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OBJECTS. 

The  Absocution  contemplates  no  interference  with  the  ground  ocoapied 
by  other  institutions.  Its  objects  are : — To  give  a  stronger  impulse  and 
a  more  systematic  direction  to  scientific  inquiry, — to  promote  the  inter- 
course of  those  who  cultivate  Science  in  different  parts  of  the  British 
Empire,  with  one  another  and  with  foreign  philosophers, — to  obtain  a 
more  general  attention  to  the  objects  of  Science,  and  a  removal  of  any 
disadvantages  of  a  public  kind  which  impede  its  progress. 

RULES. 
Admission  of  Members  and  Associates. 

All  persons  who  have  attended  the  first  Meeting  shall  be  entitled 
to  become  Members  of  the  Association,  upon  subscribing  an  obligation 
to  conform  to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical 
Societies  publishing  Transactions,  in  the  British  Empire,  shall  be  entitled, 
in  like  manner,  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees, 
of  Philosophical  Institutions  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Gouu'- 
oil  or  Managing  Committee  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

Persons  not  belonging  to  such  Institutions  shall  be  elected  by  the 
Greneral  Committee  or  Council  to  become  Life  Members  of  the  Asso- 
ciation, Annoal  Subscribers,  or  Associates  for  the  year,  subject  to  the 
approval  of  a  General  Meeting. 

CompoaitionSj  SiubscriptionSy  and  Privileges. 

Lira  Members  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shall  receive  graiuitously  the  Reports  of  the  Association  which  may  be 
published  after  the  date  of  such  payment.  They  are  eh'gible  to  all  the 
offices  of  the  Association. 

Anhual  Subsgbibebs  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  following  year  the  sum  of  One  Pound.    They  shall  receive 
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graiuUoualy  the  Beports  of  the  Association  for  the  year  of  their  admisBion 
and  for  the  years  in  which  they  continue  to  pay  without  intermission  their 
Annual  Subscription.  By  omitting  to  pay  this  subscription  in  any  par- 
ticular year,  Members  of  this  class  (Annual  Subscribers;  lose  for  that  and 
all  future  years  the  privilege  of  receiving  the  volumes  of  the  Association 
gratis ;  but  they  may  resume  their  Membership  and  other  privileges  at  any 
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eligible  to  serve  on  Committees,  or  to  hold  any  office. 

The  Association  consists  of  the  following  classes : — 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on 
admission  Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  subject  to 
the  payment  of  One  Pound  annually.  [May  resume  their  Membership  after 
intermission  of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the 
payment  of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each 
following  year.  [May  resume  their  Membership  after  intermission  of 
Annual  Payment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound, 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Reports,  gratis,  or  to  purchase  it  at  reduced  (or  Members') 
price,  according  to  the  following  specification,  viz. : — 

1.  Gratis, — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1845, 
a  further  sum  of  Five  Pounds. 

New  Life  Members  who  have  paid  Ten  Pounds  as  a  composition. 

Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription. 

2.  At  reduced  or  Members*  Price,  viz.,  two-thirds  of  the  Publication  Price. 

— Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  but  no  further  sum  as  a  Book 
Subscription. 

Annual  Members  who  have  intermitted  their  Annual  Subscription. 

Associates  for  the  year.  [Privilege  confined  to  the  volume  for 
that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  volumes  of  the  Reports  of  the  Association  up  to  1874, 
of  which  more  than  15  copies  remain,  at  2s,  6d,  per  volume.* 

Application  to  be  made  at  the  Office  of  the  Association. 
Volumes  not  claimed  within  two  years  of  the  date  of  publication  can 
only  be  issued  by  direction  of  the  Council. 

Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

*  A  few  complete  sets,  1831  to  1874,  are  on  sale  at  £10  the  set. 
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Meetings. 

The  Association  shall  meek  annually,  for  one  week,  or  longer.  The 
place  of  each  Meeting  shall  be  appointed  by  the  General  Committee  not 
leas  than  two  years  in  advance ' ;  and  the  arrangements  for  it  shall  be 
entrusted  to  the  Officers  of  the  Association. 


The  General  Committee  shall  sit  daring  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.    It  shall  consist  of  the 


General  Committee. 

/ommitt 
b  the  bu 
following  persons 

Class  A.    Permanent  Members. 

1.  Members  of  the  Council,  Presidents  of  the  Association,  and  Presi- 
dents of  Sections  for  the  present  and  preceding  years,  with  Authors  of 
Reports  in  the  Transactions  of  the  Association. 

2.  Members  who  by  the  publication  of  Works  or  Papers  have  fur- 
thered the  advancement  of  those  subjects  which  are  taken  into  considera- 
tion at  the  Sectional  Meetings  of  the  Association.  With  a  view  of  svh- 
miiting  new  claims  under  this  Bute  to  tJie  decision  of  the  Gouncil,  they  must  be 
sent  to  the  Assistant  Oeneral  Secretary  at  least  one  month  before  the  Meeting 
of  tlie  Assodaiion,  -  The  decision  of  the  Council  on  the  claims  of  amy  Member 
of  the  Association  to  be  placed  on  the  list  of  the  Oeneral  Committee  to  be  final. 

Class  B.    Temporary  Members.^ 

1.  Delegates  nominated  by  the  Corresponding  Societies  under  the 
conditions  hereinafter  explained.  Claims  under  this  Rule  to  be  sent  to  the 
Assistant  General  Secretary  before  the  opening  of  the  Meeting. 

2.  Office-bearers  for  the  time  being,  or  delegates,  altogether  not  ex- 
ceeding three,  from  Scientific  Institutions  established  in  the  place  of 
Meeting.  Oladms  under  this  Rule  to  be  approved  by  the  Local  Secretaries 
before  the  opening  of  the  Meeting. 

3.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and 
who  are  specially  nominated  in  writing,  for  the  Meeting  of  the  year,  by 
the  President  and  General  Secretaries. 

4.  Vice-Presidents  and  Secretaires  of  Sections. 

Organieimg  Sectional  Committees^ 

The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  several  Sec- 
tions are  nominated  by  the  Council,  and  have  power  to  exercise  the  fupc- 
tions  of  Sectional  Committees  until  their  names  are  submitted  to  the 
Gbneral  Committee  for  election. 

From  the  time  of  their  nomination  they  constitute  Organising  Com- 
mtttees  for  the  purpose  of  obtaining  information  upon  the  Memoirs  and 
ReportB  likely  to  be  submitted  to  the  Sections,^  and  of  preparing  Eeporta 

*  Bevised  by  the  General  Committee,  Liverpool,  1896. 
^  Revised,  Montreal,  1884. 

*  Passed,  Edinburgh,  187 J,  revised,  Dover,  1899. 

*  Notice  to  Contributors  cf  Mamoirs, — Authors  are  reminded  that,  under  an 
amngewent  dating  from  1871,  the  aeceptance  of  Memoirs,  and  the  dcy^rs  ^ 
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thoroon,  and  on  the  order  in  which  it  is  desirable  that  they  shonld  be 
read.  The  Sectional  Presidents  of  former  years  are  ex  officio  members 
of  the  Organising  Sectional  Committees.^ 

An  Organising  Committee  may  also  hold  snch  preliminary  meetings  as 
the  President  of  the  Committee  thinks  expedient,  bnt  shall,  under  any 
circnmstances,  meet  on  the  first  Wednesday  of  the  Annual  Meeting,  at 
2  p.if .,  to  appoint  members  of  the  Sectional  Committee.' 

Constitution  of  the  Sectional  Committees.* 

On  the  first  day  of  the  Annual  Meeting,  the  President,  Vice-Presi- 
dents, and  Secretaries  of  each  Section,  who  will  be  appointed  by  the 
General  Committee  at  4  p.m.,  and  those  previous  Presidents  and  Vice- 
Presidents  of  the  Section  who  may  desire  to  attend,  are  to  meet,  at  2  p.m., 
in  their  Committee  Booms,  and  appoint  the  Sectional  Committees  by 
selecting  individuals  from  among  the  Members  (not  Associates)  present 
at  the  Meeting  whose  a.^si8tance  they  may  particularly  desire.  Any 
Member  who  has  intimated  the  intention  of  attending  the  Meeting,  and 
who  has  already  served  upon  a  Committee  of  a  Section,  is  eligible  for 
election  as  a  Member  of  the  Committee  of  that  Section  at  its  first 
meeting.^  The  Sectional  Committees  thus  constituted  shall  have  power 
to  add  to  their  number  from  day  to  day. 

The  List  thus  formed  is  to  be  entered  daily  in  the  Sectional  Minute- 
Book,  and  a  copy  forwarded  without  delay  to  the  Printer,  who  is  charged 
with  publishing  the  same  before  8  a.m.  on  the  next  day  in  the  Journal  of 
the  Sectional  Proceedings. 

Business  of  the  Sectional  Committees. 

Committee  Meetings  are  to  be  held  on  the  Wednesday,  and  on  the 
following  Thursday,  Friday,  Saturday,^  Monday,  and  Tuesday,  for  the 
objects  stated  in  the  Rules  of  the  Association.  The  Organising  Committee 
of  a  Section  is  empowered  to  arrange  the  hours  of  meeting  of  the  Section 
and  the  Sectional  Committee  except  for  Saturday.^ 

The  business  is  to  be  conducted  in  the  following  manner : — 

1.  The  President  shall  call  on  the  Secretary  to  read  the  minutes  of 
the  previous  Meeting  of  the  Committee. 

they  are  to  be  read,  are  now  as  far  as  possible  detennined  by  Organising  Committees 
for  the  several  Sections  before  the  beginning  of  the  Meeting,  It  h&s  therefore  become 
necessary,  in  order  to  give  an  opportunity  to  the  Committees  of  doing  justice  to  the 
several  Communications,  that  each  author  should  prepare  an  Abstract  of  his  Memoir 
of  a  length  suitable  for  insertion  in  the  published  Transactions  of  the  Association, 
and  that  he  should  send  it,  together  with  the  original  Memoir,  by  book-post,  on  or 

before ,  addressed  to  the  General  Secretaries,  at  the  office  of 

the  Association.    'For  Section *    If  it  should  be  inconvenient  to  the  Author 

that  his  paper  should  be  read  on  any  particular  days,  he  is  requested  to  send  in- 
formation thereof  to  the  Secretaries  in  a  separate  note.  Authors  who  send  in  their 
MSB.  three  complete  weeks  before  the  Meeting,  and  whose  papers  are  aooepted, 
will  be  furnished,  before  the  Meeting,  with  printed  copies  of  their  Reports  and 
abstracts.  No  Report,  Paper,  or  Abstract  can  be  inserted  in  the  Annual  Volume 
unless  it  is  handed  either  to  the  Recorder  of  the  Section  or  to  the  Assistant  General 
Secretary  before  the  ooneluHon  of  the  Meeting, 

»  Sheffield,  1879.  «  Swansea,  1880,  revised,  Dover,  1899. 

»  Edinburgh,  1871,  revised,  Dover,  1899.  *  Glasgow,  1901. 

*  The  meeting  on  Saturday  is  optional,  Southport,  1888.     <  Nottmgham^S^. 
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2.  No  paper  shall  be  read  until  it  has  been  formally  aooepted  by  the. 

Committee  of  the  Section,  and  entered  on  the  minutes  accord- 
ingly. 

3.  Papers  which  have  been  reported  on  unfavourably  by  the  Organ- 

ising Committees  shall  not  be  brought  before  the  Sectional 
Committees.' 

At  the  first  meeting,  one  of  the  Secretaries  will  read  the  Minutes  of 
last  year's  proceedings,  as  recorded  in  the  Minute-Book,  and  the  Synopsis 
of  Recommendations  adopted  at  the  last  Meeting  of  the  Association 
and  printed  in  the  last  volume  of  the  Report.  He  will  next  proceed  to 
read  the  Report  of  the  Organising  Committee.'  The  list  of  Communi- 
cations to  be  read  on  Thursday  shall  be  then  arranged,  and  the  general 
distribution  of  business  throughout  the  week  shall  oe  provisioniJly  ap- 
pointed.* At  the  close  of  the  Committee  Meeting  the  Secretaries  shall 
forward  to  the  Printer  a  List  of  the  Papers  appointed  to  be  read.  The 
Printer  is  charged  with  publishing  the  same  before  8  a.m.  on  Thursday 
in  the  Journal. 

On  the  second  day  of  the  Annual  Meeting,  and  the  following  days, 
the  Secretaries  are  to  correct,  on  a  copy  of  the  Journal,  the  list  of  papers 
which  have  been  read  on  that  day,  to  add  to  it  a  list  of  those  appointed 
to  be  read  on  the  next  day,  and  to  send  this  copy  of  the  Journal  as  early 
in  the  day  as  possible  to  the  Printer,  who  is  charged  with  printing  the 
same  before  8  a.m.  next  morning  in  the  Journal.  It  is  necessary  that  one 
of  the  Secretaries  of  each  Section  (generally  the  Recorder)  snould  call 
at  the  Printing  Office  and  revise  the  proof  each  evening. 

Minutes  of  the  proceedings  of  every  Committee  are  to  be  entered  daily 
in  the  Minute-Book,  which  &ould  be  confirmed  at  the  next  meeting  of 
the  Committee. 

lasts  of  the  Reports  and  Memoirs  read  in  the  Sections  are  to  be  entered 
in  the  Minute-Book  daily,  which,  with  all  Memoirs  and  Copies  or  Abstracts 
of  Memoirs  furnished  by  Authors,  are  to  be  forwarded,  at  the  close  of  the 
Sectional  Meetings,  to  the  Assistant  Qeneral  Secretary. 

The  Vice-Presidents  and  Secretaries  of  Sections  become  ex  officio 
temporary  Members  of  the  General  Committee  (vide  p.  xxxi),  and  will 
receive,  on  application  to  the  Treasurer  in  the  Reception  Room,  Tickets 
entitling  them  to  attend  its  Meetings. 

The  Committees  will  take  into  consideration  any  suggestions  which  may 
bo  offered  by  their  Members  for  the  advancement  of  Science.  They  are 
specially  requested  to  review  the  recommendations  adopted  at  preceding 
Meetings,  as  published  in  the  volumes  of  the  Association,  and  the  com- 
munications made  to  the  Sections  at  this  Meeting,  for  the  purposes  of 
selecting  definite  points  of  research  to  which  individual  or  combined 
exertion  may  be  usefully  directed,  and  branches  of  knowledge  on  the 
state  and  progress  of  which  Reports  are  wanted ;  to  name  individuals  or 
Committed  for  the  execution  of  such  Reports  or  researches ;  and  to  state 
whether,  and  to  what  degree,  these  objects  may  be  usefully  advanced  by 
the  appropriation  of  the  fnnds  of  the  Association,  by  application  to 
Government,  Philosophical  Institutions,  or  Local  Authorities. 

In  case  of  appointment  of  Committees  for  special  objects  of  Science, 
it  is  expedient  that  all  Members  of  the  Committee  shoald  be  named,  and 

»  Plymooth,  1877.  *  Ediaborgh.  1871. 
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one  of  them  appointed  to  act  as  Chairman,  who  shall  have  notified  per^* 
sonallj  or  in  writing  his  willingness  to  accept  the  office,  the  Chairman  to 
have  the  responsibilitj  of  receiving  and  disbursing  the  ^rant  (if  any  has 
been  made)  and  secnring  the  presentation  of  the  report  m  due  time ;  and, 
farther,  it  is  expedient  that  one  of  the  members  should  be  appointed  to 
act  as  Secretary,  for  ensuring  attention  to  business. 

That  it  is  desirable  that  the  number  of  Members  appointed  to  serve  on 
a  Committee  should  be  as  small  as  is  consistent  with  its  efficient  working. 

That  a  tabular  list  of  the  Committees  appointed  on  the  recommenda- 
tion of  each  Section  should  be  sent  each  year  to  the  Recorders  of  the 
several  Sections,  to  enable  them  to  fill  in  the  statement  whether  the 
several  Committees  appointed  on  the  recommendation  of  their  respective 
Sections  had  presented  their  reports. 

That  on  the  proposal  to  recommend  the  appointment  of  a  Committee 
for  a  special  object  of  science  having  been  adopted  by  the  Sectional 
Committee,  the  number  of  Members  of  such  Committee  be  then  fixed, 
but  that  the  Members  to  serve  on  such  Committee  be  nominated  and 
selected  by  the  Sectional  Committee  at  a  subsequent  meeting.^ 

Committees  have  power  to  add  to  their  number  persons  whose  assist- 
ance they  may  require. 

The  recommendations  adopted  by  the  Committees  of  Sections  are  to 
be  registered  in  the  Forms  furnished  to  their  Secretaries,  and  one  Copy  of 
each  is  to  be  forwarded,  without  delay,  to  the  Assistant  General  Secre&ry 
for  presentation  to  the  Committee  of  Recommendations.  Unless  this  be 
done^  the  BecommendcUtona  cannot  receive  the  scmction  of  the  Association. 

N.B. — ^Reconmiendations  which  may  originate  in  any  one  of  the  Sections 
must  first  be  sanctioned  by  the  Committee  of  that  Section  before  they  can 
be  referred  to  the  Committee  of  Recommendations  or  confirmed  by  the 
General  Committee. 


Notices  regardmg  Orants  of  Moneys 

1.  No  Cotnmittee  shall  raise  money  in  the  name  or  under  the  auspices  of 

the  British  Association  without  special  permission  ^om  the  U^neral 
Committee  to  do  so ;  and  no  money  so  raised  shall  be  expended 
except  in  accordance  with  the  Rules  of  the  Association. 

2.  In  grants  of  money  to  Committees  the  Association  does  not  contem- 

plate the  payment  of  personal  expenses  to  the  Members. 

8.  Committees  to  which  grants  of  money  are  entrusted  by  the  Association 
for  the  prosecution  of  particular  Researches  in  Science  are  ap- 
pointed for  one  year  only.  If  the  work  of  a  Committee  cannot  be 
completed  in  the  year,  and  if  the  Sectional  Committee  desire  the 
work  to  be  continued,  application  for  the  reappointment  of  the 
Committee  for  another  year  must  be  made  at  the  next  meeting  of 
the  Association. 

4.  Each  Committee  is  required  to  present  a  Report,  whether  final  or  in- 
terim, at  the  next  meeting  of  the  Association  after  their  appoint- 
ment or  reappointment.  Interim  Reports  must  be  submitted  in 
writiog,  though  not  necessarily  for  publication. 


'  Revised  hj  the  General  Ck)mmittee,  Bath,  1888. 

*  Reviied  by  the  General  Committee  at  Ipewich,  1895. 
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5.  In  each  Committee  the  Chairman  is  the  only  person  entitled  to 

call  on  the  Treasurer,  Professor  G.  Carey  Foster,  F.B.S.y  for 
such  portion  of  the  sams  granted  as  may  from  time  to  time  be 
required. 

6.  Grants  of  money  sanctioned  at  a  meeting  of  the  Association  expire  on 

June  30  following.  The  Treasurer  is  not  authorised  after  that 
date  to  allow  any  claims  on  account  of  such  grants. 

7.  The  Chairman  of  a  Committee  must,  before  the  meeting  of  the  Asso- 

ciation next  following  after  the  appointment  or  reappointment  of 
the  Committee,  forwfu*d  to  the  TreEisurer  a  statement  of  the  sums 
which  haye  been  received  and  expended,  with  vouchers.  The 
Chairman  must  also  return  the  balance  of  the  grant,  if  any,  which 
has  been  received  and  not  spent ;  or,  if  further  expenditure  is  con- 
templated, he  must  apply  for  leave  to  retain  the  balance. 

8.  When  application  is  made  for  a  Committee  to  be  reappointed^  and  to 

retain  the  balance  of  a  former  grant  which  is  in  tne  hands  of  the 
Chairman,  and  also  to  receive  a  further  grant,  the  amount  of  such 
further  grant  is  to  be  estimated  as  being  additional  to,  and  not 
inclusive  of,  the  balance  proposed  to  be  retained. 

9.  The  Committees  of  the  Sections  shall  ascertain  whether  a  Report  has 

been  made  by  every  Committee  appointed  at  the  previous  Meeting 
to  whom  a  sum  of  money  has  been  granted^  and  shall  report  to  the 
Committee  of  Becommendations  in  every  case  where  no  such 
report  has  been  received. 

10.  Members  and  Committees  who  may  be  entrusted  with  sums  of  money 

for  collecting  specimens  of  any  description  are  requested  to  re* 
serve  the  specimens  so  obtained  to  be  dealt  with  by  authority  of 
the  Council. 

11.  Committees  are  requested  to  furnish  a  list  of  any  apparatus  which 

may  have  been  purchased  out  of  a  grant  made  by  the  Association, 
and  to 'state  whether  the  apparatus  will  be  useful  for  continuing 
the  research  in  question,  or  for  other  scientific  purposes. 

12.  All  Instruments,  Papers,  Drawings,  and  other  property  of  the  Asso- 

ciation are  to  be  deposited  at  the  Office  of  the  Association  when 
not  ^nployed  in  scientific  inquiries  for  the  Association. 


BtLsineaa  of  the  Sections. 

The  Meeting  Boom  of  each  Section  is  opened  for  conversation  shortly 
before  the  meetmg  conmiences.  The  Section  Rooms  and  approaches  thereto 
€tm  he  used  far  no  notices^  exhtbiUons^  or  other  purposes  than  those  of  the 
Association, 

At  the  time  appointed  the  Chair  will  be  taken,'  and  the  reading  of 
oommnnications,  in  the  order  previously  made  public,  commenced. 

Sections  may,  by  the  desire  of  the  Committees,  divide  themselves  into 
Departments,  as  often  as  the  number  and  nature  of  the  communications 
dehvered  in  may  render  such  divisions  desh-able. 

'  The  Oiganl^Dg  Committee  of  a  Section  is  empowered  to  arrange  the  hours 
oCneeUng  of  the  Section  and  of  the  SecUonal  Committee,  except  for  Baturdav.  ^^f  ^ 
1903,  igitized  byV^yOglC 
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A  BepiMrt  presented  to  the  Association,  and  read  to  the  Section  which 
originallj  cttlled  for  it,  may  be  read  in  another  Section,  at  the  request  of 
the  Officers  of  that  Section,  with  the  consent  of  the  Author. 


Duties  of  the  Doorkeepers. 

1.  To  remain  constantly  at  the  Doors  of  the  Rooms  to  which  they  are 

appointed  during  the  whole  time  for  which  they  are  engird. 

2.  To  require  of  every  person  desirous  of  entering  the  Rooms  the  ex. 

hibition  of  a  Member's,  Associate's,  or  Lady's  Ticket,  or  Reporter's 
Ticket,  signed  by  the  Treasurer,  or  a  Special  Ticket  signed  by  the 
Assistant  General  Secretary. 
8.  Persons  unprovided  with  any  of  these  Tickets  can  only  be  admitted 
to  any  particular  Room  by  order  of  the  Secretary  in  that  Room. 

No  person  is  exempt  from  these  Rules,  except  those  Officers  of  the 
Association  whose  names  are  printed  in  the  Official  Programme,  p.  1. 

Duties  of  the  Messengers. 

To  remain  constantly  at  the  Rooms  to  which  they  are  appointed  dur- 
ing the  whole  time  for  which  they  are  engaged,  except  when  employed  en 
messages  by  one  of  the  Officers  directing  these  Rooms. 

Committee  of  Recommendations. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee, 
which  shall  receive  and  consider  the  Recommendations  of  the  Sectional 
Committees,  and  report  to  the  General  Committee  the  measures  which 
they  would  advise  to  be  adopted  for  the  advancement  of  Science. 

The  ex  officio  members  of  the  Committee  of  Recommendations  are  the 
PuBsident  and  Vice-Presidents  of  the  Meeting,  the  General  and  Assistant- 
General  Secretaries,  the  General  Treasurer,  the  Trustees,  and  the  Presidents 
of  the  Association  in  former  years. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects  shall  be  submitted  to  the 
Committee  of  Recommendations,  and  not  taken  into  consideration  by  the 
General  Committee  unless  previously  recommended  by  the  Committee  of 
Recommendations. 

All  proposals  for  establishing  new  Sections,  or  altering  the  titles  of 
Sections,  or  for  any  other  change  in  the  constitutional  forms  and  funda- 
mental rules  of  the  Association,  shall  be  referred  to  the  Committee  of 
Recommendations  for  a  report.^ 

If  the  President  of  a  Section  is  unable  to  attend  a  meeting  of  the 
Committee  of  Recommendations,  the  Sectional  Committee  shall  be 
authorised  to  appoint  a  Vice-President,  or,  failing  a  Vice-President, 
some  other  member  of  the  Committee,  to  attend  in  his  place,  due  notice 
of  the  appointment  being  sent  to  the  Assistant  General  Secretary.^ 

>  Passed  by  the  General  Coumittee  at  Binningliam,  18G5. 
«  Passed  by  the  General  Committee  at  Leeds,  1»S0. 
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Corresponding  Societies? 

1.  Any  Society  is  eligible  to  be  placed  on  tbe  List  of  CorreapondiDg 
Socieiies  of  tbe  Associatioii  urbicb  undertakes  local  soientifio  investiga- 
felons,  and  publishes  notices  of  tbe  resnlts. 

2.  Application  may  be  made  by  any  Society  to  be  placed  on  the 
List  of  Corresponding  Societies.  Applications  mnst  be  addressed  to  the 
Assistant  General  Secretary  on  or  before  the  1st  of  Jnne  preceding  the 
Annnal  Meeting  at  which  it  is  intended  they  should  be  considered  and 
mnst  be  accompanied  by  specimens  of  the  pablicaticms  of  the  resnlts  of 
the  local  scientific  investimtions  recently  undertaken  by  the  Society. 

3.  A  Corresponding  Societies  Committee  shall  be  annually  nomi* 
nated  by  the  Council  and  appointed  by  the  General  Committee  for  the 
purpose  of  considering  these  applications,  as  well  as  for  that  of  keeping 
themselves  generally  informed  of  the  annual  work  of  the  Corresponding 
Societies,  and  of  superintending  the  preparation  of  a  list  of  the  papers 
published  by  them.  This  Committee  shall  make  an  annual  report  to  the 
General  Committee,  and  shall  suggest  such  additions  or  changes  in  the 
List  of  Corresponding  Societies  as  they  may  think  desirable. 

4.  Eyery  Corresponding  Society  shall  return  each  year,  on  or  before  the 
Ist  of  June,  to  the  Assistant  General  Secretary  of  the  Association,  a 
schedule,  properly  filled  up,  which  will  be  issued  by  him,  and  which  will 
contain  a  request  for  such  particulars  with  regard  to  the  Society  as  may 
be  required  for  the  information  of  the  Corresponding  Societies  Committee. 

5.  There  shall  be  inserted  in  the  Annual  Report  of  tbe  Association 
a  list,  in  an  abbreviated  form,  of  the  papers  published  by  tbe  Corre* 
spending  Societies  during  the  past  twelve  months  which  contain  the 
results  of  the  local  scientific  work  conducted  by  them ;  those  papers  only 
being  included  which  refer  to  subjects  coming  under  the  cognisance  of 
one  or  other  of  the  various  Sections  of  the  Association. 

6.  A  Corresponding  Society  shall  have  the  right  to  nominate  any 
one  of  its  members,  who  is  also  a  Member  of  the  Association,  as  its  dele- 
gate to  the  Annual  Meeting  of  the  Association,  who  shall  be  for  the  time 
a  Member  of  the  General  Uonunittee. 

Conference  of  Delegates  of  Corresponding  Societies. 

7.  The  Conference  of  Delegates  of  Corresponding  Societies  is  em- 
powered to  send  recommendations  to  the  Committee  of  Becommen- 
dations  for  their  consideration,  and  for  report  to  the  G^eral  Committee. 

8.  The  Del^^ates  of  the  various  Corresponding  Societies  shall  con- 
stitute a  Conference,  of  which  the  Chairman,  Yice-Chairmen,  and  Secre- 
taries shall  be  annually  nominated  by  the  Council,  and  appointed  by  the 
General  Committee,  and  of  which  the  members  of  the  Corresponding 
SocieiieB  Committee  shall  be  ex  officio  members. 

9.  The  Conference  of  Delegates  shall  be  summoned  by  tbe  Secretaries 
to  hold  one  or  more  meetings  during  each  Annual  Meeting  of  the  Associa- 
tion, and  shall  be  empowered  to  invite  any  Member  or  Associate  to  take 
part  in  the  meetings. 

10.'  The  Organising  Committees  of  each  Section  shall  be  instructed  to 
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tranBinit  to  the  Secretaries  of  the  Oonference  of  Delegates  copies  of  anj 
recommeDdations  forwarded  by  the  Presidents  of  Sections  to  the  Com* 
mittee  of  Recommendations  bearing  npon  matters  in  -which  the  co-operation 
of  Corresponding  Societies  is  desired ;  and  the  Secretaries  of  the  Oonference 
of  Delegates  shall  invite  the  authors  of  these  recommendations  to  attend 
the  meetings  of  the  Conference  and  give  verbal  explanations  of  their 
objects  and  of  the  precise  way  in  which  they  would  desire  to  have  them 
carried  into  effect. 

11.  It  will  be  the  duty  of  the  Delegates  to  make  themselves  familiar 
with  the  purport  of  the  several  recommendations  brought  before  the  Confer- 
ence, in  order  that  they  and  others  who  take  part  in  the  meetings  may  be 
able  to  bring  those  recommendations  clearly  and  favourably  before  their 
respective  Societies.  The  Conference  may  also  discuss  propositions  bear- 
ing on  the  promotion  of  more  systematic  observation  and  plans  of  openu 
tion,  and  of  greater  uniformity  in  the  mode  of  publishing  results. 


Local  Committees. 

Local  Committees  shall  be  formed  by  the  0£Bcers  of  the  Association 
to  assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shiSl  have  the  power  of  adding  to  their  numbers 
those  Members  of  the  Association  whose  assistance  they  may  desire. 

Offi^cera. 

A  President,  two  or  more  Vice-Presidents,  one  or  more  Secretaries, 
and  a  Treasurer  shall  be  annually  appointed  by  the  General  Committee. 


Council. 

In  the  intervals  of  the  Meetings,  the  affairs  of  the  Association  shall 
be  managed  by  a  Council  appointed  by  the  General  Committee.  The 
Council  may  also  assemble  for  the  despatch  of  business  during  the  week 
of  the  Meeting. 

(1)  The  Council  shall  consist  of  ^ 

1.  The  Trustees. 

2.  The  ^t  Presidents. 

3.  The  I^resident  and  Vice-Presidents  for  the  time  being. 

4.  The  President  and  Vice-Presidents  elect. 

5.  The  past  and  present  General  Treasurers,  General  and 

Assistant  General  Secretaries. 

6.  The    Local    Treasurer   and  Secretaries  for    the    ensuing 

Meeting. 

7.  Ordinary  Members. 

(2)  The  Ordinary  Members  shall  be  elected   annually  from    the 

General  Committee. 
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(3)  There  shall  be  not  more  than  twenty-fiye  Ordinary  Members,  of 

vfhom  not  more  than  twenty  shall  have  senred  on  tbe  Oonnoily 
as  Ordinary  Members,  in  the  previons  year. 

(4)  In  order  to  carry  oat  the  foregoing  role,  the  following  Ordinary 

Members  of  the  oatgoing  Council  shall  at  each  aannal  election 
be  ineligible  for  nomination : — Ist,  those  who  have  serred  on 
the  Connoil  for  the  greatest  nnmber  of  consecative  years ;  and, 
2nd,  those  who,  being  resident  in  or  near  London,  haye 
attended  the  fewest  nnmbw  of  Meetings  dnring  the  year 
— observing  (as  nearly  as  possible)  the  proportion  of  three  by 
senioriiy  to  two  by  least  attendance. 

(5)  The  Council  shall  submit  to  tbe  General  Committee  in  their 

Annual  Report  the  names  of  the  Members  of  the  General 
Committee  whom  they  recommend  for  election  as  Members  of 
Council. 

(6)  The  Election  shall  take  place  at  the  same  time  as  that  of  the 

Officers  of  the  Association. 

Papers  and  Communicationa. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to 
reserre  his  right  of  property  therein. 

Accounts. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
^pointed  by  the  General  Committee. 
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TRUSTEES  AND  GENERAL  OFFICERS,  1831-1908. 


TRUSTEES. 


1832-70  (Sir)  R.  I.  MURCHISON  (Bart.), 

F.R.S. 
1832-62  John  Tatlob,  Esq.,  F.R.S. 
183^-39  C.  Babbagb,  Esq.,  F.R.S. 
1S39-44  F.  Bailt,  Esq.,  F.R.S. 
1844-68  Rev.  G.  Peacock,  F.R.S. 
1858-82  General  E.  Sabinb,  F.R.S. 
1862-81  Sir  P.  Egkrton,  Bart.,  F.R.S. 


1872       Sir  J.  Lubbock,  Bart,  (now  Lord 

AVBBxnnr),  F.R.S. 
1881-83  W.  Spottiswoodb,  Esq.,  Pres. 

R.S. 
1883        Lord  Raylbigh,  F.R.S. 
1883-98    Sir   Lton    (afterwards    Lord) 

Playpaib,  F.R.S. 
1898        Prof.  (S!r)  A.  W.  ROcKEB,  F.R.S. 


GENERAL    TREASURERS. 


1 831       Jonathan  Gbat,  Esq. 
1832-62  John  Taylob,  Esq.,  F.R.S. 
1862-74  W.  Spottiswoodb,  Esq.,  F.R.S. 


1874-91  Prof.  A.  W.  Williamson,  F.R.S. 
1891-98  Prof.  A.  W.  ROokbb,  F.R.S. 
1898       Prof.  G.  C.  Foster,  F.R.S. 


GENERAL    SECRETARIES. 


1832-35 
1835-36 

1836-37 

1837-39 

1839-45 

1845-60 
1850-52 

1862-53 
1853-59 
1859-61 
1861.4>2 
1862-63 

1863-65 

1866-66 
1866-68 


Rev.  W.  Vbbnon  Harcourt, 

F.R.S. 
Rev.  W.  Vbbnon  Harcourt, 

F.R.S.,  and  F.  BaiLY,  Esq., 

F.R.S. 
Rev.  W.  Vbbnon  Harcourt, 

F.R.S.,  and  R.  I.  MURCHISON, 

Esq.,  F.R.S. 
R.  I.  'MURCHISON,  Esq.,  F.R.S., 

and  Rev.  G.  Peacock,  F.U.S. 
Sir  R.  I.  MURCHISON,  F.R.S., 

and  Major  E.  Sabine,  F.R.S. 
Lieat.-Colonel  B.Sabinb,F.R.S. 
General  E.  Sabine,  F.R.S.,  and 

J.  F.  RoYLB,  Esq.,  F.R.S. 
J.  F.  ROYLE,  Esq.,  F.R.S. 
General  E.  Sabine,  F.R.S. 
Prof.  R.  Walker,  F.R.S. 
W.  Hopkins,  Esq.,  F.R.S. 
W.  Hopkins,  Esq.,  F.R,S.,  and 

Prof.  J.  Phillips,  F.R.S. 
W.  Hopkins,  Esq.,  F.R.S.,  and 

F.  Galton,  Esq.,  F.R.S. 
F.  Galton,  Esq..  F.R.S. 
F.  Galton,  Esq.,  F.R.S.,  and 

Dr.  T.  a.  Hirst,  F.R.S. 


1868-71 

1871-72 

1872-76 

1876-81 

1881-82 

1882-83 
1883-96 

1895-97 


1897- 

1900 
1900-02 


1902-03 
1903 


Dr.  T.  a.  Hirst.  F.R.S.,  and  Dr. 

T.  Thomson,  F.R.S. 
Dr.T.  TH0M80N,F.R.S.,andCapt. 

Douglas  Galton.  F.R.S. 
Cape.  D.  Galton,  F.R.S..  and 

Dr.  Michael  Foster,  F.R.S. 
Capt.  D.  Galton,  F.R.S.,  and 

Dr.  P.  L.  SOLATER,  F.R.S. 
Capt.  D.  Galton,  F.R.S.,  and 

Prof.  F.  M.  Balfour,  F.R.S. 
Capt.  Douglas  Galton,  F.R.S. 
Sir  Douglas  Galton,  F.R.S., 

and  A.  G.  Vernon  Harcourt, 

Esq.,  F.R.S. 
A.  G.  Vernon  Harcourt,  Esq., 

F.R.S.,    and     Prof.     E.     A. 

SCHAFER,  F.R.S. 
Prof.  SCHAFER,  F.R.S.,  and  Sir 

W.C.Robbrts-Austbn,F.R.S. 
Sir  W.    C.  Roberts-Austen, 

F.R.S.,  and  Dr.  D.  H.  ScoTT, 

F.R.S. 
Dr.  D.  H.  Scott,  F.R.S.,  and 

MajorP.  A.  M  acMahon,  F.R  S. 
Major  P.  A.  MacMahon,  F.R.S., 

and  Prof.  W.  A.  Herdman, 

F.R.8. 


ASSISTANT    GENERAL    SECRETARIES. 

1831  John  Phillips,  Esq.,  iSfcrtf^^ry.  !  1881-85  Prof.   T.  G.    Bonney,   F.R.S., 

1832  -    .     •     -^     "  ~ 


Prof.    J.    D.    Forbes,   Acting 

Secretary, 
1832-62  Prof.  John  Phillips,  F.R.S. 
1862-78  G.  Griffith,  Esq.,  M.A. 
1878-80  J.  E.  H.  Gordon,  Esq.,  B.A., 

Asiiitant  Secretary, 
1881        G.  Griffith,  Esq.,  M.A.,  Acting 

Secretary, 


Secretary. 
1886-90  A.   T.   Atchison,  Esq.,  M.A., 

Secretary, 
1890       G.  Griffith,  Esq.,  M.A.,  Acting 

Secretary, 
1890-1902  G.  Griffith,  Esq.,  MX 
1902        J,  G.  Garson,  Esq.,  M.D. 
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Presidents  cmd  Secretaries  of  the  Sections  of  the  Associati4)n. 


Date  mnd  Place 


PreddenU 


Secretaries 


MATHEMATICAL  AND  PHYSICAL  SCIENCES. 

COMMTmS  OP  8CRNCE8,  I. — MATHIMATICS  AKD  GENERAL  PHTSICS. 


1682.  Oxford 

1833.  CSunbridge 

1834.  Edinburgh 


Davies  Gilbert,  D.0.L.,FJL8.|BeT.  H.  Coddington. 

Sir  D.  Brewster,  F.B.8 Prof.  Forbes. 

Bev.  W.  Whewell,  FJLS.       |Prof.  Forbes,  Prof.  Lloyd. 


1835.  Dublin 

1836.  Bristol 

1837.  LiTerpool... 

1838.  NewcasUe 

1839.  Birmingham 
18iO.  Glasgow  ... 

1841.  Plymouth 

1842.  Mandiester 

1843.  Cork 

1844.  York 

1845.  Cambridge 

1846.  Southamp- 

ton. 

1847.  Orford 

1848.  Swansea  ... 

1849.  Birmingham 

1850.  Bdinbnrgh 

1851.  Ipswidi   ... 

1852.  Belfast 

1853.  HnU 

1854.  Liverpool... 

1855.  Glasgow  ... 

1856.  Cheltenham 

1857.  Dnblin 


Rev.  William  WheweU,F.Il.8. 

Sir  D.  Brewster,  F.B.S 

Sir  J.  F.  W.  Herschel,  Bart., 

F.B.a 
Bev.  Prof.YHiewell,  F.B.S.... 


Prof.  Forbes,  F.B.S.. 


SECTION  ▲. — MATHSMITICS   AMD  PHTSICS. 

Bev.  Dr.  Bobinson  jProf.  Sir  W.  B.  Hamilton^,  Prof . 

Wheatstone. 
Prof.  Forbes,  W.  8.  Harris,  F.  W. 

Jerrard. 
W.  8.  Harris,  Bev.  Prof.  Pbwall, 

Prof.  Stevelly. 
Bev.  Prof.  Chevallier,  Major  Sabine, 

Prof.  Stevelly. 
J.  D.  Chance,  W.  Snow  Harris,  Prof. 

Stevelly. 
Bev.  Dr.    Forbes,   Prof.    Stevelly, 

Arch.  Smith. 
Prof.  Stevelly. 
Prof.  M*Culloch,Prof.  Stevelly,  Bev. 

W.  Sooresby. 
J.  Nott,  Prof.  Stevelly. 
Bev.  Wm.  Hey,  Prof.  Stevelly. 
Bev.  H.  Goodwin,  Prof.   Stevellj', 

G.  G.  Stokes. 
John    Drew,  Dr.    Stevelly,   G.  G. 

Stokes. 
Bev.  H.  Price,  Prof.  Stevelly,  G.  G. 

Stokes. 
Dr.  Stevelly,  G.  G.  Stokes. 
Prof.  Stevelly, 


Bev.  Prof.  Lloyd,  F.B.S 

Very  Bev.  G.  Peacock,  D.D., 

F  R  S 
Prof .  M«Cnlloch,  M.B.I.A.  ... 
The  Earl  of  Boase,  F.B.8.  ... 
The  Very  Bev.  the  Dean  of 

Ely. 
Sir  John  F.    W,    Herschel, 

Bart.,  F.B.S. 
Bev.     Prof.    Powell,    M.A., 

F.B.S. 

Lord  Wrottesley,  F.B.S 

William  Hopkins,  F.B.S 


G.  G.  Stokes,  W. 
Bidout  Wills. 
Prof.  J.  D.  Forbes,  F.B.S.,  W.J.MaoquomBankine,Prof. Smyth, 

Sec  B.S.B.  I     Prof.  Stevelly,  Prof.  G.  G.  Stokes. 

Bev.    W.    Whewell,     D.D., IS. Jackson, W. J. MacqnomBankine, 

F.B.S.  ;     Prof.  Stevelly.  Prof.  G.  G.  Stokes. 

Prof.    W.    Thomson,    M.A.,l  Prof.  Dixon,  W.  J.  Maoquom  Ran- 

F.B.S.,  F.B.S.B.  I     kine.  Prof.  Stevelly,  J.  Tyndall. 

The  Very  Bev.  the  Dean  of  IB.  Blaydes  Haworth,  J.  D.  Sollitt^ 

Ely,  F.B.8.  I     Prof.  Stevelly,  J.  Welsh. 

Prof.  G.G.  Stokes,  M.A.,  Sec!  J.  Hartnnp,  H.    G.    Pnckle,  Prof. 

B.S.  I     Stevelly,  J.  TJmdaU,  J.  Welsh. 

Bev.    Prof.    Kelland,    M.A.,' Bev.  Dr. Forbes,  Prof.  D.Gray,  Prof. 
F.B.S.,  F.R.S.B.  t     Tyndall. 

C.  Brooke,  Rev.  T.  A.  Southwood, 

Prof.  Stevelly,  Bev.  J.  C.  Tumbull. 

Prof.  Curtis,  Prof.  Hennessy,  P.  A. 

Ninnls,  W.  J.  Maoquom  Banldnc, 

,    Prof.  Stevellf kized  by  L^OOg  le 


Bev.  B.  Walker,  M.A.,  F.R.S. 

Rev.  T.  R.  Robinson,  D.D., 
F.R.S.,  M.R.I.A. 
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BBPOBT— 1903. 


Date  and  Place 


PiesidenU 


Seoretaiiet 


1868.  Leeds 

1859.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1866.  Birmingham 

1866.  Nottingham 

1867.  Dundee    ... 

1868.  Norwich  ... 

1869.  Exeter 

1870.  Liverpool... 


Bev.    W. 
V.P.B.S. 


Whewell, 


D.D.,  Bev.  8.  Bamshaw,  J.  P.  Hennessj. 

Prof.  Stevelly,  H.  J.  S.Smith,  Prof. 

Tyndall. 

'The  Earl  of  Bo68e,MJk.,K.P.,  J.  P.  Hennessy,  Prof.  Maxwell,  H. 

■    F.B.S.  J.  S.  Smith,  Prof.  Steyellj. 

Bey.  B.  Price,  M.A.,  F.B.S....  Bev.  G.  C.  Bell,  Bev.  T.  Bennison, 

Prof.  Stevelly. 
G.    B.   Airy,    MA.,    D.C.L.,  Prof.  B.  B.  Clifton,  Prof.  H.  J.  S. 

F.B.S.  Smith,  Prof.  Stevelly. 

Prof.    G.    G.    Stokes,    MJl.,'Prof.  B.  B.  Clifton,  Prof.  H.  J.  8. 
I     F.B.8.  Smith,  Prof.  Stevelly. 

Prof. W.J. MaoqnomBankine,  Bev.N.FerTers,Prof.Fnller,F.Jenkin, 
1     C.B.,  F.B.S.  I     Prof.  SteveUy,  Bev.  C.  T.  Whitley. 

Prof.  Cayley,   M.A.,  F.B.S.,  Prof.  Fuller,  F.    Jenkin,  Bev.  G. 
I     F.BJL8.  Buckle,  Prof.  Stevelly. 

W.  Spottiswoode,M.A.,F.B.S.,  Bev.  T.  N.  Hntohinson,  F.  Jenkin,  G. 

F.B.A.S.  ;     S.  Mathews,  Prof.  H.  J.  8.  Smith, 

I  •  i     J.  M.  Wilson. 

'Prof.    Wheatstone,    D.C.L^  FleemingJenkin,ProfJI.J.S. Smith, 
I     F.B.S.  Bev.  8.  N.  Swann. 

Prof.  Sir  W.  Thomson,  D.C.L.,  Bev.  G.  Buckle,  Prof.  G.  C.Foster, 

F.B.S.  Prof.  Fuller,  Prof.  Swan. 

Prof.    J.     Tyndall,     LL.D.,  Prof.  G.  C.  Foster,  Bev.  B.  Harley, 
;     F.B.S.  B.  B.  Hayward. 

Prof.  J.  J.  Sylvester,  LL.D.,  Prof.  G.  C.  Foster,  B.  B.  Hayward, 

F.B.S.  W.  K.  aifford. 

J.     Clerk     Maxwell,     M.A.,  Prof.  W.  G.  Adams,  W.  K.  Clifford, 

LL.D.,F.B.8.  ~  "       ~"     " 


1871.  Edinburgh    Prof.  P.  G.  Tait,  F.B.S.E. 


1873.  Brighton... 

1873.  Bradford... 

1874.  Belfast 

1875.  Bristol 

1876.  Glasgow  ... 

1877.  Plymouth.., 

1878.  Dublin..  .. 

1879.  Sheffield  .. 

1880.  Swansea  .., 

1881.  York 


W.  De  La  Bue,  D.C.L.,  F.B.S. 
Prof.  H.  J.  S.  Smith,  F.B.S.  . 


1882.  Southamp- 
ton. 
1888.  Southport 

1884.  Montreal ... 


Prof.  G.  C.  Foster,  Bev.  W.  Allen 
,     Whitworth. 

Prof.  W.  G.  Adams,  J.  T.  Bottomley, 

I     Prof.  W.  K.  Clifford,  Prof.  J.  D. 

I     Everett,  Bev.  B.  Harley. 

Prof.  W.K.  Clifford,  J.  W.  L.Glaisher, 

Prof.  A.  S.Her8chel,G.F.Bodwell. 

Prof.  W.  K,  Clifford,  Prof.  Forbes,  J. 

W.L.  Glaisher,  Prof.  A.  8.  Herschel. 

Bev.  Prof.  J.  H.  Jellett,  M.A.,  J.W.L.Glaisher,Prof.Herschel,  Ban- 

M.B.I  A.  dal  Nixon,  J.  Perry,  G.  F.  BodwelL 

Prof.  Balfour  Stewart,  M.A.,  Prof. W.F.Barrett, J. W.L. Glaisher, 

LL.D.,  F.B.S.  C.  T.  Hudson,  G.  F.  Bodwell. 

Prof.  Sir  W.  Thomson,  M.A.,  i  Prof.  W.  F.  Barrett,  J.  T.  Bottomley. 
D.C.L.,  F.B.S.  Prof.  G.  Forbes,  J.  W.  L.  Glaisher, 

i     T.  Muir. 
Prof.  G.  C.  Foster,  B.A.,  F.B.S.,  Prof.  W.  F.  Barrett,  J.  T.  Bottomley, 
Pres.  Physical  Soc.  i     J.  W.  L.  Glaisher,  F.  G.  Landon. 

Bev.    Prof.    Salmon,    D.D.,'Prof.  J.  Casey,  G.  F.  Fitzg^ald,  J. 

D.C.L.,  F.B.8.  i     W.  L.  Glaisher,  Dr.  O.  J.  Lodge. 

George    Johnstone    Stoney,  A.  H.  Allen,  J.  W.  L.  Glaisher,  Dr. 

M.A.,  F.B.8.  I     O.  J.  Lodge,  D.  MacAlister. 

Prof .  W.  Grylls  Adams,  M.A.,  W.  B.  Ayrton,  J.  W.  L.  Glaisher, 

F.B.8.  Dr.  O.  J.  Lodge,  D.  MacAlister. 

Prof.  Sir  W.  Thomson,  M«A..,  Prof.  W.  E.  Ayrton,  Dr.  O.J.  Lodge 


LL.D.,  D.C.L.,  F.B.8. 
Bt.  Hon.  Prof.  Lord  Bayleigh, 

M.A.,  F.B.S. 
Prof.  O.  Henrioi,  Ph.D.,  F.B.S. 


D.  MacAlister,  Bev.  W.  Bouth. 
W.  M.  Hicks,  Dr.  O.  J.  Lodge,  D. 

MacAlister,  Bev.  G.  Bichardson. 
W.  M.  Hicks,  Prof.  O.  J.  Lodge, 
<     D.  MacAlister,  Prof.  B.  C.  Bowe. 
Prof.  Sir  W.  Thomson,  M.A.,'C.  Carpmael,  W.  M.  Hicks,  A.  John- 
l     LUD.,  D.C.L.,  F.B.S.  .     son,  O.  J.  Lodge,  D.  MacAlister. 
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Date  and  Place 


1886.  Aberdeen... 

1886.  Biimingfaam 

1887.  Mandiester 

1888.  Bath 


1889.  KewcasUe- 

npon-Tyne 

1890.  Leeds  


1891.  Oaxdiff 

1892.  Bdinbugfa 

1893.  Nottingbam 

1894.  Oxford 

1895.  Ipswich    ... 

1896.  Liverpool... 

1897.  Toronto   ... 
1896.  Bristol 

1899.  Do>Ter  

1900.  Bradford... 

1901.  Glasgow  ... 

1902.  Belfast 


Presidentt 


1903.  Bontbport 


Piof.     O.     Ohiystal,     H.A., 

F.R.S.E. 
Prof.   G.  H.  Darwin,  M.A., 

LLJ).,  P.R,8. 
Plot  Sir  B.  8.  Ball,  M.A.» 

LL.D.,  F.B.8. 
Prof.  G.  F.  Fitsgerald,  H.A., 

F.B.8. 
Capt.  W.  de  W.  Abney,  C.B.. 

B.B.,  F.B.S. 
J.    W.    L.   Glalsber,    Sc.D.» 

F.B.8.,  VJP.R.A.8. 
Prof.   O.    J.    Lodge,    D.Sc., 

LL.D.,  F.B.8. 
Prof.    A.    Schuster,    Ph.D., 

F.B.8.,  F.B.A.S. 
B.T.  Glasebrook,  M.A,  F.R.S. 

Prof.A.W.Biioker.  M.A„F.B.8. 

Prof.   W.    M.    Hicks,    M.A., 

F.R.S. 
Prof.  J.  J.  Thomson,  M.A., 

D.8c.,F.B.8. 

Prof.  A.  B.  Forsyth,  M.A., 

F.B.8. 
Prof.  W.  B.  Ayrton,  F.B.S. ... 

Prof.  J.  H.  Poynting,  FJtS. 

Dr.  J.  Larmor,  FJl.8.— 2^. 
of  AstraJknny^  Dr.  A.  A. 
Ck)mmon,  F.R.S. 

Major  P.  A.  HacMahon,  F.R.S. 
— J)ep.  o/AHronomyf  Prof. 
H.  H.  Tomer,  F.B.8. 

Prof.  J.  Piu8er,LL  JD.,M.B.I.A. 
^Dep,  of  Astronomy^  Prof. 
A.  Schuster,  F.R8. 

C.  Vernon  Boys,  F.R.8.-— 2^. 
of  AHroTiomy  and  Meteor- 
ology, Dr.  W.  N.  Shaw, 
F.R.S. 


Seoreiwries 


R.  E.  Baynes,  B.  T.  Glaiebrook,  Prof. 

W.  M.  Hides,  Prof.  W.  Ingram. 
R.  E.  Baynes,  B.  T.  Glaiebrook,  Prof. 

J.  H.  Poynting.  W.  N.  Shaw. 
R.  E.  Baynes,  B.  T.  Glacebrook,  Prol 

H.  Lambi  W.  N.  Shaw. 
B.  E.  Baynes,  B.  T.  GlaMbrook,  A. 

Lodge,  W.  N.  Shaw. 
R.  £.  Baynes,  B.  T.  Glaiebrook,   A. 

Lodge,  W.  K.  Shaw,  H.  Stroud. 
B.  T.  Glaiebnx^  Prof.  A.  Lodge, 

W.  N.  Shaw,  Piof.  W.  Stroud. 
R.  E.  Baynes,  J.  Larmor,  Prof.  A. 

Lodge,  Prof.  A.  L.  Selby. 
R.  E.  Baynes,  J.  Larmor,  Prof.  A. 

Lodge,  Dr.  W.  Peddie. 
W.  T.  A.  Emtage,  J.  Larmor,  Prof. 

A.  Lodge,  Dr.  W.  Peddie. 
Prof.  W.  H.  Heaton,  Prof.  A.  Lodge, 

J.  Walker. 
Prof.  W.  H.  Heaton,  Prof.  A.  Lodge, 

G.  T.  Walker,  W.  Watson. 
Prof.  W.  H.  Heaton,  J.  L.  Howard, 

Prof.  A.  Lodge.  G.  T.  Walker.  W. 

Watson. 
Prof.  W.  H.  Heaton,  J.  C.  Glashan,  J. 

L.  Howard,  Prof.  J.G.  McLennan. 
A.  P.  Ghattock,  J.  L.  Howard,  C.  H. 

Lees,  W.  Watson,  B.  T.  Whittaker. 
J.  L.  Howard,  0.  H.  Lees,  W.  Wat- 

*8on,  B.  T.  Whittaker. 
P.  H.  Cowell,  A.  Fowler,  C.  H.  Lees, 

C.  J.  L  Wagstaffe,  W.  Watson. 

E.  T.  Whittaker. 
H.  8.  Carslaw,  C.H.  Lees.  W.  Stewart, 

Prof.  L.  R.  Wilberforce. 

H.  S.    Carslaw.    A.   R.  Hinks,    A. 

Larmor,  C.  H.  Lees,  Prof.  W.  B. 

Morton,  A.  W.  Porter. 
D.  £.  Benson,  A.  R.  Hinks,  R.  W. 

H.  T.  Hudson,  Dr.  C.  H.  Lees,  J. 

Loton,  A.  W.  Porter. 


CHEMICAL  SCIENCE. 

COIOIITTEB  or  SCIENCES,  II. — CHBMISTBT,  MIKEBALOOT. 


1832.  Oxford •••••• 

1838.  Cambridge 
1834.  Edinburgh 


1836.  Dublin. 
1836.  Bristol. 


1837.  LiTerpool.. 


John  Dalton,  D.C.L.,  F.R.S. 
John  Dalton,  D.C  Ji.,  F.R.8. 
Dr.Hope 


James  F.  W.  Johnston. 

Prof.  Miller. 

Mr.  Johnston,  Dr.  Ghristison. 


SBCnOll  B. — CHEMISTRT  AND  HINEBALOOT. 

Dr.  T.  Thomson,  F.R.8.  . 
Rev.  Prof.  Gumming  .... 


Michael  Faraday,  F.B.S.., 


Dr.  Apjohn,  Prof.  Johnston. 

Dr.  Apjohn,  Dr.  0.  Henry,  W.  Hera- 
path. 

Prof.  Johnston,  Prof.  Miller,  Dr. 
Beynolds, 
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BEFORT — 1903. 


Date  and  Place 

1838  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 

1843.  Cork 

1844.  York 

1845.  Cambridge 

1846.  Southamp- 

ton. 

1847.  Oxford 

1848.  Swansea  ... 

1849.  Birmingham 

1850.  Edinburgh 

1851.  Ipswich   ... 

1852.  Belfast 

1853.  HuU 

1854.  Liverpool 

1855.  Glasgow  ... 

1856.  Cheltenham 

1867.  Dublin 

1858.  Leeds  

1859.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee    ... 

1868.  Norwich  ... 

1869.  Exeter 

1870.  Liverpool... 

1871.  Edinburgh 

1872.  Brighton ... 


Presidents 


Secretaries 


Bev.  William  Whewell,F.B.S. 

Prof .  T.  Graham,  F.B.S 

Dr.  Thomas  Thomson,  F.E.S. 

Dr.  Daubeny,  F.B.S 

John  Dalton,  D.C.L.,  F.B.S. 

Prof.  Apjohn,  M.R.LA 

Prof.  T.  Graham,  F.R.S 


Bev.  Prof.  Cumming 


Michael    Faraday,    D.C.L., 

F.B.8. 
Rev.  W.  V.  Harcourt,  M.A., 

F.R.8. 

Richard  Phillips,  F.R.S 

John  Percy,  M.D.,  F.R.S 

Dr.  Christison,  V.P.R.S.E.  ... 
Prof.  Thomas  Graham,  F.R.S. 
Thomas  Andrews, M.D.,F.R.S. 

Prof.  J.  F.  W.  Johnston,  M.A., 

F  R  S 
Prof.  W.  A.Miller,  M.D.,F.R.S. 

Dr.  Lyon  Playfair,C.B.,F.R.S. 
Prof.  B.  C.  Brodie,  F.R.S.  ... 

Prof.  Apjohn,  M.D.,  F.R.S., 

M.R.LA. 
Sir  J.  F.  W.  Herschel,  Bart., 

D.C.L. 
Dr.  LyonPlayfair,  C.B.,  F.R.S. 

Prof.  B.  C.  Brodie,  F.R.8 

Prof.  W.A.Miller,  M.D.,F.R.S. 
Prof.  W.H.Miller,  M.A.,B\R.8. 

Dr.    Alex.    W.  Williamson, 

F  R  S 
W.  bdUng,  M.B.,  F.R.S 

Prof.  W.  A.    Miller,    M.D., 

V.P.R.S. 
H.  Bence  Jones,  M.D.,F.R.S. 

Prof.    T.    Anderson,    M.D., 

F.R.S.E. 
Prof.   B.    Frankland,  F.R.S. 
I 
Dr.  H.  Debus,  F.R.S 

Prof.    H.    B.    Roscoe,   B.A., 

F.R.S. 
Prof.  T.  Andrews,  M.D.,F.R.S. 

Dr.  J.  H.  Gladstone,  F.R.S.... 


Prof.  Miller,  H.  L.  Pattinson,  Thomas 

Richardson. 
Dr.  Goldlng  Bird,  Dr.  J.  B.  Melson. 
Dr.  R.  D.  Thomson,  Dr.  T.  Clark, 

Dr.  L.  Playf air. 
J.  Prideaux,  R.  Hunt,  W.  M.  Tweedy. 
Dr.  L.  Playfair,  R.  Hunt,  J.  Graham. 
R.  Hunt,  Dr.  Sweeny. 
Dr.  L.  Playfair,   E.  Solly,   T.  H. 

Barker. 
R.  Hunt,  J.  P.  Joule,  Prof.  Miller, 

B.  Solly. 
Dr.  Miller.  R.  Hunt,  W.  Randall. 

B.  C.  Brodie,  R.  Hunt,  Prof.  Solly. 

T.  H.  Henry,  R.  Hunt,  T.  Williams. 

R.  Hunt,  G.  Shaw. 

Dr.  Anderson,  R.  Hunt,  Dr.  Wilson. 

T.  J.  PearsaU,  W.  S.  Ward. 

Dr.  Gladstone,  Prof.  Hodges,  Prof. 
Ronalds. 

H.  S.  Blundell,  Prof.  R.  Hunt,T.  J. 
Pearsall. 

Dr.  Edwards,  Dr.  Gladstone,  Dr. 
Price. 

Prof.  Frankland,  Dr.  H.  E.  Roscoe. 

J.  Horsley,  P.  J.  Worsley,  Prof. 
Voelcker. 

Dr.  Davy,  Dr.  Gladstone,  Prof.  Sul- 
livan. 

Dr.  Gladstone,  W.  Odling,  R.  Rey- 
nolds. 

J.  S.  Brazier,  Dr.  Gladstone,  G.  D. 
Liveing,  Dr.  Odling. 

A.  Vernon  Harcourt,  G.  D.  Liveing, 
A.  B.  Northcote. 

A.  Vernon  Harcourt,  G.  D.  Liveing. 

H.  W.  Elphinstone,  W.  Odling,  Prof. 
Roscoe. 

Prof.  Liveing,  H.  L.  Pattinson,  J.  C. 
Stevenson. 

A.  V.  Harcourt,  Prof.  Liveing,  B. 


A.  V.  Harcourt,  H.  Adkins,  Prof. 

Wanklyn,  A.  Winkler  Wills. 
J.  H.  Atherton,  Prof.  Liveing,  W.  J. 

Russell,  J.  White. 
A.  Crum  Brown,  Prof.  G.  D.  Liveing, 

W.  J.  Russell. 
Dr.  A.  Crum  Brown,  Dr.  W.  J.  Bus- 

sell,  F.  Sutton. 
Prof.  A.  Crum   Brown,  Dr.  W.  J. 

Russell,  Dr.  Atkinson. 
Prof.  A.  Crum  Brown,  A.  E.  Fletcher, 

Dr.  W.  J.  Russell. 
J.  Y.  Buchanan,  W.  N.  Hartley,  T. 

B.  Thorpe. 
Dr.  Mills,  W.  Chandler  Roberts,  Dr. 

W.  J.  Russell,  Dr.  T.  Wood. 
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Date  and  Place 


Presidents 


Secretaries 


1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 
1882. 

1883. 

1884. 

1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 


Bradford... 

Belfast 

Bristol 

Glasgow  ... 
Plymouth... 

Dublin 

Sheffield  ... 
Swansea  ... 
York 


'Prof.  W.  J.  Russell,  F.R.S.... 

Prof.  A.  Grum  Brown,  M.D., 

F.B.8.B. 
A.  Q.  Vernon  Haroourt,  M.A., 

F.R.8. 
W.  H.  Perkin,  F.R.8 


F.A.Abel,F.R.S.. 


Prof.MaxweU  Simpson,  M.D., 

F.B.8. 
Prof.  Dewar,  M.A.,  F.R.S.  ... 


Joseph  Henry  Gilbert,  Ph.D., 

F.B.S. 
Prof.  A.  W.  Williamson,  F.R.8. 
Southamp-   ,Prof.  G.  D.  Liveing,    M.A., 

ton.  F.R.8. 

Southport     Dr.  J.  H.  Gladstone,  F.R.8... 


Montreal ...  I  Prol  Sir  H.  E.  Rosooe,  Pb J)., 

'     LL.D.,  F.R.8. 
Aberdeen...  Prof.  H.  E.Armstrong,  Ph.D., 

I     F.R.8.,  Sec.  C.S. 
Birmingham  W.  Crookes,  F.R.8.,  V.P.C.S. 

Manchester   Dr.  E.  Schunck,  F.R.8 

Bath Prof.  W.  A.   Tilden,   D.Sc., 

!     F.R.8.,  V.P.C.S. 
Newcastle-    8ir  I.  Lowthian  Bell,  Bart., 
upon-Tyne      D.C.L.,  F.R.S. 
Leeds  Prof.   T.  B.   Thorpe,    B.Sc., 

I     Ph.D.,F.R.S.,  Trees.  C.S. 
Cardiff 'Prof.  W.  C.  Roberts- Austen, 

I     C  B    F  R  S 
Edinburgh  jProf.  H.  McLeod,  F.R.S 

Nottingham  Prof.  J.  Emerson  Reynolds, 

I     M.D.,  D.Sc.,  F.R.8. 
Oxford |Prof.H.B.Dixon,M.A.,F.R.S. 


Dr.  Armstrong,  Dr.  Mills,  W.  Chand- 
ler Roberts,  Dr.  Thorpe. 
Dr.  T.  Cranstonn  Charles,  W.  Chand- 
ler Roberts,  Prof.  Thorpe. 
Dr.  H.  £.  Armstrong,  W.  Chandler 

Roberts,  W.  A.  Tilden. 
W.  Dittmar,  W.  Chandler  Roberts, 

J.  M.  Thomson,  W.  A.  Tilden. 
Dr.  Ozland,  W.  Chandler  Roberts, 

J.  M.  Thomson. 
W.  Chandler  Roberts,  J.  M.  Thom- 
son, Dr.  C.  R.  Tiohbome,  T.  Wills. 
H.  8.  Bell,  W.  Chandler  Roberts, 

J.  M.  Thomson. 
P.  P.  Bedson,  H.  B.  Dixon,  W.  R.  E. 

Hodgkinson,  J.  M.  Thomson. 
P.  P.  Bedson,  H.  B.  Dixon,  T.  Gough. 
P.  Phillips  Bedson,  H.  B.  Dixon, 

J.  L.  Hotter. 
Prof.    P.    Phillips    Bedson,   H.   B. 

Dixon,  H.  Forster  Morley. 
Prof.  P.  Phillips  Bedson,  H.  B.  Dixon, 

T.  McFarlane,  Prof.  W.  H.  Pike. 
Prof.  P.  PhiUipe  Bedson,  H.  B.  Dixon, 

H.ForBtcrMorley4>r.W.J.8impson. 
P.  P.  Bedson,  H.  B.  Dixon,  H.  F.  Mor- 

ley,W.  W.  J.  Nicol,  C.  J.  Woodward. 
Prof.  P.  Phillips  Bedson,  H.  Forster 

Morley,  W.  Thomson. 
Prof.  H.  B.  Dixon,  H.  Forster  Morley, 

R.  B.  Moyle.  W.  W.  J.  Nicol. 
H.  Forster  Morley,  D.  H.  Nagel,  W. 

W.  J.  Nicol,  H.  L.  Pattinson,  jun. 
C.  H.  Bothamley,  H.  Forster  Morley, 

D.  H.  Nagel,  W.  W.  J.  NicoL 
C.  H.  Bothamley,  H.  Forster  Morley, 

W.  W.  J.  Nicol,  G.  8.  Turpin. 
J.  Gibson,  H.  Forster  Morley,  D.  H. 

Nagel,  W.  W.  J.  Nicol. 
J.  B.  Coleman,  M.  J.  R.  Dunstan, 

D.  H.  Nagel,  W.  W.  J.  Nicol. 
A.  Colefax,  W.  W.  Fisher,  Arthur 

Harden,  H.  Forster  Morley. 


SEcnoK  B  (carUinued), — ohemistrt. 


1895.  Ipswich 

1896.  Lirerpool 

1897.  Toronto 


1898.  Bristol... 

1899.  Dorer  ... 

1900.  Bradford 

1901.  Glasgow 


Prof.  R.  Meldola,  F.R.S. .. 

Dr.  Ludwig  Mond,  F.R.S. 
Prof.  W.  Ramsay,  F.R.S... 


I  Prof.  F.  R.  Japp,  F.R.S 

'Horace  T.  Brown,  F.R.S 

iProf.  W.  H.  Perkin,  F.RS. ... 
I  Prof.   Percy  F.    Frankland, 

I   F.R.a 


E.  H.  Fison,  Arthur  Harden,  C.  A. 

Kohn.J.  W.Rodger. 
Arthur  Harden,  C.  A.  Kohn. 
Prof.  W.  H.  Ellis,  A.  Harden,  C.  A. 

Kohn,  Prof.  R.  F.  Rnttan. 
C.  A.  Kohn,  F.  W.  Stoddart,  T.  K. 

Rose. 
A.  D.  Hall,  C.  A.  Kohn,  T.  K.  Rose, 

Prof.  W.  P.  Wynne. 
W.  M.  Gardner,  F.  8.  Kipping,  W. 

J.  Pope,  T.  K.  Rose. 
W.  C.  Anderson,  G.  G.  Henderson, 

W.  J.  Pope,  T.  K.  Rose.  jOOQIC 
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BIPOBT — 1903. 


Date  and  Place 


1902.  Belfast. 


Preiidents 


Prof.  E.  Dirers,  F.R,S.. 


1903.  Sonthport    jProf.  W.  N.  Hartley,  D.Sc, 
I     F.R.S. 


Secreittriet 


R.  F.  Blake,  M.  O.  Fonter,  Prof. 
G.  G.  Henderson,  Prof.  W.  J.  Pope. 

Dr.  M.  O.  Forster,  Prot  G.  G.  Hen- 
derson, J.  Ohm,  Prof.  W.  J.  Pope. 


GEOLOGICAL  (and,  until  1851,  GEOGRAPHICAL)  SCIENCE. 

COMMITTBE  OF  80IENCES,   in.— QBOLOGT  AND  GBOGBAPHT. 


1882.  Oxford 

1833.  Cambridge. 

1834.  Sdinbnrgh. 


R.  I.  Morchison,  F.R.S 'John  Taylor. 

G.  B.  Greenongb,  F.B.S IW.  Lonsdale,  John  Phillips. 

Prof.  Jameson  J.  Phillips,  T.  J.  Torrie,BeT.  J.  Yates. 


SECTION  0.-— OEOLOGT  AND  GEOOBAPHT. 


1835.  Dublin. 

1836.  Bristol . 


1837.  Liverpool... 

1838.  Newcastle.. 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 


IR.  J.  Griffith 

'Rev.  Dr.  Buckland^  F.R.8.— 
I     {7M^.,R.LMarchison,F.R.S. 

Rev.  Prof.  Sedgwick,  F.R.8.-- 
^^.,G.B.Greenoiigh,F.RJ3. 

C.  LyeU,  F.R.S.,  V.P.G.S.— 
I  Geography^  Lord  Pnidhoe. 
;  Rev.  Dr.  Buckland,  F.R.8.— 
I    (74M^.,G.B.Greenoagh,F.R.S. 

Charles  LyeU,  F.R.S.— fif^y., 
G.  B.  Greenough,  F.R.8. 

H.  T.  De  la  Beche,  F.R.8.  ... 


1842.  Manchester  R.  L  Morchison,  F.R.S 

1843.  Cork i  Richard  E.  Griffith,  F.R.S. . 

1844.  York |  Henry  Warburton,  Pres.  G.  S. 

1845.  Cambridge.. Rev.  Prof.  Sedgwick,  M.A. 

!     F.R.S. 

1846.  Sonthamp-  .Leonard  Homer,  F.R.8 

ton. 

1847.  Oxford i  Very  Rcv.Dr.Buckland,F.R.8. 


1848.  Swansea  ...  Sir  H.  T.  De  la  Beche,  F.R.S. 
1849.Birmingham  I  Sir  Charles  Lyell,  F.R.S 

1850.  Edinburgh  >    Sir  Roderick   I.  Murchison, 
1     F.R.8. 


Captain  Portlook,  T.  J.  Torrie. 
William   Sanders,    S.    Stutohbniy, 

T.  J.  Torrie. 
Captain  Portlock,  R.  Hunter. — Gee- 

graphy^  Capt.  H.  M.Denham,B.N. 
W.  C.  Trevelyan,  Capt.  Portlock.— 

Geography  t  Capt.  Washington. 
George  Lloyd,  M.D.,  H.  E.  Strick- 

land,  Chiurles  Darwin. 
W.  J.  Hami]ton,D.  Milne,  H.  Murray, 

H.  B.  Strickland,  J.  Secular. 
W.  J.  Hamilton,Edward  Moore,  M.D., 

R.  Hutton. 

E.  W.  Binney,  R.  Hutton,  Dr.  R. 
Lloyd,  H.  E.  Strickland. 

F.  M.  Jennings,  H.  E.  Strickland. 
Prof.  Ansted,  E.  H.  Bnnbury. 

!  Rev.  J.  C.  Gumming,  A.  C.  Ramsay* 

Rev.  W.  Thorp. 
Robert  A.  Austen,  Dr.  J.  H.  Norton » 

Prof.  Oldham,  Dr.  C.  T.  Beke. 
Prof.  Ansted,  Prof.  Oldham,  A.  C. 

Ramsay,  J.  Ruskin. 
S.Benson,Prof.01dham,Prof.  Ramsay 
I  J.  B.  Jukes,  Prof.  Oldham,  A.  C. 
I     Ramsay. 

I  A.  Keith  Johnston,  Hugh  Miller^ 
t     Prof.  Nicol. 


1851.  Ipswich 

1852.  Belfast.. 


1855.  Glasgow 


SECTION  0   (con^tMie(2).— GEOLOGY. 


1858.  Hull 

1854.  Liverpool.. 


WilliamHopkins,M.A.,F.R.S. 

Lieut-CoL    Portlock,    R.E., 
F.R.S. 

Prof.  Sedgwick,  F.R.S 

Prof.  Edward  Forbes,  F.R.S. 

Sir  R.  L  Murchison,  F.R.8.... 


C.  J.  F.  Bunbury,  G.  W.  Ormerod, 

Searles  Wood. 
James    Bryce,    James    MaoAdam, 

Prof.  M'Coy,  Prof.  Niool. 
Prof.  Harkness,  William  Lawton. 
John  Cunningham,  Prof.  Harkness, 

G.  W.  Ormerod,  J.  W.  Woodall. 
J.  Bryce,  Prof.  Harkness,  PtotNlooL 


'Geography  was  oonstituted  a  separate  Section,  see  pap  Ixv. 

Digitized  by  VjOOQ IC 


PRESIDENTS  AND  gSOBBTABIBS  OF  THE  8E0TION8. 


Uz 


Date  juad  Place 


1856.  Cheltenham 


1867.  Dublin 

1858.  Leeds  

1869.  Aberdeen.. 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1S67.  Dundee 

1868.  Norwich 


1869.  Exeter 

1870.  Liverpool.. 

1871.  Edinburgh 

1872.  Brighton... 

1873.  Bradford... 

1874.  Belfast... 


1875.  Bristol 

1876.  Gla^;ow  .. 

1877.  Plymouth.. 

1878.  Dublin 


1879.  Sheffield  ... 

1880.  Swansea  ... 

1881.  York. 

1882.  Sonthamp- 

ton. 

1883.  Southport 

1884.  Montreal .. 

1885.  Aberdeen.. 

1886.  Birmingham 

1887.  Manchester 


Presidents 


Prof.  A.  C.  Bamsaj,  F.B.S.... 

The  Lord  Talbot  de  Malahide 

William  Hopkins,M.A.,  F.R.8. 

Sir    Charles    Lyell,    LL.D., 

D.C.L.,  F.R.S. 
Rev.  Prof.  Sedgwick,  F.R.S... 

Sir  R.  L  Murchison,  D.C.L., 

LL.D.,  F.R.8. 
J.  Beete  Jukes,  M.A.,  F.R.S. 

Prof.  Warington  W.  Smyth, 

F.R.8.,  F.G.a 
Prof.    J.     PhiUips,    LL.D., 

F.R.S.,  F.G.S. 
Sir  R.  I.  Murchison,  Bart, 

K.C.B.,  F.R.S. 
Prof.  A.  C.  Ramsay,  LL.D., 

F.R.S. 

Archibald  Geikie,  F.R.S 

R.    A.    C.    Godwin-Austen, 

F.R.S.,  F.G.S. 
Prof.    R.    Harkness,  F.R.S., 

F.G.S. 
Sir  Philip  de  M.Grey  Egerton, 

Bart.,  M.P.,  F.R.S. 
Prof.  A.  Geikie,  F.R.S.,  F.G.S. 

R.    A.    C.    Godwin-Austen, 

F.R.S.,  F.G.S. 

Prof.  J.  PhiUips,  F.R.S 

Prof.    Hull,    M.A.,    F.R.S., 

F.G.S. 
Dr.  T.  Wright,  F.R.S.B.,  F.G.S. 
Prof.  John  Toung,  M.D. ... 


W.  Pengelly,  F.R.S.,  F.G.S. 

John  Evans,  D.C.L.,  F.R.S., 

RS.A.,  F.G.S. 
Prof.  P.  M.  Duncan,  F.R.S. 
H.  C.  Sorby,  F.R.8.,  F.G.S.... 
A.  C.  Ramsay,  LL.D.,  F.R.S., 

F.G.S.       . 
R.  Btheridge,  F.R.S.,  F.G.S. 

Prof.    W.     C.     Williamson, 

LL.D..  F.R.S. 
W.  T.  Blanford,  F.R.8.,  Sec. 

G.S. 
Prof.  J.  W.  Judd,  F.R.S.,  Sec. 

G.8. 
Prof.  T.    G.  Bonney,  D.Sc, 

LL.D.,  F.R.S.,  F.G.S. 
Henry     Woodward,    LL.D., 

F.R.8.,  F.G.S. 


Secretaries 


Rev.  P.  B.  Brodie,  Rev.  R.  Hep- 
worth,  Edward  Hull,  J.  Soougall, 

T.  Wright. 
Prof.  Harkness,  G.  Sanders,  R.  H. 

Scott. 
Prof.  Niool,  H.  C.  Sorby,  E.  W. 

Shaw. 
Prof.  Harkness,  Rev.  J.  Longmuir, 

H.  C.  Sorby. 
Prof.   Harkness,    E.  Hull,   J.    W. 

Woodall. 
Prof.  Harkness,   Edward   Hull,  T. 

Rupert  Jones,  G.  W.  Ormerod. 
Lucas    Barrett,    Prof.    T.    Rupert 

Jones,  H.  C.  Sorby. 
E.  F.  Boyd,  John  Daglish,  H.  C. 

Sorby,  Thomas  Sopwith. 
W.  B.  bawkins,  J.  Johnston,  H.  C. 

Sorby,  W.  Pengelly. 
Rev.  P.  B.  Brodie,  J.  Jones,  Rev.  E. 

Myers,  H.  C.  Sorby,  W.  Pengelly. 
R,  Btheridge,  W.  Pengelly,  T.  Wil- 

son,  G.  H.  Wright. 

E.  Hull,  W.  Pengelly,  H.  Woodward. 
Rev.  O.  Fisher,  Rev.  J.  Gunn,  W. 

Pengelly,  Rev.  H.  H.  Winwood. 
W.  Pengelly,  W.  Boyd    Dawkins, 

Rev.  H.  H.  Winwood. 
W.  Pengelly,  Rev.  H.  H.  Winwood, 

W.  Boyd  Dawkins,  G.  H.  Morton. 
R.  Etheridge,  J.  Geikie,  T.  McKenny 

Hughes,  L.  C.  Miall. 
L.  C.  Miall,  George  Scott,  William 

Topley,  Henry  Woodward. 
L.C.MiaU,R.H.Tiddeman,W.Topley. 

F.  Drew,  L.  C.  Miall,  R.  G.  Symes, 
R.  H.  Tiddeman. 

L.  C.  Miall,  E.  B.  Tawney,  W.  Topley. 

J.  Armstrong,  F.  W.  Rudler,  W. 
Topley. 

Dr.  Le  Neve  Foster,  R.  H.  Tidde- 
man, W.  Topley. 

E.  T.  Hardman,  Prof.  J.  O'Reilly, 
R.  H.  Tiddeman. 

W.  Topley,  G.  Blake  Walker. 

W.  Topley,  W.  Whitaker. 

J.  B.  Clark,  W.  Keeping,  W.  Topley, 
W.  Whitaker. 

T.  W.  Shore,  W.  Topley.  E.  West- 
lake,  W.  Whitaker. 

R.  Betley,  C.  E.  De  Ranoe,  W.  Top- 
ley,  W.  Whitaker. 

F.  Adams,  Prof.  B.  W.  Claypole,  W. 
Topley,  W.  Whitaker. 

C.  E.  De  Ranee,  J.  Home,  J.  J.  H. 
Teall,  W.  Topley. 

W.  J.  Harrison,  J.  J.  H.  Teall,  W. 
Topley,  W.  W.  Watts. 

J.  E.  Marr.  J.  J.  H.  Teall,  W.  Top- 
ley,  W.  W.  Watts,       f     r^^^i^ 
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BEPORT — 1903. 


Date  and  Place 


1888.  Bath 

1889.  Kewcastle- 
npon-Tjrne 

1890.  Leeds  

1891.  Cardiff 

1892.  Edinburgh 

1893.  Nottingham 

1894.  Oxford 

1895.  Ipewich    ... 

1896.  Liverpool... 

1897.  Toronto    ... 

1898.  Bristol 

1899.  Dover  

1900.  Bradford... 

1901.  Glasgow  ... 

1902.  Belfast 

1903.  Sonthport 


Presidents 


Prof.  W.  Boyd  Dawkins,  M.A., 

F.B.S.,  F.G.S. 
Prof.  J.  Geikie,  LL.D.,  D.C.L., 

F.R.S.,  F.G.8. 
Prof.   A.    H.    Green,    M.A., 

F.R.8.,  F.G.S. 
Prof.  T.  Rupert  Jones,  F.R.S., 

F.G.S. 
Prof.    C.    Lapworth,    LL.D.y 

F.R.6.,  F.G.S. 
J.  J.  H.  Teall,  M-A^  F.R.S., 

F.G.S. 
L.  Fletcher,  M.A.,  F.R.S.    ... 

W.  Whitaker,  B.A..  F.B.S.  ... 

J.  B.  Marr,  M.A.,  F.R.S 

Dr.  G.  M.  Dawson,  C.M.G., 

F.R.S. 
W.  H.  Hadleston,F.R.S 

Sir  Archibald  Geikie,  F.RS. 

Prof .  W.  J.  Sollas,  F.R.S.    ,. 

John  Home,  F.R.S 

Lient.-Gen.  C.  A.  MoMahon, 

F.R.8. 
Prof.    W.   W.  Watts,   M.A., 

MJ3c. 


Secretaries 


Prof.  G.  A.  Lebour,  W.  Toplej,  W. 

W.  Watts,  H.  B.  Woodward. 
Prof.  G.  A.  Lebour,  J.  E.  Marr,  W. 

W.  Watts,  H.  B.  Woodward. 
J.  E.  Bedford,  Dr.  F.  H.  Hatch,  J. 

E.  Marr,  W.  W.  Watts. 
W.  Galloway,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
H.  M.  Cadell,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
J.  W.  Carr,  J.  E.  Marr,  CSement 

Reid,  W.  W.  Watts. 
F.  A.  Bather,  A.  Harker,  Clemeoib 

Reid,  W.  W.  Watts. 

F.  A.  Bather,  G.  W.  Lamplugh,  H. 
A.  Miers,  Clement  Reid. 

J.  Lomas,  Prof.  H.  A.  Miers,  C.  Raid. 
Prof.  A.  P.  Coleman,  G.  W.  Lamp- 
luRh,  Prof.  H.  A.  Miers. 

G.  W.  Lamplugh,  Prof.  H.  A.  Miers, 
H.  Pentecost. 

J.  W.  Gregory,  G.  W.   Lamplugh, 

Capt  McDakin,  Prof.  H.  A.  Miers. 
H.  L.  Bowman,  Rev.  W.  L.  Carter, 

G.  W.  Lamplugh,  H.  W.  Monckton. 
H.  L.  Bowman,  H.  W.  Monckton. 
H.  L.  Bowman,  H.  W.  Monckton, 

J.  St.  J.  Phillips,  H.  J.  Seymour. 
H.  L.  Bowman,  Rev.  W.  L.  Carter, 

J.  Lomas,  H.  W.  Monckton. 


BIOLOGICAL  SCIENCES. 

COMMITTEE  OF  8CIEN0ES,  lY. — ZOOLOGT,  BOTANY,  PHTSIOLOOT,  ANATOMT. 


1832.  Oxford 

1833.  Cambridge  > 

1834.  Edhihurgh. 


Rev,  P.  B.  Duncan,  F.G.S.  ...  I  Rev.  Prof.  J.  a  Henslow. 
Rev.  W.  L.  P.  Gamons,  F.L.6.'  C.  C.  Babington,  D.  Don. 
Prof.  Graham W.  Yarrell,  Prof.  Burnett. 


SECTION  D. — ZOOLOGY  AND  BOTANY. 


1835.  Dublin. 

1836.  Bristol. 


1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Bfanchester 


1843.  Cork. 


W.  8.  MaoLeay 

Sir  W.  Jardhie,  Bart. 


Dr.  Allman J.  Curtis,  Dr.  Litton. 

Rev.  Prof.  Henslow J.  Curtis,  Prof.  Don,  Dr.  Riley,  8. 

Rootsey. 
C.  C.  Babington,  Rev.  L.  Jenyns,  W. 

Swainson. 
J.  B.  Gray,  Prof.  Jones,  R.  Owen, 

Dr.  Richiirdson. 
E.  Forbes,  W.  Ick,  R.  Patterson. 
Prof.  W.  Couper,  B.  Forbes,  R.  Pat- 

terson. 
J.  Couch,Dr.  Lankester,  R.  Patterson. 
Hon.  and  Very  Rev.  W.  Her- >  Dr.  Lankester,  R.  Patterson,  J.  A. 

bert,  LL.D.,  F.L.S.  Turner. 

William  Thompson,  F.L.8....G.  J.  Allman,   Dr.    Lankester,  R. 
I     Patterson. 


Prof.  Owen,  F.R.S , 

Sir  W.  J.  Hooker,  LL.D. , 


John  Richardson,  M.D.,F.R.8. 


I  At  this  Meeting  Physiology  and  Anatomy  were  made  a  separata  Committee, 
for  Presidents  and  Secretaries  ol  ^ich  see  p.  Ijdv. 
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Date  and  Place 

Presidents 

Secretaries 

1844.  York 

Very  Bev.  the  Dean  of  Man- 
chester. 

Bev.  Pirof.  Henslow,  F.Ii.R.... 

Sir  J.   Richardson,   M.D., 
F.B.8. 

H.  B.  Strickland,  MJL,  F.B.8. 

Prof.  AUman,  H.  Qoodsir,  Dr.  King, 

Dr.  Lankester. 
Dr.  Lankester,  T.  Y.  Wollaston. 
Dr.  Lankester,  T.  Y.  Wollaston,  H. 

Wooldridge. 
Dr.  Lankester,  Dr.  Melville,  T.  V. 

Wollaston. 

1845.  Cambridge 

1846.  Sonthamp- 

ton. 

1847.  Oxford...... 

BscnoN  B  (eanUnued), — zooloqt  and  botant,  ikcludino  phtsioloot. 

[For  the  Presidents  and  Secretaries  of  the  Anatomical  and  Physiological  Sab- 
sections  and  the  temporary  Section  B  of  Anatomy  and  Medicine,  see  p.  Iriv.] 


1848.  Swansea  ... 

1849.  Birmingham 
180a  Edinburgh 

1861.  Ipswich   ... 

1863.  Belfast 


1858.  HnU 

1864.  Liverpool... 
1866.  Olasgow  ... 

1866.  Cheltenham 

1867.  Dublin 

1868.  Leeds  

1869.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 
18<3.  Newcastle 


1864.  Bath. 


1866.  Birming. 
ham' 


L.W.Dmwyn,F.B.S., 


William  Spence,  F.B.S 

Prof.  Goodsir,  F.B.S.  L.  &  E. 


Bev.  Prof.  Henslow,  M.A., 

F.B.S. 
W.  Ogilby 


0.  C.  Babington,  M.A.,  F.B.S. 
Prof.  Balfour,  M.D.,  F.B.8.... 
Bev.  Dr.  Fleeming,  F.B.S.E. 
Thomas  Bell,  F.B.S.,  Pres.L.S. 

Prof.  W.  H.  Harvey,  M.D., 

F.B.S. 
G.  0.  Babington,  M.A.,  F.B.S. 

Sir  W.  Jardine,  Bart,  F.B.S.E. 

Bev.  Prof.  Henslow,  F.L.S.... 

Prof.  C.  C.  Babington,  F.B.S. 


Prof.  Huxley,  F.B.S 

Prof.  Balfour,  M.D.,  F.B.S.... 

Dr.  John  E.  Gray,  F.B.S.    ... 

T.  Thomson,  M.D.,  F.B.S.  ... 


Dr.  B.  Wilbraham  Falconer,  A.  Hen- 

frey,  Dr.  Lankester. 
Dr.  Lankester,  Dr.  Bussell. 
Prof.  J.  H.  Bennett,  M.D.,  Dr.  Lan* 

kester,  Dr.  Douglas  Madagan. 
Prof.  Allman,  F.  W.  Johnston,  Dr.  E. 

Lankester. 
Dr.  Dickie,  George  C.  Hyndman,  Dn 

Edwin  Lankester. 
Bobert  Harrison,  Dr.  E.  Lankester. 
Isaac  Byerley,  Dr.  E.  Lankester. 
William  Keddie,  Dr.  Lankester. 
Dr.  J.  Abercrombie,  Prof.  Buokman, 

Dr.  Lankester. 
Prof.  J.  B.  Kinahan,  Dr.  E.  Lankester, 

Bobert  Patterson,  Dr.  W.  E.  Steele. 
Henry  Denny,  Dr.  Heaton,  Dr.  E. 

Lankester,  Dr.  E.  Perceval  Wright. 
Prof.  Dickie,  M.D.,  Dr.  E.  Lankester, 

Dr.  Ogilvy. 
W.  S.  Church,  Dr.  E.  Lankester,  P. 

L.  Sclater,  Dr.  E.  Perceval  Wright. 
Dr.  T.  Aloock,  Dr.  E.  Lankester,  Dr. 

P.  L.  Sclater,  Dr.  E.  P.  Wright. 
Alfred  Newton,  Dr.  B.  P.  Wright. 
Dr.  E.  Charlton,  A.  Newton,  Bov.  H. 

B.  Tristram,  Dr.  E.  P.  Wright. 
H.  B.  Brady,  C.  E.  Broom,  H.  T. 

Stainton,  Dr.  E.  P.  Wright. 
Dr.  J.  Anthony,  Bev.  C.  Cfiirke,  Bev. 

H.  B.  Tristram,  Dr.  E.  P.  Wright. 


SECTION  D  (continued), — BIOLOGT. 


1866.  NoUingham 


1867.  Dundee 


1868.  Norwich 


Prof.  Huxley,  F.B.S.— D^^;. 

of  Phytiohy  Prof.  HumphiV, 

F.B.S.— J9ip.  afAnthropol, 

A.  B.  Wallace. 
Prof.  Sharpey,  M.D.,  Sec.  B.S. 

—Dep.  qf  ZooL  and  Bat., 

George  Busk,  M.D.,  F.B.S. 
Bev.  M.  J.  Berkeley,  F.L.8. 

—Ik^.  of  Pkyiiologyt  W. 

H.  Flower,  F.B.S. 


Dr.  J.  Beddard,  W.  Felkin,  Bev.  H. 
B.  Tristram,  W.  Turner,  E.  B. 
Tylor,  Dr.  E.  P.  Wright. 

C.  Spence  Bate,  Dr.  S.  Cobbold,  Dr. 

M.  Foster,  H.  T.  Stainton,  Bev. 

H.  B.  Tristram,  Prof.  W.  Turner. 
Dr.  T.  S.  Cobbold,  G.  W.  Firth,  Dr. 

M.  Foster,  Prof.  Lawson,  H.  T. 

Stainton,  Bev.  Dr.  H.  B.  Tristram, 

Dr.  E.  P.  Wright. 


*  The  title  of  Section  D  was  ohimged  to  Biology. 
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1869.  Exeter. 


1870.  Liyeipool.. 


1871.  Edinburgh 


1872.  Brighton  ... 


1873.  Bradford  ... 


187i.  Belfast. 


1875.  Bristol ... 


1876.  Glasgow 


1877.  Plymouth... 


1878.  Dublin 


1879.  Sheffield  ... 


1880.  Swansea  ... 


1881.  York.. 


George  Busk,  F.B.S.,  F.L.S. 
— Dep,  of  But,  and  ZooL, 
C.  Spence  Bate,  F.B.S.— 
Dep.qfEtkno.,  E.  B.  Tylor. 

Prof.  G.  Bolleston,  M.A.,  M.D., 
F.B.S.,  F.L.S.— 2%>.  of 
Anat.  and  Physiol^  Prof.  M. 
Foster,  M.D.,  F.L.S.— 2><Jp, 
ofJSthne.,  J.  Evans,  F.B.S. 

Prof.  Allen  Thomson,  M.D., 
F.R.S.— 2>ffp.  of  Bat.  and 
2iwZ.,Prof.WyvilleThomson, 
F.B.S.— /tei;.  ^  Anthropol, 
Prof.  W.  Turner,  M.D. 

Sir  J.  Lubbock,  Bart.,F.R.8.— 
Dep,  of  Anat,  and  PkytioU, 
Dr.  Burdon  Sanderson, 
F.R.S.— 2)^.  ofAnthropol, 
Col.  A.  Lane  Fox,  F.G.S, 

Prof.  AUman,  F.B.S.— 2><jp.  qf 
AnatMndPkynoUVtot,  Ru- 
therford, M.D. — D^,  ofAn- 
thnmoLy  Dr.  Beddoe,  F.B.S. 

Prof.  Kedfem,  MLJi,—Dep,  of 
ZooL  and  Bat.,  Dr.  Hooker, 
C.B.,Pre8.R.S.— Z^rp.o/'-An- 
throp.,  Sir  W.  R.  Wilde, 
M.D. 

P.  L.  Sclater,  F.^.S.—Dep.qf 
Anat,  and  PhyHol,  Prof, 
aeland,  F.R.8.— 2>e^.  of 
-4n<A.,Prof.Rolleston,F.R.S. 

A.  Russel  Wallace,  F.L.8.— 
Dep,  of  Zool,  and  Bat., 
Prof.  A.  Newton,  F.B.S.— 
Dep,  of  Anat,  and  PhvrioL, 
Dr.  J.  G.  McKendrick. 

J.  Gwyn  Jeffreys,  F.B.S.— 
Dep,  of  Anat,  and  PhynoL, 
Prof.  Macalister. — Dip,  qf 
Anthnfpol„F,QaXU}n,V,B„b, 

Prof.  W.  H.  Flower,  F.B.S.— 
Ihp,  of  AnthrepoL,  Prof. 
Huxley,  Sec  R.S.— 2>fp. 
of  Anat.  and  PhyHol^  R. 
McDonnell,  M.D.,  F.B.S. 

Prof.  St.  George  Mivart, 
F.R.S.— Z><?i?.  of  AtUkropol, 
B.  B.  Tylor,  D.C.L.,  F.R.S. 
— Dep,  of  Anat,  and  Phy- 
Hol, Dr.  Pye-Smith. 

A.C.  L.  Gttnther,F.R.S.— Dfjp. 
qf  Anat,  4-  PhyHol,,  F.  M. 
Balfour,  F.B.S.— Zte??.  of 
Anthropol,  F.  W.  Rudler. 

R.  Owen,  F.R.S.— i><r??.  ofAn- 
tkropol,.  Prof.  W.H.  Flower, 
F.B.8.— JD^.  of  Anat,  and 
PhyHol.,  Prof.  J.  S.  Burdon 
Sanderson,  F.R.S.  I 


Dr.  T.  S.  CJobbold,  Prof.  M.  Foster, 
E.  Ray  Lankester,  Prol  Lawson, 
H.  T.  Stainton,  Rey.  H.  B.  Tris- 
tram. 

Dr.  T.  S.  Cobbold,  Sebastian  Evans, 
Prof.  Lawson,  Thos.  J.  Moore,  H. 
T.  Stainton,  Rev.  H.  B.  Tristram, 
C.  Staniland  Wake,  E.  Ray  Lan- 
kester. 

Dr.  T.  R.  Fraser,  Dr.  Arthur  Gamgee, 

E.  Ray  Lankester,  Prof.  Lawson, 
H.  T.  Stainton,  C.  Staniland  Wake, 
Dr.  W.  Rutherford,  Dr.  Kelbume 
King. 

Prof.  Thiselton-Dyer,H.  T.  Stainton, 
Prof.  Lawson,  F.  W.  Rudler,  J.  H. 
Lamprey,  Dr.  Gamgee,  E.  Ray 
Lankester,  Dr.  Pye-Smith. 

Prof.  Thiselton-Dyer,  Prof.  Lawson, 
R.  M<Lachlan,  Dr.  Pye-Smith,  B. 
Ray  Lankester,  F.  W.  Rudler,  J. 
H.  Lamprey. 

W.  T.  Thiselton-Dyer,  R.  O.  Cunning- 
ham, Dr.  J.  J.  Charles,  Dr.  P.  H. 
Pye-Smith,  J.  J.  Murphy,  F.  W. 
Rudler. 

E.  R,  Alston,  Dr.  McKendrick,  Prof. 

W.  R.  M*Nab,  Dr.  Martyn,  F.  W. 

Rudler,  Dr.  P.  H.  Pye-Smith,  Dr. 

W.  Spencer. 
B.   R.    Alston,  Hyde   Clarke,   Dr. 

Knox,  Prof.  W.  R.   M*Nab,  Dr. 

Muirhead,  Prof.   Morrison  Wat* 

son. 

B,  R.  Alston,  F.  Brent,  Dr.  D.  J. 
Cunningham,  Dr.  C.  A.  Hingston, 
Prof.  W.  R.  M'Nab,  J.  B.  Rowe, 

F.  W.  Rudler. 

Dr.  R.  J.  Harvey,  Dr.  T.  Hayden, 
Prof.  W.  R.  M«Nab,  Prof.  J.  M. 
Purser,  J.  B.  Rowe,  F.  W.  Rudler. 


Arthur  Jackson,  Prof.  W.  R.  M«Nab, 
J.  B.  Rowe,  F.  W.  Rudler,  Prof. 
Schftfer. 


G.  W.  Bloxam,  John  Priestley, 
Howard  Saunders,  Adam  Sedg- 
wick. 

G.  W.  Bloxam,  W.  A.  Forbes,  Rev. 
W.  C.  Hey,  Prof.  W.  R.  M'Nab, 
W.  North,  John  Priestley,  Howard 
Saunders,  H»  E.  Spencer. 
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Bute  and  Place 


Fresidenta 


1882.  Santhamp* 
ton. 


1883.  SoQthport* 

1884.  Montreal  ... 

1885.  Aberdeen... 

1886.  Birmingham 

1887.  Manchester 

1888.  Bath 


1889.  Newcastle- 
npon-Tyne 


1890.  Leeds  . 

1891.  Cardiff. 


1892.  Edinburgh 
1893.KoUingham* 

1894.  Oxford*  ... 


Prof.  A.  Gamgee,  M.D.,  F.R.S. 
^Bep.  rf.  Zool»  and  Bat,t 
Pro!  M.  A.  Lawson,  F.L.S. 
— Dep.  of  AntkrcpoLt  Prof. 
W.  Boyd  Dawkins,  F.B.S. 

Prof.  B.  BayLankester.M-A., 
F.B.S.— 2^.  ofAnthropol, 
W.  Pengelly,  F.R.8. 

Prof.  H.  N.  Moseley,  M.A., 

F.R.S. 
Prof.  W.  C.  M'Intosh,  M.D., 

LL.D.,  F.R.S.,  F.R.8.E. 

W.  Carruthers,  Pres.  L.S., 
F.B.8.,  F.G.8. 

Prof.  A.  Newton,  M.A.,  F.R.S., 
F.L.8.,  V.P.Z.S. 

W.  T.  Thiselton-Dyer,  C.M.G., 
F.R.S.,  F.L.8. 

Prol  J.  S.  Burden  Sanderson, 
M.A.»  M.D.,  F.R.S. 

Prof.  A.  Milnes  Marshall, 
M.A.,  M.D.,  D.Sc.,  F.B.8. 

Francis  Darwin,  M.A.,  M.B., 
F.R.S.,  F.L.S. 

Prof.  W.  Rutherford,  M.D., 

F.R.S.,  F.R.8.B. 
Rev.  Canon  H.  B.  Tristram, 

MJL.,  LL.D.,  F.R.8. 

Prof.  I.  Bayley  Balfour,  M.A., 
FJLS. 


Secretaries 


O.  W.  Bloxam,  W.  Heape,  J.  B. 
Nias,  Howard  Saunders,  A.  Sedg* 
wick,  T.  W.  Shore,  jun. 


G.  W.  Bloxam,  Dr.  G.  J.  Haslam, 

W.  Heape,  W.  Hurst,  Prof.  A.  M. 

Marshall,  Howard  Saunders,  Dr. 

G.  A.  Woods. 
Prof.  W.  Osier,  Howard  Saunders,  A. 

Sedgwick,  Prof.  R.  R.  Wright. 
W.  Heape,  J.  McGregor-Robertson, 

J.    Duncan    Matthews,   Howard 

Saunders,  H.  Marshall  Ward. 
Prof.  T.  W.  Bridge,  W.  Heape,  Prof. 

W.  HiUhouse,  W.  L.  Sclater,  Prof. 

H.  Marshall  Ward. 
C.  Bailey,  F.  E.  Beddard,  8.  F.  Har- 

mer,  W.  Heape,  W.  L.  Sclater, 

Prof.  H.  Marshall  Ward. 
F.  B.  Beddard,  S.  F.  Harmer,  Prof. 

H.  Marshall  Ward,  W.  Gardiner, 

Prof.  W.  D.  Halliburton. 
C.  Bailey,  F.  B.  Beddajd,  S.  F.  Har- 
mer, Prof.  T.  Oliver,  Prof.  H.  Mar- 

shall  Ward. 
8.  F.  Harmer,  Prof.  W.  A.  Herdman, 

8.  J.  Hickson.  F.  W.  Oliver,  H. 

Wager,  H.  Marshall  Ward. 

F.  E.  Beddard,  Prof.  W.  A.  Herdman, 
Dr.  S.  J.  Hickson,  G.  Murray,  Prof. 
W.  N.  Parker,  H.  Wager. 

G.  Brook,  Prof.  W.  A.  Herdman,  G. 
Murray,  W.  Stirling,  H.  Wager. 

G.  C.  Bourne,  J.  B.  Farmer,  Prof. 

W.  A.  Herdman,  8.  J.  Hickson, 

W.  B.  Ransom,  W.  L.  Sclater. 
W.  W.  Benham,  Prof.  J.  B.  Farmer, 

Prof.  W.  A.  Herdman,  Prof.  8.  J. 

Hickson,  G.  Murray,  W.  L.  Sclater. 


BBcnoN  D  {continued), — zoology. 

1895.  Ipswich   »»,iProf.  W.  A.  Herdman,  F.R.S.IG.  C.  Bourne,   H.   Brown,  W.  E, 

I     Hoyle,  W.  L.  Sclater. 
189^  Liverpool*..  I  Prof.  B.B.Poulton,FJl.S.  ...!H.  O.  Forbes,  W.  Garstang,  W.  B. 
I  I     Hoyle. 

1897.  Toronto   %..,Prot  L.  C.  Miall,  F.R.8 iW.  Garstang,  W.  E.  Hoyle,  Prof. 

j  I     E.  E.  Prince. 

1898.  Bristol Prof.W.  F.R.Weldon,F.R.S.  Prof.  R.  Boyce,  W.  Garstang,  Dr. 

A.  J.  Harrison,  W.  E.  Hoyle. 

1899.  Dover  »  Adam  Sedgwick,  F.R.8 

1900.  Bradford ...  Dr.  R,  H.  Traquair,  F.R.8. 


1901.  Glasgow  ... 


Prof.  J.  CoBsar  Ewart,  F.R.S. 


W.  Garstang,  J.  Graham  Kerr. 

W.   Garstang,  J.  G.  Kerr,    T.    H. 

Taylor,  Swale  Vincent. 
J.  G.  Kerr,  J.  Rankin,  J.  Y.  Simpson. 


>  Anthropology  was  made  a  separate  Section,  see  p.  Izxi. 

*  Physiology  was  made  a  separate  Section,  see  p.  Ixxii. 

»  The  title  of  Section  D  was  changed  to  Zoology      ^^.^.^^^  ^^ GoOqIc 
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Date  and  Place 


1902.  Belfast.. 


Presidents 


Prof.  G.  B.  Howes,  F.B.8. 


1903.  Southport      Prof.  S.  J.  Hickson,  F.R.S. 


Secretaries 


Prof.  J.  G.  Kerr,  B.  Patterson,  J.  Y, 

Simpson. 
Dr.  J.  H.  Ashworth,  J.  Barcroft,  A. 

Qoayle,   Dr.  J.  Y.  Simpson,   Dr. 

H.  W.  M.  Tims. 


ANATOMICAL  AND  PHYSIOLOGICAL  SCIENCES. 

COMMITTEE  OP  SCIENCES,  Y. — ANATOMY  AND  PHYSIOLOGY, 

1838.  Cambridge  I  Dr.  J.  Haviland IDr.  H.  J.  H.  Bond,  Mr.  G.  E.  Paget . 

183i.  Edinburgh   IDr.  Abercrombie  jDr.  Boget,  Dr.  William  Thomson. 


SECTION  E   (CNTIL  1847). — ANATOMY  AND  MEDICINE. 


18.35.  Dablln 

1836.  Bristol 

1837.  Liverpool.. 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow 


Dr.  J.  C.  Pritchard  

Dr.  P.  M.  Boget,  F.R.S. 
Prof.  W.  Clark,  M.D.   .. 


T.  £.  Headlam,  M.D , 

John  Yelloly,  M.D.,  F.B.8. 
iJames  Watson,  M.D 


Dr.  Harrison,  Dr.  Hart. 

Dr.  Sjmonds. 

Dr.  J.   Carson,  Jan.,  James  Long, 

Dr.  J.  R.  W.  Vose. 
T.  M.  Greenhow,  Dr.  J.  R.  W.  Vose. 
Dr.  G.  O.  Bees,  F.  Ryland. 
Dr.  J.Brown,  Prof.  Couper,  Prof.  Reid. 


SECTION  E. — PHYSIOLOOY. 


1841.  Plymouth...  P.  M.  Roget,  M.D.,  Sec.  R.S. 

1842.  Manchester  Edward  Holme,  M.D.,  F.L.S. 

1843.  Cork '  Sir  James  Pitcairn,  M.D.    ... 

1844.  York I  J.  C.  Pritchard»  M.D. 


1845. 
1846. 

1847. 


Cambridge 
Sonthamp- 

ton. 
Oxford »   ... 


Prof.  J.  Haviland,  M.D.  .. 
Prof.  Owen,  M.D.,  F.R.S. 

Prof.  Ogle,  M.D.,  F.R.S.  .. 


I  J.  Batter,  J.  Fage,  R.  8.  Sargent. 
'  Dr.  Chaytor,  Dr.  R.  S.  Sargent. 
{ Dr.  John  Popham,  Dr.  R.  8.  Sargent* 
|L  Erichsen,  Dr.  R.  8.  Sargent. 

Dr.  R.  S.  Sargent,  Dr.  Webster. 
I C.  P.  Keele,  Dr.  Laycock,  Dr.  Sar- 
1     gent. 

T.  K.  Chambers,  W.  P.  Ormerod. 


1850. 
1865. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 


Edinburgh 
Glasgow  ... 

Dublin 

Leeds  

Aberdeen... 

Oxford 

Manchester 
Cambridge 
Newcastle 

Bath 

Birming- 
ham* 


PHYSIOLOGICAL  SUBSECTIONS  OP  SECTION   D. 

Prof.  Bennett,  M.D.,  F.R.S.E. 
Prof.  Allen  Thomson,  F.R.8. 

Prof.  R.  Harrison,  M.D 

Sir  B.  Brodie,  Bart.,  F.B.S. 
Prof.  Sbarpey,  M.D.,  Sec.R.S. 
Prof.G.Rolleston,M.D.,F.L.S. 

Dr.  John  Davy,  F.R.S 

G.  E.  Paget^  M.D 

Prof.  RoUeston,  M.D.,  F.II.S. 
Dr.  Edward  Smith,  F.R.S. 
Prof.  Acland,   M.D.,  LL.D., 
F.R.S. 


Prof.  J.  H.  Corbett,  Dr.  J.  Strutliers. 
Dr.  R.  D.  Lyons,  Prof.  Redfem. 
C.  G.  Wheelhouse. 
Prof.  Bennett,  Prof.  Redfem. 
Dr.  R.  McDonnell,  Dr.  Mward  Smith. 
Dr.  W.  Roberts,  Dr.  Edward  Smith 
G.  F.  Helm,  Dr.  Edward  Smith. 
Dr.  D.  Embleton,  Dr.  W.  Tamer. 
J.  S.  Bartrum,  Dr.  W.  Turner. 
iDr.  A.    Fleming,    Dr.    P.    Heslop, 
Oliver  Pembleton,  Dr.  W.  Turner. 


1  Sections  D  and  B  were  incorporated  under  the  name  of  <  Section  D — Zoology 
and  Botany,  including  Physiology  *  (^nee  p.  Ixi).  Section  B,  being  then  vacant, 
was  assigned  in  1851  to  Geography. 

s  VUh  note  on  page  Izi. 
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Presidents 


Secretaries 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SCIElTCJfiS. 

[For  Presidents  and  Secretaries  for  Geography  previous  to  1861)  see  Section  d» 
p.  IriiiO 


ETfiNOLOaiCAL  SUBSBCTI0M8  OF  8B0TI0K  D. 


1846.Soathampton 
l847.0xfotd  

1848.  Swansea    ... 

1849.  Birmingham 

1850.  Edinburgh 


Dr.  J.  C.  Pritchard  

Pfof.  fl.  H.  Wilsbn,  M.A. 


Vice- Admiral  Sir  A.  Malcolm 


Dr.  King. 
Prof.  Buckley. 
G.  Grant  Francis. 
Dr.  R.  G.  Latham. 
Daniel  Wilson. 


SECTIOH  E.—GIOGRAPHT  AND  BTHNOLOGT. 


1851.  Ipewich    ...'Sir  B.  I.  Murchison,  F.R.S., 

I     Pites.  R.G.8. 

1852.  Belfast \C6l   Chesney,  B.A.,  D.C.L., 

F  R  S 

1853.  Hull R.  G.  Latham,  M.D.»  F.R.S. 

1854.  Liverpool... i  Sir  R.  I.  Murchison,  D.C.L 

'     F.R.8. 

1855.  Glasgow  ...  Sir    J.    Richardson,     M.D., 

I     F.R.S. 

1856.  Cheltenham  Col.  Sir   H.  C.    Rawlinson, 

K.C.B. 

1857.  Dublin Rev.  Dr.  J.  Henthom  Todd, 

I     Pres.R.I.A. 

1858.  Lteds  ......  Sir  R.L  Murchison, G.C.St.S., 

F.R.S.* 

Rear  •  Admiral     Sir    James 
Clerk  Ross,  D.C.L.,  F.R.S. 

1860.  Oxford......  Sir  R.  I.  Murchison,  D.C.L., 

F.R.8. 

1861.  Mabchedtel*  John  Crawfurd,  F.R.S 


1859.  Aberdeen.. 


1862.  Cunbridge   Francis  Galton,  F.R.S 

t 

1863.  Newcastle     Sir  R.  L  Murchison,  K.C.B., 

I     F.R.S. 
1664.  Bath ISirR.  L  Murchison,  K.C.B., 

I     F.R.S. 
1865i  Birmingham '  Major-General  Sir  H.  Raw- 

I     linson,  M.P.,  K.C.  B.,  F.R.S. 
1866.  Nottingham '  Sir  Charles  Nicholson,  Bart., 
LL.D. 


1867.  Dundee 

1868.  Norwich 


Sir  Samuel  Baker,  F.R.G.S. 

Capt.  G.  H.  Richards,  R.N., 
F.R.S. 


R.  Cull,  Rev.  J.  W.  Donaldson,  t)t» 

Nortoi^  Shaw. 
R.  Cull,  R.  MacAdam,  Dr.  Norton 

Shaw. 
R.   Cull,  Rev.    H.  W.  Kemp,  Dr. 

Norton  Shaw. 
Richard  Cull,  Rev.  H.  Higgins,  Dr. 

Ihne,  Dr.  Norton  Shaw, 
Dr.  W.  G.  Blackie,    R.  Cull,  Dr. 

Norton  Shaw. 
R.  Cull,  F.  D.    Hartland,  W.  H. 

Rumsey,  Dr.  Nortoh  Shaw. 
R.  Cull,  S.  Ferguson,  Dr.  R.    R. 

Madden,  Dr.  Norton  Shaw. 
R.  Cull,  F.  Galton,  P.  O'Callaghan, 

Dr.  Norton  Shaw,  T.  Wright. 
Richard  Cull,  Prof.Geddes,  Dr.  Nor- 
ton Shaw. 
Capt.  Burrows,  Dr.  J.  Hunt,  Dr.  C. 

Lempri^e,  Dr.  Norton  Shaw. 
Dr.  J.  Hunt,  J.  Kingsley,  Dr.  Nor- 
ton Shaw,  W.  Spottiswoode. 
J.W.Clarke,  Rev.  J.  Glover,  Dr.  Hunt, 

Dr.  Norton  Shaw,  T.  Wright. 
C.  Carter  Blake,  Hume  Greenfieldi 

C.  R.  Markham,  R.  S.  Watson. 
H.  W.  Bates,  C.  R.  Markham,  Capt. 

R.  M.  Murchison,  T.  Wright.  * 
H.  W.  Bates,  S.  Evans,  G.  Jabet, 

C.  R.  Markham,  Thomas  Wright. 
H.  W.  Bates,  Rev.  B.  T.  Cusins,  R. 

H.  Major,  Clements  R.  Markham, 

D.  W.  Nash,  T.  Wright. 

H.  W.  Bates,  Cyril  Graham,  C.  R. 
Markham,  S.  J.  Mackie,  R.  Sturrock, 
T.  Baines,  H.  W.  Bates,  Clements  R. 
Markham,  T.  Wright. 


siCTiON  E  {conttnmd)x — qeographt. 

1869.  Exeter Sir    Bartle    Frere,    K.C.B.,  H.  W.  Bates,  Clements  R.  Markham 

,     LL.D.,  F.R.G.S.  I     J.  H.  Thomas. 

1870.  Liverpool..., Sir  R.LMurchison,Bt.,K»C.B.,' H.W.Bates,  David  Buxton,  Albert  J» 
1    LL.D.,D.C.L.,FkR.S.,F.aS.|     Mott,  Clements  R.  Markham, 
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V^tb  and  Place 


1871. 
1872. 
1873. 
1874. 
1875. 

1876. 

1877. 
i878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

1901. 


Edinbutgh 

Brighton  ... 

Bradfotd ... 

Belfast 

BHstol 

Gldsgow  ... 
Plymoilth... 
Dublin 

Sheffield  ... 

S^tandea  ... 

York 


Sbnihalnp- 

tOB. 

Southport 
Montreal ... 
Aberdeen... 
Birmingham 
Manchester 
Bath 


Newcastle- 
upon-Tyne 
Leeds  ... 


Cardiff 

Edinburgh 
Nottingham 

Oxford 

Ipswich  ... 
Liverpool... 
Toronto    ... 

Bristol 

Dover  

Bradford ... 
Glasgow  ... 


Presidents 


Secretaries 


Colonel  Yulfe,  C.B.,  F.R.G.8.    A.  Buchan,  A.  Keith  Johnston,  Cle- 
ments R.  Markham,  J.  H.  Thomas. 

Francis  Galton,  F.R.S ;H.  W.  Bates,  A.  Keith  Johnston, 

Rev.  J.  Newton,  J.  H.  Tliomas. 
Sir  Rutherford  Alcock,K.C.B.H.  W.  Bates,  A.  Keith  Johnston^ 

'     Clements  R.  Markham. 
Biajor  Wilson,  R.E.,  F.R.S., '  if.  G.  Ravenstein,  E.  C.  Rye,  J.  H. 

F.R.G.S.  I     Thomas. 

Lieut.  -  General     Strachey,  H.    W.    Bates,    E.   C.   Rye,   F.   P. 
R.K.,  C.S.I.,  F.R.S.,  F.R.G.S.      Tuckett. 

H.  W.  Bat^,  E.  C.  Rye,  R.  O.  Wood; 
H.  W.  Bates,  F.  E.  Fox,  E.  C.  Bye. 
John  Coles,  E.  C.  Rye. 


Capt.  Evans^  C.B.,  F.R.S 
Adm.  Sir  E.  Ommanney,  C.B. 
Prof.  Sir  C.  Wyville  Thom- 
son, LL.D.,F.R.S.,F.R  8.E. 
Clements  R.  Markham,  C.6., 

'F.R.S.,  Sec.  R.G.S. 
Lieut.- Gen.  Sir  J.  H.  Lefroy, 

C.B.,  K.C.M.G.,R.A.,F.R.8. 
Sir  J.   D.  Hooker,  K.C.S.I., 

C.B.,  F.R.S. 
Sir  R.  Temple,  Bart.,  G.C.S.I., 

F.R.G.S. 
Lieut.-Col.  H.    H.    Godwin- 
Austen,  F.R.S. 
Gen.  Sir  J.  H.  Lefroy,  C.B., 

K.C.M.G.,F.R.S.,V.P.R.G.S. 
Gen.  J.  T.  Walker,  C.B.,  R.E., 

LL.D.,  F.R.S. 
Maj.-Gen.  Sir.  F.J. Goldsmid, 

K.C.SJ.,  C.B.,  F.R.G.S, 
Col.    Sir    C,  Warren,    R.E., 

G.C.M.G.,  F.R.S.,  F.R.G.S. 
Col.  Sir  C.  W.  Wilson,  R.E., 

K.C.B.,  F.R.S.,  F.R.G.S. 
Col.     Sir     F.     de    Winton, 

K.C.M.G.,  C.B.,  F.R.G.S. 
Lieut.-Col.  Sir    R.    Lambert 

Playfair,  K.C.M.G.,  F.R.G.S. 
E.  G.   Ravenstein,  F.R.G.S., 

F.S.S. 
Prof.  J.  Geikie,  D.C.L.,F.R.S., 

V.P.R.Scot.G.S. 
H.  Seebohm,  Sec.  R.S.,  F.L.S., 

F.Z.S. 
Capt.  W.  J.  L.  Wharton,  R.N., 

F.R.S. 
H.     J.     Mackinder,     M.A., 

F.R.G.S. 
Major  L.  Darwin,  Sec.  R.G.S. 

J.  Scott  Keltic,  LL.D. 

Col.  G.  Earl  Church,  F.R.G.S. 

Sir  John  Murray,  F.R.S. 

Sir    George    S.    Robertson, 

K.C.S.I. 
Dr.  H.  B.  MiU,  F.R.G.8. 


H.  W;  Bates,  C.  B;  D.  Bldck,  E.  C. 

Rye. 
H.  W.  Bates,  E.  C.  Rye. 

J.  W.  Barry,  H.  W.  Bates. 

E.  G.  Ravenstein,  E.  C.  Rye. 

John  Coles,  E.  G.  Ravenstein,  E.  C. 

Rye. 
Rev.Abb^Laflamme,  J.  S.  O'Halloran, 

E.  G.  Rfivenstein.  J.  F.  Torrance. 
J.  S.  Keltic,  J  ».  0*Halloran,  E.  G. 

Ravenstein,  Rev.  G.  A.  Smith. 

F.  T.   S.   Houghton,  J.   S.  Keltie. 
E.  G.  Ravenstein. 

Rev.  L.  C.  Casartelli,  J.  8.  Keltie, 

H.  J.  Mackinder,  E.  G.  Ravenstein. 
J.  S.  Keltic,  H.  J.  Mackinder,  E.  G. 

Ravenstein. 
J.  S.  Keltie,  H.  J.  Mackinder,  K. 

Sulivan,  A.  Silva  White. 
A.  Barker,  John  Coles,  J.  S.  Keltie, 

A.  Silva  White.    . 
John  Coles,  J.  S.  Keltie,  ti[.  J.  Mac- 
kinder,  A.  Silva  White,  Dr.  Yeats. 
J.  G.  Bartholomew,  John  Coles,  J.  S. 

Keltie,  A.  Silva  White. 
Col.  F.  Bailey,  John  Coles,  H.  O. 

Forbes,  Dr.  H.  R.  Mill. 
John  Coles,  W.  S.  Dalgleish,  H.  N. 

Dickson,  Dr.  H.  R.  Mill. 
John  Coles,  H.  N.  Dickson,  Dr.  H. 

R.  Min,  W.  A.  Taylor. 
Col.  F.  Bailey,  H.  N.  Dickson,  Dn 

H.  R.  Mill,  E.  C.  Dufe.  Phillip. 
Col.   F.   Bailey,  Capt.  DeviUe,  Dr. 

H.  R.  Mill,  J.  B.  Tyrrell. 
H.  N.  Dickson,  Dr.  H.  R.  Mill,  H.  C. 

Trapnell. 
H.  N.  Dickson,  Dr.  H.  O.  Forbes, 

Dr.  H.  R.  Mill. 
H.  N.  Dickson,  E.  Heawood,  E.  R, 

Wethey. 
H.  N.   Dickson,   B.  Heawood,   G. 

Sandeman,  A.  C.  Turner. 
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Date  and  Place 


Prefddents 


1902.  Belfast     u.  Sit  T.  H.  Holdicb,  K.C.B.  ... 

1908.  Sonthport     Capfc:  fi.  W. Cteak; RN;, OB., 
F.B:S. 


Secretaries 


G;  0.  Chisholm,  B.  Heawood,  Dr. 
A.  J.  Herbertson,  Dr.  J.  A.  Lindsay. 

ft.  Heawood,  Dr.  A.  J.  Herberstson. 
K.  A.  Reeves,  Capt.  J.  C.  Under- 
wood. 


StAttstlCAL  SCIENCE. 

COMllITTtefi   dk*  StlteNCiS,  VI. — STATISTICS. 

1833.  Cambtidge    Plt)f.  BAbbrtgCj  t^.tt.S J.  E.  Drinkwater. 

1834.  Edinbtd-gh  i  Sir  Chdrles  Leilion,  Bart. ;  Dr.  Cleland,  C.  Hope  Maclean. 

Sl^CtlDN  F. — STATISTICS. 

1836.  Dublin ChArles  BAbbAge,  F.R.S W.  Greg,  Prof.  Longfield. 

1836.  BHstol......  Sit ChAs.Lemoto, Bart., F.B.S.  Rev.   J.   E.  Bromby,  C.   B.  Fripp, 

James  Hey  wood. 


1837.  Liverpool... 


1838. 
1839. 

18iO. 

1841. 

1842. 

1843. 
1844. 

1845. 
1846. 

1847. 

1S48. 
1849 


Newcastle 
BiTillillghai& 

GUlsgOW  .it 

Plyttiottth.i* 

Manchester 


Cork 
York 


Rt.  Iton.  Lord  Sandon ... 


Colonel  Sykes,  F.R.S 

^etiry  ttallam,  F.R.8 

Lord  Sandon,  M.P.,  F.R.S. 


1851. 
1862. 

1863. 
1864. 

1865. 


W.  R.  Greg,  W.  Langton,  Dr.  W.  C. 

Tayler. 
W.  Cargill,  J.  Heywood,  W.R.  Wood. 
F.  Clarke,  R.  W.  Rawson,  Dr.  W.  C. 

Tayler. 
C.  R.  Baird,  Prof.  Ramsay,  R.W. 
'     Rawson. 

Liettt.-Col.  Sykes,  F.R.S Rev.  Dr.  Byrth,  Rev.  R.  Luney,  R. 

i     W.  Rawson. 
0.  W.  Wood,  M.P.,  F.L.S.  ...  Rev.  R.  Luney,  G.  W.  Ormerod,  Dr. 

W.  C.  Tayler. 
Sir  C.  Lemon,  Bart.,  M.P.   ...  Dr.  D.  Bullen,  Dr.  W.  Cooke  Tayler. 
Lieut.  -  Col.    Sykes,    F.R.S.,  J.  Fletcher,  J.  Heywood,  Dr.  Lay- 

F.L.S.  •  cock. 

Rt.Hon.  the  Earl  Fitzwilliam  J.  Fletcher,  Dr.  W.  Cooke  Tayler. 

G.  R.  Porter,  F.R.S J.  Fletcher,  F.  G.  P.  Neison,  Dr.  W. 

C.  Tayler,  Rev.  T.  L.  Shapcott. 
Travers  Twiss,  D.C.L.,  F.R.S.  Rev.  W.  H.  Cox,  J.  J.  Danson,  F.  G. 

P.  Neison. 
J.  H.  Vivian,  M.P.,  F.R.S.  ...  J.  Fletcher,  Capt.  R.  Shortrede. 

Bt.  Hon.  Lord  Lyttelton Dr.  Finch,  Prof.  Hancock,  F.  P.  G. 

Neison. 
Very   Rev.    Dr.    John   Lee,  Prof.  Hancock,  J,  Fletcher,  Dr.  J. 

V.P.R.8.E.  I     Stark. 

Sir  John  P.  Boileau,  Bart.  ...  J.  Fletcher,  Prof.  Hancock. 
His  Grace  the  Archbishop  of  Prof.  Hancock,  Prof.  Ingram,  James 

Dublin.  MacAdam,  jun. 

James  Heywood,  M.P.,  F.R.S.  Edward  Cheshire,  W.  Newmarch. 

Thomas  Tooke,  F.R.S E.  Cheshire,  J.  T.  Danson,  Dr.  W.  H. 

Duncan,  W.  Newmarch. 
Glasgow  ...  R.  Monckton  Milnes,  M.P. ...  J.  A.  Campbell,  E.  Cheshire,  W. New- 

I     march,  Prof.  R.  H.  Walsh. 


Cambridge 
Southamp- 
ton. 
Oxford 


Swansea  ... 
Birmingham 


1850.  Edinburgh 


Ipswich 
Belfast.., 


HuH 

Liverpool.. 


SECTION  F  {continued), — ECONOMIC  SCIENCE  AND  STATISTICS. 


1866.  Cheltenham  Rt.  Hon.  Lord  Stanley,  M.P. 


1867.  Dublin His  Grace  the  Archbishop  of 

1     Dublin,  M.R.LA. 

1868.  Leeds j  Edward  Baines , 


Rev.  C.  H.  Bromby,  E.  Cheshire,  Dr. 

W.  N.  Hancock,  W.  Newmarch,  W. 

M.  Tartt. 
Prof.  Cairns,  Dr.  H.  D.  Hutton,  W. 

Newmarch. 
T.  B.  Baines,  Prof.  Cairns,  S.  Brown, 
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Date  and  Plaoe 


Presidents 


1859. 

1860. 

1861. 

1862. 
1863. 

1864. 
1865. 

1866. 

1867. 

1868. 
1869. 


Aberdeen...  Col.  Sykea,  M.P.,  F.B.S 

Oxford 1  Nassau  W.  Senior,  M.A 

1 

Manchester  j  William  Newmarch,  F.R.S... 

Cambridge    Edwin  Chadwick,  C.B 

Newcastle  .|  William  Tite,  M.P.,  F.R.S. ... 
t 

Bath I W.  Farr,  M.D.,  D.C.L.,  F.R.S. 

Birmingham  Kt.  Hon.  Lord  Stanley,  LL.D., 
M.P. 
Prof.  J.  K.  T.  Rogers 


Nottingham 

Dundee M.  B.  Grant-Duff,  M.P 


Norwich.... 
Exeter 


1870.  Liverpool... 


1871. 
1872. 
1873. 
1874. 


Edinburgh 
Brighton ... 
Bradford  ... 
Belfast 


1876.  Bristol 

1876.  Glasgow  ... 


Samuel  Brown  

Rt.  Hon.  Sir  Stafford  H.  North- 
cote,  Bart.,  C.B.,  M.P. 
Prof.  W.  Stanley  Jevons,  M.A. 

Rt.  Hon.  Lord  Neaves 

Prof.  Henry  Fawcett,  M.P. ... 
Rt.  Hon.  W.  B.  Forster,  M.P. 
Lord  O'Hagan  


1877. 

1878. 
1879. 

1880. 
1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 
1889. 
1890. 


Plymouth... 

Dublin 

Sheffield  ... 


Swansea 
York 


Southamp- 
ton. 
Southport 

Montreal ... 

Aberdeen... 

Birmingham 

Manchester 


Bath. 


Newcastle- 
upon-Tyne 
Leeds  ...... 


James  Heywood,  M.A.,F.R.S., 

Pres.  S.S. 
Sir  George  Campbell,  E.C.S.I., 

M.P. 
Rt.  Hon.  the  Earl  Fortescue 
Prof.  J.  K.  Ingram,  LL.D. ... 
G.  Shaw  Lefevre,  M.P.,  Pres.  i 

S.S. 

G.  W.  Hastings,  M.P I 

Rt.  Hon.  M.  B.  Grant-Duff,! 

M.A..  F.R.S.  I 

Rt,   Hon.  G.   Sclater- Booth,' 

M.P.,  F.R.S.  I 

R.  H.  Inglis  Palgrave,  F.R.S.  , 

Sir  Richard  Temple,  Bart., 
G.C.S.L,  CLE.,  F.R.G.S. 

Prof.  H.  Sidgwick,  LL.D., 
Litt.D. 

J.  B.  Martin,  M.A.,  F.8.S. 

Robert  Giffen,  LL.D.,V.P.S.8. ! 


Rt.    Hon.     Lord    Bramwell, 

LL.D..  F.R.S. 
Prof.  F.  Y.  Bdgeworth,  MA., 

F  8  S 
Prof.  A.  Marshall.  M.A.,F.S.S. 


1891.  Cardiff. 


iProf.  W,  Cunningham,  D.D., 
I     D.Sc.,  F  S.S. 


Prof.  Cairns,  Edmund  Macrory,  A.  M. 

Smith,  Dr.  John  Strang. 
Edmund    Macrory,  W.  Newmarch^ 

Prof.  J.  E.  T.  Rogers. 
David  Chadwick,  Prof.  R.  C.  Christie, 

E.  Macrory,  Prof.  J.  E.  T.  Rogers. 
H.  D.  Macleod,  Edmund  Macrory. 
T.   Doubleda}',    Bdmund    Macrory, 

Frederick  Purdy,  James  Pott«. 

E.  Macrory,  B.  T.  Payne,  F.  Purdy. 
G.  J.  D.  Goodman,  G.  J.  Johnston. 

E.  Macrory. 
R.  Birkin,  jun..  Prof.  Leone  Levi,  B, 

Macrory. 
Prof.  Leone  Levi,  £.  Macrory,  A.  J, 

Warden. 
Rev.  W.  C.  Davie,  Prof.  Leone  Levi. 
B.   Macrory,  F.    Purdy,   C.   T.    D^ 

Adand. 
Chas.  R.  Dudley  Baxter,  E.  Macrory,. 

J.  Miles  Moss. 
J.  G.  Fitch,  James  Meikle. 
J.  G.  Fitch.  Barclay  Phillips. 
J.  G.  Fitch,  Swire  Smith. 
Prof.  Donnell,  F.  P.  Fellows,  Hans* 

MacMordie. 

F.  P.  Fellows,  T.  G.  P.  Hallett,  B. 
Macrory. 

A.  M'Neel  Caird,  T.  G.  P.  Hallett ,  Dr.  • 
W.  Neilson  Hancock,  Dr.  W.  Jack.- 
W.  F.  Collier,  P.  Hallett,  J.  T.  Pirn.- 
W.  J.  Hancock,  C.  Molloy,  J.  T.  Pim.- 
Prof.  Adamson,  R.  B.   Leader,   C.. 

Molloy. 
N.  A.  Humphreys,  C.  Molloy. 
C.   Molloy,  W.  W.   Morrell,  J.    F, 
Moss. 

G.  Baden-Powell,  Prof.  H.  S.  Fox- 
well.  A.  Milnes,  0.  Molloy. 

Rev.  W.  Cunningham,  Prof.  H.  S. 

Foxwell,  J.  N.  Keynes,  C.  Molloy. 
Prof.  H.  S.  Foxwell,  J.  S.  McLennan, 

Prof.  J.  Watson. 
Rev.  W.  Cunningham,  Prof.  H.  S. 

Foxwell,  C.  McCombie,  J.  F.  Mobs. 
F.  F.  Barham.  Rev.  W.  Cunningham^ 

Prof.  H.  S.  Foxwell,  J.  F.  Moss. 
Itev.  W.  Cunningham,  F.  Y.  Edge- 
worth,  T.  H.  Elliott,  C.  Hughes, 

J.  E.  C.  Munro,  G.  H.  Sargant. 
Prof.  F.  Y.  Bdgeworth,  T.  H.  Elliott, 

H.  8.  Foxwell,  L.  L.  F.  R.  Price. 
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A.  C.  Seward,  Prof.  F.  E.  Weiss. 
A.  C.  Seward,  H.  Wager,  J.  W.  White. 
G.  Dowker,  A.  C.  Seward,  H.  Wager. 
A.  C.  Seward,  H.  Wager,  W.  West. 
D.T.  Gwynne-Vanghan,a.  F.  Scott^ 

Elliot,  A.  C.  Seward,  H.  Wager. 
A.  G.  Tansley,  Rev.  C.  H.  Waddell, 

H.  Wager,  B.  H.  Yapp. 
H.  Ball.  A.  G.  Tan.sley,  H.  Wager, 

R.  H.  Yapp. 


SECTION  L.— EDUCATIONAL  SCIENCE. 

1901.  Glasgow  ...I Sir  John  E.  Gorst,  F.R.S.    ... !  R.  A.  Gregory,  W.  M.  Heller,  R.  Y. 

I  Howie,    C.    W.    Kimmins,   Prof. 

t  H.  L.  Withers. 

1902.  Belfast     ...iProf.  H.  E.  Armstrong,  F.B.S.  Prof.  R.  A.  Gregory,  W.  M.  Heller, 

R.  M.  Jones,  Dr.  0.  W.  Kimmins, 
I  !     Prof.  H.  L.  Withers. 

1903.  Southport    iSir  W.  de  W.  Abney,  K.C.B.,  Prof.  R.  A.  Gregory,  W.  M.  Heller, 

'     F.R.S.  1     Dr.  C.  W.   Kimmins,  Dr.  H.  L. 

{  Snape. 


LIST  OF  EVENING  DISCOURSES. 

Date  and  Place  Lecturer  |  Subject  of  Discoiirse 

1842.  Manchester   Charles  Vignoles,  F.R.S !The  Principles  and  Const  ruction  of 

I     Atmospheric  Railways. 

Sir  M.  I.  Brunei    The  Thames  Tunnel. 

R.  I.  Murchison ^The  Geology  of  Russia. 

1843.  Cork Prof.  Owen,  M.D.,  F.R.S The  Dinomis  of  New  Zealand. 

*  ^  Prof.  E.  Forbes,  F.R,S '  The  Distribution  of  Animal  Life  in 

I     the  ^gean  Sea. 
Dr.  Robinson , ,.,...|fhe  £a|^l  gf  fosse's  f^lescopc. 
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1844.  York 


Charles  Lyell,  F.R.S, 
Dr.  Falconer,  F.R.S.. 


1845.  Cambridge 

1846.  Soathamp- 

ton. 


1847.  Orfoid 

1848.  Swansea  ... 

1849.  Birmingham 

1850.  Edinburgh 

1851.  Ipswich    ... 


G.B.Airy,F.B.S.,A8tron.Eoyal 

;R.  I.  Murchison,  F.R.S 

iProf.  Owen,  M.D.,  F.R.S.  ... 
i  Charles  Lyell,  F.R.S 

W.  R.  Grove,  F.R.S 


Rev.  Prof.  B.  Powell,  F.R.S. 
Prof.  M.  Faraday,  F.R.S 


;Hugh  K.  Strickland,  F.G.S.... 
John  Percy,  M.D.,  F.R.S 


W.  Carpenter,  M.D.,  F.R.S.... 

Dr.  Faraday,  F.R.S 

Rev.  Prof.  WiUiB,  M.A.,F.R.S. 

Prof.  J.  H.  Bennett,  M.D., 
F.R.S,E. 


IDr.  Mantell,F.R.S 

Prof.  R.  Owen,  M.D.,  F.R.S. 


1853.  Belfast.. 


1853.  HnU. 


1854.  liverpooK.. 

1855.  Glasgow  ... 

1856.  Cheltenham 


G.B.Airy,F.R.S.,A8tron.  Royal 

Prof.  G.  G.  Stokes,  D.C.L., 
i     F.R.S. 
Colonel  Portlock,  R.E,,  F.R.S. 


Prof.  J.  Phillips,LL.D.,  F.R.S., 
F.G.S. 

Robert  Hunt,  F.R.S 

Prof.  R.  Owen,  M.D..  F.R.8. 
Col.  E.  Sabine,  V.P.R.S 


1857.  Doblin 

1858.  Leeds  

1859.  Aberdeen.. 


1860.  Oxford. 


Dr.  W.  B.  Carpenter,  F.R.S. 
Lieot.-Col.  H.  Rawlinson    .. 


Col.  Sir  H.  Rawlinson  , 


W.  R.  Grove,  F.R.S 

Prof.  W.  Thomson,  F.R.S.  ... 
Rev.  Dr.  Livingstone,  D.C.L. 
Prof.  J.  PhiUipe,LL.D.,F.R.S. 
Prof.  R.  Owen,  M J).,  F.R.S. 
Sir  R.  I.  Murchison,  D.C.L... . 
Rev.  Dr.  Robinson,  F.R.S.  ... 

Rev.  Prof.  Walker,  F.R.S.  ... 
Captfin  ^herard  O^bop,  p.i^, 


Geology  of  North  America. 

The  Gigantic  Tortoise  of  the  Siwalik 
Hills  in  India. 

Progress  of  Terrestrial  Magnetism. 

Geology  of  Russia. 

Fossil  Mammalia  of  the  British  Isles. 
'Valley  and  Delta  of  the  Mississippi. 

Properties  of  the  ExplosiveSnbstanoe 
discovered  by  Dr.  Sohonbein;  also 
some  Researches  of  his  own  on  the 
Decomposition  of  Water  by  Heat. 

Shooting  Stars. 

I  Magnetic  and  Diamagnetic  Pheno- 
mena. 

The  Dodo  (Didus  in4fptu»). 

Metallurgical  Operations  of  Swansea 
and  its  Neighbourhood. 

Recent  Microscopical  Discoveries. 

Mr.  Gassiot*s  Battery. 

Transit  of  different  Weights  with 
varying  Velocities  on  Railways. 

Passage  of  the  Blood  through  the 
minute  vessels  of  Animals  in  con- 
nection with  Nutrition. 

Extinct  Birds  of  New  Zealand. 

Distinction  between  Plants  and 
Animals,  and  their  changes  of 
Form. 

Total  Solar  Eclipse  of  July  28, 
1861. 

Recent  Discoveries  in  the  properties 
of  Light. 

Recent  Discovery  of  Rock-salt  at 
Carrickfergus,  and  geological  and 
practical  considerations  connected 
with  it. 

Some  peculiar  Phenomena  in  the 
Geology  and  Physical  Geography 
of  Yorkshire. 

The  present  state  of  Photography. 

Anthropomorphous  Apes. 

Progress  of  Researches  in  Terrestrial 
Magnetism. 

Characters  of  Species. 

Assyrian  and  Babylonian  Antiquities 
and  Ethnology. 

Recent  Discoveries  in  Assyria  and 
Babylonia,  with  the  results  of 
Cuneiform  Research  up  to  the 
present  time. 

Correlation  of  Physical  Forces. 

The  Atlantic  Telegraph. 

Recent  Discoveries  in  Africa. 

The  Ironstones  of  Yorkshire. 

The  Fossil  Mammalia  of  Australia. 

Geology  of  the  Northern  Highlands. 

Electrical  Discharges  in  highly 
rarefied  Media. 

Physical  Constitution  of  tjie  Sun. 
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Date  and  Place 


Lecturer 


1861. 

1862. 
1863. 

1864. 
1865. 

1866. 
1867. 

1868. 
1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

1876. 
1876. 
1877. 

1878. 


Manchester ,  Prof.W.  A.  Miller,  M.A.,F.R.S. 

G.  B.   Airy,   F.B.S.,  Astron. 

I     Boyal. 
Cambridge  ,Prof.  Tyndall,  LL.D.,  F.R.8. 

Prof.  Odling,  F.B.S 

Newcastle     Prof .  Williamson,  F.R.S 


James  Glaisber,  F.B.S., 


Bath iProf.  Boscoe,  F.B.S 

I  Dr.  Livingstone,  F.B.S. 
Birmingham  J.  Beete  Jukes,  F.B.S. .. 


Nottingham 
Dundee 


Norwich   ... 
Exeter  


Liverpool... 

Edinburgh 

Brighton  ... 

Bradford  ... 
Bel£a8t 


William  Hnggin8,F.B.S 

Dr.  J.  D.  Hooker,  F.B.S 

Archibald  (Jeikie,  F.B.S 

Alexander  Hersohel,  F.B,A.8, 

J.  Fergusson,  F.B.S.., 

Dr.  W.  Odling,  F.B.S 

Prof.    J.     Phillips,     LL.D„ 

F.B.S. 
J.  Norman  Lookyer,  F.B.S.  .. 

Prof.  J.  Tyndall,  LL.D.,  F.B.S. 

Prof  .V/.  J.  Macquom  Bankine, 

LL.D.,  F.B.S. 
F.  A.  Abel,  F.B.S 

E.  B.  Tylor,  F.B.S 

Prof.  P.  Martin  Duncan,  M.B., 

F  R  S 
Prof.  W.K.  CliflEord 


Subject  of  Discourse 


Bristol 

Glasgow   .., 
Pljrmouth... 

Dublin   

SJi^^eld  ... 


Prof.W.  C.WiUiamson,F.B.S. 
Prof.  Clerk  Maxwell,  P.B.S. 
Sir  John  Lubbock, Bart.M.P., 

F.B.S. 

Prof.  Huxley.  F.B.S 

I 
W.Spotti8woode,LL.D.,F.B.S. 

F.  J.  Bramwell,  F.B.S 

Prof.  Tait,  F.B.S.E 

SirWyville  Thomson,  F.R.8. 
W.  Warington  Smyth,  M.A., 

F.R.S. 

Prof.  Odling,  F.R.S 

'G.  J.  Romanes,  F.L.S 

Prof.  Dewar,  F.R.S 

W.  Crookes,  F.R.S 

[  prof.  E,  Ray  Lankester,  F.R.S. 


Spectrum  Analysis. 

The  late  Eclipse  of  the  Sun. 

The  Forms  and  Action  of  Water. 

Organic  Chemistry. 

The  Chemistry  of  the  Galvanic  Bat- 
tery considered  in  relation  to 
Dynamics. 

The  Balloon  Ascents  made  for  the 
British  Association. 

The  Chemical  Action  of  Light. 

Recent  Travels  in  Africa. 

Probabilities  as  to  the  position  aod 
extent  of  the  Coal-measures  be- 
neath the  red  rocks  of  the  Mid- 
land Counties. 

The  results  of  Spectrum  Analysis 
applied  to  Heavenly  Bodies. 

Insular  Floras. 

The  Geological  Origin  of  the  present 
Scenery  of  Scotland. 

The  present  state  of  Knowledge  re» 
garding  Meteors  and  Meteorites. 

Archaeology  of  the  early  Buddhist 
Monuments. 

Reverse  Chemical  Actions. 

Vesuvius. 

The  Physical  Constitution  of  the 
Stars  and  Nebulae. 

The  Scientific  Use  of  the  Imagina- 
tion. 

Stream-lines  and  Waves,  in  connec 
tion  with  Naval  Architecture. 

Some  Recent  Investigations  and  Ap- 
plications of  Explosive  Agents. 

The  Relation  of  Primitive  to  Modem 
Civilisation. 

Insect  Metamorphosis. 

The  Aims  and  Instruments  of  Scien- 
tific Thought. 

Coal  and  Coal  Plants. 

Molecules. 

Common  Wild  Flowers  considered 
in  relation  to  Insects. 

The  Hypothesis  that  Animals  are 
Automata,  and  its  History. 

The  Colours  of  Polarised  Light. 

Railway  Safety  Appliances. 

Force. 

The  *  Challenger  *  Expedition. 

Physical  Phenomena  connected  with 
the  Mines  of  Cornwall  and  Devon. 

The  New  Element,  Gallium. 

Animal  Intelligence. 

Dissociation,  or  Modem  Ideas  of 
Chemical  Action. 

Radiant  Matter. 

I  Degenen^tio?^.  ^  , 

Digitized  by  CjOOQ IC 


LIST  Qf  ^TSN^ljra   DISCOURSES. 


]xxy 


Date  and  Place 


1880. 
1881. 

1882. 
1883. 


Swansea  ... 
York 


Sontbamp- 

ton. 
Sonthport 


1884.  Montreal. 


1885.  Aberdeen... 


1886. 
1887. 
1888. 

1889. 

1880. 
1891. 

1892. 
1893. 


Birmingham 
Manchester 
Bath 


Newcastle- 
upon-Tyne 

Leeds  

Cardiff 


Leotnrer 


Prof  .W.Boyd  Pawkins,  F.B.S. 

Francis  Galton.  F.B.S 

Prof.  Huxley,  Sec.  U.S.    

W.  Spottiswoode,  Pres,  B.S.... 

Prof.  Sir  Wm.  Thomson.  F.R.S. 
Prof.  H.  N.  Moseley,  F.R.S. 
Prof.  B.  S.  Ball.  F.B.S 


Prof.  J.  G.  McKendrick 

Prof.  O,  J.  Lodge,  D.Sc 

Rev.  W.  H.  DaUinger,  F.R.S. 


Prof.  W.  G.  Adams,  F.B.S.  ... 

John  Murray,  F.R.S.E 

A.  W.  Backer,  M.A.,  F.R.S. 
Prof.  W.  Rutherford.  M.D. ... 
Prof.  H.  B.  Dixon.  F.R.S.    ... 

Col.  Sir  F.  de  Winton 

Prof.  W.  E.  Ayrton,  F.B.S. ... 
Prof.  T.  G.    Bonney.   D.Sc, 

F.B.8. 
Prof.  W,  C.  Boberts-Austen. 

F.B.S. 
Walter  Gardiner,  MA 


Edinburgh 
Nottingham 


1894.  Oxford 


1895.  Ipswich 


1896. 
1897. 

1898. 
1899. 
1900. 
1901. 


Liverpool., 
Toronto   .. 


Bristol.... 
Dover  .... 
Bradford . 
Glasgow  . 


E.  B.  Poulton,  M,A.,  F.B.S.... 
Prof.  C.  Vernon  Boys,  F.R.S. 
i  Prof.  L.  C.  MiaU,  F.L.S..  F.G.S. 

I  Prof.A.W.Racker,M.A.,F.B.S. 
'  Prof.  A.  M.  Marshall,  F.B.S. 
:  Prof.  J. A.Ewing,M.A.,  F.R.K. 
Prof.  A.  SmitheUs,  B.Sc. 
I  Prof.  Victor  Horsley,  F.R.S. 

J.  W.Gregory,  D.Sc,  F.G.S. 

Prof.  J.Shield  Nicholson,  M.  A. 

Prof.  S.  P.  Thompson,  F.R.S. 

Prof.  Percy  F,  Frankland, 
F.B.S. 

Dr.  F.Elgar,  F.B.S 

Prof.  Flinders  Petrie,  D.C.L. 

Prof.  W.  C.  Boberts-Austen, 
P  R  S 

J.  Milne,  F.R.S 

Prof.  W.  J.  Sollaa.  F.R.S.      .. 

Herbert  Jackson  

Prof.  Charles  Richet 

Prof.  J.  Fleming.  F.R.S 

.  Prof.  F.  Gotch,  F.R.S ' 

iProl  W.Stroud 

.||»rof.  W.  Bamsay,F.R.S 

:F.  Parwin,F.R.S.,, | 


Subject  of  Diaooorse 


Primeval  Man. 

Mental  Imagery. 

The  Rise  and  Progress  of  Palteon* 

tolog}'. 
The  Electric  Discharge,  its  Forms 

and  its  Functions. 
Tides. 

Pelagic  Life. 
Recent  Researches  on  the  Distance 

of  tho  Sun. 
Galvanic  and  Animal  Electricity. 
Dust. 

The     Modem    Microscope    in    Re- 
searches on  the  Least  and  Lowest 

Forms  of  Life. 
The  Electric  Light  and  Atmospheric 

Absorption. 
The  Great  Ocean  Basins. 
Soap  Bubbles. 
The  Sense  of  Hearing. 
The  Bate  of  Explosions  in  Gases. 
Explorations  in  Central  Africa. 
The  Electrical  Transmission  of  Power. 
The  Foundation  Stones  of  the  Earth's 

Crust. 
The  Hardening  and  Tempering  of 

Steel. 
How  Plants  maintain  themselves  in 

the  Struggle  for  Existence. 
Mimicry. 

Quartz  Fibres  and  their  Applications. 
Some    Difficulties  in  the    Life  of 

Aquatic  Insects. 
Electrical  Stress. 
Pedigrees. 

Magnetic  Induction. 
Flame. 
The  Discovery  of  the  Physiology  of 

the  Nervous  System. 
Experiences     and      Prospects     of 

African  Exploration. 
Historical  Progress  and  Ideal  So- 
cialism. 
Magnetism  in  Botation. 
The  Work  of  Pasteur  and  its  various 

Developments. 
Safety  in  Ships. 
Man  before  Writing. 
Canada's  Metala. 

Earthquakes  and  Volcanoes. 

Funafuti :  the  Study  of  a  Coral  Island. 

Phosphorescence. 

La  vibration  nerveuse. 

TheCentenary  of  the  ElectricCurrent. 

Animal  Electricity. 

Bange  Finders. 

The    Inert    Constituents    of    the 

Atmosphere. 
Th^  Movements  of  Plants.  ^,^,^1^ 
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Date  and  Plaoe 

1902.  Belfast     .., 

1903.  Southport 


Lecturer 


Prof.  J.  J.  Thomson,  F.R.S.... 
Prof.  W.  F.  R.  Weldon,  F.R.S. 
Dr.  R.  Munro    ., 

Dr.  A.  Rowe  


Subject  of  Discourse 

Becquerel  Rays  and  Radio-activitj. 

Inheritance. 

Man  as  Artist  and  Sportsman  in  the 

Palseolithic  Period. 
The  Old  Chalk  Sea,  and  some  of  its 

Teachings. 


LECTURES  TO  THE  OPERATIVE  CLASSES. 


Date  and  Plaoe 


1867. 
1868. 
1869 


1870. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1879. 
1880. 
1881. 

1882. 

1883. 

1884. 
1886. 
1886. 

1887. 
1888. 
1889. 

1890. 
1891. 
1892. 
1893. 
1894. 
1896. 
1896. 
1897. 
1898. 


Dundee.., 
Norwich 
Exeter  ... 


Liverpool... 
Brighton  ... 
Bradford  ... 

Belfast 

Bristol 

Glasgow  ... 
Plymouth... 
Sheffield  ... 
Swansea  ... 
York 


Southamp- 
ton. 
Southport 
Montreal ... 
Aberdeen... 
Birmingham 

Manchester 

Bath 

Newcastle- 
upon-Tyne 

Leeds  

Cardiff 

Edinburgh 
Nottingham 

Oxford 

Ipswich  ... 
Liverpool... 
Toronto  ... 
Bristol , 


1900. 
1901. 

1902. 
1903. 


Bradford  ... 
Glasgow  ... 

Belfast     ... 
Southport 


Lecturer 

Prof  .J.  Tyndall,  LL.D.,P.R.S. 
Prof.  Huxley,  LL.D.,  F.R.8. 
Prof.  Miller,  M.D.,  F.R.S.   ... 


Sir  John  Lubbock.Bart.,P.R.S. 
W.8pottiswoode,LL.D.,F,R.S, 
C.  W.  Siemens,  D.C.L.,  F.R.S. 

Prof.  Odling,  F.R.S 

Dr.  W.  B.  Carpenter,  P.R.S. 
Commander  C^eron,  O.B.... 

W.  H.  Preece 

W.  E.  Ayrton 

H.  Seebohm,  F.Z.S 

Prof.      Osborne      Revnolds, 

F.R.S. 
John  Evans,  D.C.L.,Treas.R.S. 

Sir  F.  J.  Bramwell,  F.R.S.  ... 

Prof.  R.  S.  Ball,  F.R.S 

H.  B.  Dixon,  M.A 

Prof.  W.  C.  Roberts-Austen, 
F.R.S. 

Prof.  G.  Forbes,  F.R.S 

Sir  John  Lubbock,  Bart.,F.R.S. 
B.  Baker,  M.Inst.C.B 

Prof.  J.  Perry,  D.Sc,  F.R.S. 
Prof.  8.  P.  Thompson.  F.R.S. 
Prof.  C.  Vernon  Boys,  F.R.S. 

Prof.  Vivian  B.  Lewes 

Prof.  W.  J.  Sollas.  F.R.S.    ... 

DY.  A.  H.Fison 

Prof.  J.  A.  Fleming,  F.R.S. 

Dr.  H.  O.  Forbes   

Prof.  E.  B.  Poulton,  F.R  S. 


Prof.  S.  P.  Thompson,  F.R.S. 
H.  J.  Mackinder,  M.A 


Prof.  L.  C.  Miall,  F.R.S. . 
Dr.  J.  8.  Flett  


Subject  of  Diacouraa 

Matter  and  Force. 

A  Piece  of  Chalk. 

The  modes  of  detecting  the  Com- 
position of  the  Sun  and  other 
Heavenly  Bodies  by  the  Spectrum. 

Savages. 

Sunshine,  Sea,  and  Sky. 

Fuel. 

The  Discovery  of  Oxygen. 

A  Piece  of  Limestone. 

A  Journey  through  Africa. 

Telegraphy  and  the  Telephone. 

Electricity  as  a  Motive  Power. 

The  North-East  Passage. 

Raindrops,  Hailstones,  and  Snow- 
flakes. 

Unwritten  Histoiy,  and  how  to 
read  it. 

Talking  by  Electricity— Telephones. 

Comets. 

The  Nature  of  Explosions. 

The  Colours  of  Metals  and  their 
Alloys. 

Electric  Lighting. 

The  Customs  of  Savage  Races. 

The  Forth  Bridge. 

Spinning  Tops. 

Electricity  in  Mining. 

Electric  Spark  Photographs. 

Spontaneous  Combustion. 

Geologies  and  Deluges. 

Colour. 

,  The  Earth  a  Great  Magnet. 
'  New  Guinea. 

The  ways  in  which  Animals  Warn 
their  enemies  and  Signal  to  their 
friends. 

Electricity  in  the  Industries. 

The  Movements  of  Men  by  Land 
and  Sea. 

Gnats  and  Mosquitoes. 

Martinique  and   St.  Vincent:    the 
I     Eruptions  of  1902. 
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OFFICERS   OF   SECTIONAL  COMMITTEES   PRESENT  AT 
THE  SOUTHPORT  MEETING. 

SBCnON   A. — MATHEMATICAL  AND   PHYSICAL  8CIKNCK. 

Pre#u&tt/.— Charles  Vernon  Boys,  F.R.S. 

Viee-PresiderU8,—Prot  L.  Boltzmann  ;  Prof.  O.  Hcttrici,  F.R.S. ;  Prin- 
cipal Griffiths,  F.R.S.  ;  Prot  E.  Mascart ;  Prof.  Simon  Newcomb ; 
Dr.  W.  N.  Shaw,  F.R.S.  ;  Prof.  H.  H.  Turner,  F.RS. 

Secretaries.— D.  E.  Benson ;  A.  R  Hinks,  M.A. ;  R.  W.  H.  T.  Hudson, 
M.A.  ;  C.  H.  Lees,  D.Sc.  (Recorder);  J.  Loton,  M.A. ;  A.  W. 
Porter,  B.Sc. 

SECTION  B.— CHEMISTRY. 

Pre9ideTU.—Vrol  Walter  Noel  Hartley,  D.Sc.,  F.R.S. 
Vice-Presidents.— Trot  J.  Campbell  Brown,  D.Sc. ;  Prof.  E.  Divers,  F.R.S.} 

Prof.  F.  Stanley  Kipping,  F.R.S.  ;  Prof.  Sydney  Young,  F.RS. 
Secretaries. — M.  O.  Forster,  Ph.D.  ;  Prof.  G.  G.  Hender8on,D.Sc. ;  James 

Ohm,  M.A. ;  Prof.  W.  J.  Pope,  F.R.S.  (Recorder). 

SECTION  C— OBOLOOY. 

President.— Froi.  W.  W.  Watts,  M.A,  M.Sc. 

Vice-Presidents.— Troi.  W.  Boyd  Dawkins,  F.R.S.  ;  G.  W.  Lamplugh  ) 

Clement  Reid,  F.R.S. ;  A.  S.  Woodward,  F.R.S. 
Secretaries. — H.  L.  Bowman,  M.A. ;  Rev.  W.  L.  Carter,  M.A. ;  J.  Loidas  ; 

H.  W.  Monckton  (Recorder). 

SECTION  D. — ZOOLOGY. 

President.— Prot  Sydney  J.  Hickson,  F.RS. 

Vice-Presidents.— ¥.   E.   Beddard,  F.RS. ;  J.  SUnley  Gardiner,  M.A. ; 

Prof.  G.  B.  Howes,  F.R.S.  ;  D.  Sharp,  F.R.S. 
Secretaries. — J.  H.  Ashworth,  D.Sc. ;  J.  Barcroft,  M.A.,  B.Sc.  ;  Alfred 

Quayle ;  J.  Y.  Simpson,  D.Sc.  (Recorder)  ;  H.  W.  Marett  Tims,  M.D. 

SECTION  K. — GEOGRAPHY. 

President.— Capt  Ettrick  W.  Creak,  R.N.,  C.B.,  F.RS. 

Vice-Presidents.— Tempest  Anderson,  M.D. ;  H.  R.  Mill,  D.Sc. ;  Com- 
mander D.  Wilson-Barker,  R.N.R,  F.RS.E. 

Secretaries. — Edward  Heawood,  M.A.  (Recorder)  j  A*  J.  Herbertson  j 
E.  A.  Reeves ;  Capt.  J.  C.  Underwood. 
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SECTION  F. — ECONOMIC  SCIENCE  AND  StATtSTlCS. 

President, — Edward  "W.  Brabrookj  C.B; 

Vice-Presidents.— E.  Cannan,  LLiD. ;  Sii-  Robert  Giffen,  KC.B.,  F.R.S.  ; 

Sir  Bosdin  T.  Leech. 
Secretaries.— A,  L.  BoWley,  M.A,  (Recorder)  ;  Prof.  S.  J.  Chapman,  M. A. ; 

B*  W.  Qinabui^,  M*A.,  LkD.  j  George  Lloyd. 


SfiCtlOl^   0. — ENGINEERING. 

President— C.  ttawksley,  M.tnst.C.E. 

Vice-Presidents,— Trot  J*  Perry,  F.R.S. ;  Capt.  H.  Riall  Sankey,  fe.A.  ; 

Sir  J.  I.  Thomeycroft,  P.R.S. 
Secretaries.— VroL  W.  E.  Dalby,  M.A. ;  W.  T.  Maccall,  M.Sc. ;  W,  A. 

Price,  M.A.  {Recorder)* 


SECTION   H. — ANTHROPOLOGY. 

President Prof.  Johnson  Symington,  M.D„  F.R.S.,  F.R.S.E. 

Vice-Presidents. — H.  Balfour,   M.A. ;   E.  Sydney   Hartland  ;   Prof.  W. 

Ridgeway,  M.A, 
Secretaries.— K   N.    Pallaize,   M.A.  ;    H.   S.  Kingsford,  B.A.  ;    R.    M 

Littler,  F.R.C.S. ;  J.  L.  Myres,  M.A.  (Recorder). 

SECTION   K. — BOTANY. 

President.— Albert  Charles  Seward,  M.A.,  F.R.S. 

Vice-Presidents. — Prof.  R.  J.  Harvey  Gibson,  M.A. ;  Prof.  J.  R.  Gre^h,- 
F.R.S. ;  Prof.  H.  MarshaU  Ward,  F.R.S. 

Secretaries. — Henry  Ball ;  A.  G.  Tansley,  M.A.  ;  Harold  Wager  {Re- 
corder) ;  R.  H.  Yapp,  M.A. 

SECTION   L.— EDUCATIONAL  SCIENCE. 

President.^^YT  William  de  W.  Abney,  K.C.B.,  F.R.S. 
Vice-Presidents.— Vrot  H.  E.  Armstrong,  F.R.S.  ;  H.  W.  Eve,  M.A. ; 

J.  L.  Holland,  B.A. ;  Sir  Oliver  J.  Lodge,  F.R.S. 
Secretaries. — Prof.  R.  A.   Gregory ;  W.   M.  teller,   fi.Sc.  (Recorder) ; 

C.  W.  Kimmins,  D.Sc. ;  H.  Lloyd  Snape,  D.Sc. 
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COMMITTEE   Of  RECOMM£Nl)AtlONS.  htxijf 


COMMITTEE  OF  RECOMMENDATIONS. 

The  President  and  Vice-Presidents  of  the  Meeting  ;  the  Presidents  of 
former  years ;  the  Trustees ;  the  General  and  Assistant  Gfeneral 
Secretaries  ;  the  General  Treasurer  ;  the  Presidents  of  the  Sections  ; 
Prof.  A.  R.  Forsyth  ;  Prof.  Schuster ;  Prof.  H.  B.  Dixon  ;  Prof. 
Pope  ;  G.  W.  Lamplugh  ;  J.  J.  H.  Teall ;  Dr.  D.  Sharp  ;  Dr.  J.  Y. 
Simpson  ;  Dr.  H.  B.  Mill  ;  E.  Heawood  ;  Sir  R.  Giffen  ;  A.  L. 
Bowley  ;  Prof.  J.  Perry  ;  W.  A.  Price ;  H.  Balfour  ;  J.  L.  Myres ; 
H.  Wager ;  Prof.  Marshall  Ward ;  Prof.  H.  E.  Armstrong ; 
W.  M.  Heller ;  W.  Whitaker ;  Prof.  Sherrington ;  J.  Barcroft. 
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IxxX  REPOKT— 1903. 


Dr.  THE  GENERAL  TREASURER'S  ACCOUNT, 

1902-1903.  RECEIPTS. 

Balance  broaght  forward 1666 

Life  Compositions  (inclading  Transfers)   « 361 

New  Annual  Members'  Subscriptions t 20^ 

Annual  Subscriptions 586 

Sale  of  Associates*  Tickets 635 

Sale  of  Ladies*  Tickets  305 

Sale  of  Publications    , 141 

Dividend  on  Consols  »»....  16T 

Dividend  on  India  3  per  Cent-s 101 

Interest  on  Deposit 37 

Unexpended  Balance  of  Grant  returned  by  Committee  on 

the  Zoology  and  Botany  of  the  West  India  Islands. 25    0    0 


1. 

it 

19  11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

12 

4 

5 

0 

11 

6 

£4117    9     4 


InvettffienU. 

£      s.  d. 

Consols    *i 6501  10  5 

India  8  per  Cents    ..» t..u.i 3600    0  0 

£10,101  10  5 
a.  Cabet  Fostbb,  General  Tfrasufifr. 
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GENERAL  TREASURER'S  ACCOUNT.  Ixxxi 

from  July  1,  1902,  to  June  30, 1903.  Or, 

1902-1003.  EXPENDITURE. 

£     f.      d' 
Expenses  of  Belfast  Meeting  (inolnding  Printing,  Adver- 
tising, Payment  of  Clerks,  &c.,  &o.) 148  11     6 

Rent  and  Office  Expenses 91  1  0 

Salaries,&c 626  0  ii 

Printing,  Binding,  &o 1107  1  4 

Contribution  to  Antarctic  Expedition 750  0  0 

Payment  of  Grants  made  at  Belfast : 

£  I.  d. 

Electrical  standards 36  0  0             ' 

Seismological  Obserratious 40  0  0 

Inrestigation  of  the  Upper  Atmosphere  by  meaDS  of  Kites    76  0  0 

Magnetic  Obaerrations  at  Falmouth    .., 40  0  0 

Study  of  Hydroaromatio  Substances    20  0  0 

Brratic  Blocks 10  0  0 

Exploration  of  Irish  Cares 40  0  0 

Underground  Waters  of  North-west  Yorkshire    40  0  0 

Life-xones  in  British  Carboniferous  Rocks     « 6  0  0 

Geological  Photographs 10  0  0 

l^ble  at  the  Zoological  Station,  Naples 100  0  0 

Index  Oenerum  et  Speolerum  Animalinm 100  0  0 

Tidal  Bore,  Sea  Waves,  and  Beaches    16  0  0 

SoottlBh  National  Antarctic  Expedition 60  0  0 

Legislation  affecting  Women's  Labour  S6  0  0 

Kesearches  in  Crete  100  0  0 

Age  of  Stone  Circles 8  13  2 

Anthropometric  Investigation  6  0  0 

Anthropometry  of    the    Todas  and  other   Tribes   of 

Southamlndia 60  0  0 

The  State  of  Solution  of  Protdds 90  0  0 

Investigation  of  the  Cyanophyoesa 86  0  0 

Be!>piTation  of  Plants  12  0  0 

Conditions  of  Health  essential  for  School  Instruction    ..      6  0  0 

Corresponding  Societies  Committee SO  0  0 

845  IS     2 


3468     7     9 


Balance  at  Bank  of  England  (Western  Branch)  £698    7    3 
i>«  Cheque  not  presented  62  10    0 


645  17    3 
Cash  in  hand 3    4    4 


649     1     7 
£4117    9    4 


I  hare  examined  the  above  Account  with  the  books  and  vouchers  of  the  Associa- 
tion, and  certify  the  same  to  be  correct.  I  have  also  verified  the  balance  at  the 
Bankers',  and  have  ascertained  that  the  Investments  are  registered  in  the  names 
of  the  Trustees. 

Af^iroved —  W.  B.  Kern,  Chartered  Accountant, 

L.  L.  Phicb.  1    .,..  ^.  3  Church  Court,  Old  Jewry,  E.O. 

K.  W  Brabbook,  /  ^  "^*^^'-  jyiy  23,  1903. 
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BEPORT^1903. 


Table  8howing  tlie  Attendance  cmd  Receipts 


■ 

Dale  of  Meeting 

Where  held 

Presidents 

Old  Life 
Members 

1 

NewDfc 
Members 

1831,  Sept.  27 

1832,  June  19 

183.%  June  25 

1834,  Sept.  8  

183B,  Aug.  10 

IKJe,  Aug.22 

1837.  Sept.  11 

18.38,  Aug.  10 

1839,  Aug.  26 

1840,  Sept.  17 

1841,  July  20 

1842,  June  23 

1843,  Aug.  17 

1844,  Sept.  26 

1846,  June  19 

1846,  Sbpt.  10  .  ... 

1847,  Jime23 

1848,  Aug.  9    

1849,  Sept.  12 

1850,  July  21  

1851,  .July  2 

1862,  Sept.  1   

1853,  Sept.  8   

1864,  Sept.  20 

1865,  Sept.  12 

1866,  Aug.  6    

1867,  Aug.  26 

1868,  Sept.  22 

1859,  Sept.  14 

1860,  June  27 

1861,  Sept.  4    

1862,  Oct.    1    

1863,  Aug.  26 

1864,  Sept.  13 

1865,  Sept.  6    

1866,  Aug.  22 

1867,  Sept.  4   

1868,  Aug.  19 

1869,  Aug.  18 

1870,  Sept.  14 

1871,  Aug.  2    

1872,  Aug.  14 

1878,  Sept.  17 

1874,  Aug.  19 

1875,  Aug.  25 

1876,  Sept.  6   

1877,  Aug.  15 

1878,  Aug.  14 

1879,  Aug.  20 

1880,  Aug.  25 

1881,  Aug.  31 

1882,  Aug.  23 

.  1883,  Sept.  19 

1884,  Aug.  27 

i  1886,  Sept.  9    

1886,SetJt.l    

1887,  Aug.  31 

1888,  Sept.  6   

1889,  Sept.  11 

,  1890,  Sept.  3    

1891,  Aug.  19 

1892,  Aug.  3    

1893,  Sept.  13 

1894,  Aug.  8    ...... 

1896,  Sept.  11 

1896,  Sept.  16 

189t,  Aug.  18 

York  

The  Earl  Pitzwilliam,  D.O.L..  P.ItS. 
The  Rev.  W.  Buckland,  F.R.S.  

- 

66 
169 
28 
150 
36 
10 
18 
3 
12 
9 
8 
10 
13 
23 
33 
14 
IS 
42 
27 
21 
113 
IS 
36 
40 
44 
31 
25 
18 
21 
39 
28 
86 
27 
13 
36 
36 
19 
18 
16 
11 
28 
17 
60 
20 
18 
26 
86 
86 
20 
21 
24 
14 
17 

n 

31 
8 
19 
20 
13 
87 
21 
21 

Oxford 

Cambridge    

Etlinburgh    

Dublin   

Bristol   

Liverpool  

New«i8tle-on-Tyno . . . 

Birmingham    

Glasgow 

Plymouth 

Manchester  

The  Rev.  A.  Se<igwick,  F.R.S 

Sir  T.  M.  Brisbane,  D.C.L.,  P.R.S. ... 
The  Rev.  Provost  Lloyd.LL.D.,  F.R.S. 
The  Marquis  of  Lansilowne,  P.R.S.... 

The  Earl  of  Buriington,  P.R.8. 

The  Duke  of  Northumberland,  P.R.S. 
Tlie  Rev.  W.  Venion  Harcourt,  P.R.S. 
The  Marquis  of  Breadalbane,  F.R.S. 
The  Rev.  W.  WheweU,  F.R.S 

169 
303 
109 
226 
313 
241 
314 
149 
227 
235 
172 
164 
141 
238 
194 
182 
286 
222 
184 

The  Lord  Francis  Eperton,  P.G.S.  ... 

The  Earl  of  Rosse,  P  JI.S 

ITie  Rev.  G.  Peacock,  D.D..  P.R.S.  ... 
Sir  John  P.  W.  Herschcl,  Bart.,  F.R.S. 
Sir  Roderick  I.Murchl8on,Bftrt.,P.R.S. 
Sir  Robert  H.  IngliR,  Bart.,  F.R.S.   ... 
TheMarquis  of  Northampbon,Pr»»s.R.S. 
The  Rev.  T.  R.  Robinson.  D.D..  F.RS. 

Sir  David  Brewster,  K.H.,  P.R.S 

(}.  B.  Airy,  Astronomer  Royal,  P.R.S. 
Liout.-Qoneral  Sabine,  F.R.S.    .  .  . 

Cork  

York 

Cambridj;e    

Southampton  

Oxibrd   

Swanaea 

Edinburgh    

Ipawioh    

Belfast  

Hull   , 

William  Hopkins,  F.R.S 

Liverpool  ...^ 

GUtfgow 

Cheltenham 

Dublin  

The  Karl  of  Harrowby,  P.R.S.  

Tlie  Duke  of  Argyll,  P.R.S 

Prof. (\  G.  B. Daul>Bny,  M.D.,  P.R.6.... 

The  Rev.  H.  Lloyd,  D.D.,  P.R.8 

Richanl  Owen,  M.D..  D.O.L.,  P.RA... 
H.R.H.  The  Prince  Consort  

Leeds 

Aberdeen  

Oxford  

Manchester 

Cambridge    

Newca8tle^)n-Tyne. , . 
Bath  

The  Lord  Wrotteeley,  M.A.,  F.R.B.  ... 

William  Fairbalm,  LL.D.,  F.R.S 

The  Rev.  Professor  Wlllla,MA.,P.R.S. 
SirWilliam  ft.  Armstrong.C.B.,  F.R.S. 
Sir  Charles  LyeU,  Bart.,  M.A.,  P.R.S. 

286 
321 
239 
203 
287 

Birmingham 

Nottingham 

Dundee 

Prof.  J.  Phillips,  M.A.,  LL.D.,  F.R.8. 

WUllam  R.  Grove,  Q.C.,  P.R.S 

The  Duke  of  Buocleuoh,  K.(\B.,F.R^S. 

Dr.  Joseph  D.  Hooker.  F.R.S 

Prof.  G.  G.  Stokes,  D.C.L.,  F.IVB. 

Prof.  T.  H.  Huxley,  LL.D.,  F.R.a  ... 
Prof.  Sir  W.  Thomson,  LL.D.,  F.R.S. 

Dr.  W.  B.  Carpenter,  F.R.S 

Prof.  A.  W.  WlUlamson,  P.R,S 

Prof.  J.  Tvndall,  LL.D.,  FJI.S 

292 
207 
167 
196 
204 
314 
246 
245 
212 
162 
239 
221 
173 
201 
184 
144 
272 
178 
203 
236 
225 
314 
428 
266 
277 
269 
189 
280 
201 
827 
214 
330 
120 
281 
296 
267 
310 
243 
260 

Norwich    

Exeter    

Liverpool  

Edinburgh    

Brighton  

Bradford  

Belfast  

Bristol  

Glasgow    

Sir  .John  Hawkshaw.  FJI.S 

Prof.  T.  Andrews,  M.D.,  F.R.S 

Prof.  A.  Thomson.  M.D.,  F.U.8 

W.  Spottlswootle,  MJV.,  F.R.8 

Plymouth 

DnWin   

Sheffield 

Swansea 

York  

Southampton  

Sonthport 

Montreal   

Aberdeen  

Prof.  G.  J.  Allman,  M.D„  P.R.S.  

A.  0.  Ramsav,  LL.D.,  P.R.S 

Sir  John  Lubbock,  Bart.,  F.R.S 

Dr.  C.  W.  Siemens  P.R.S.  

Prof.  A.  Cavley,  D.C.L.,  P.R.S 

Prof.  I»rd  Raylelgh,  F.R.S 

Sir  Lvon  Plavfair,  K.C.B.,  PJI.S. 

Sir  J.  W.  Dawson,  C.M.G.,  P.R.S 

Sir  H.  B.  Roscoe,  D.C.L.,  P.R.S 

Sir  F.  J.  Bramwell.  F.R.S. 

Prof.  W.  H.  Flower,  (\B.,  F.R.S 

Sir  F.A.Abel,  C.B.,  F.R.S 

Dr.  W.  Hugglns,  F.R.S 

Sir  A.  Gelkie,  LL.D.,  F.R.S 

Prof.  J.  S.  Bnrdon  Sanderson,  F.R,S. 
The  Marquis  of  Salisbury ,K.G.,F JI.S. 
Sir  Douglas  Galton,  K.C.B.,  FJI.S.  ... 
Sir  Joseph  Lister,  Bart.,  Pres.  R.S.  ... 
Sir  John  Evans,  K.C.B.,  F.R,S 

Birmingham    

Bath             

Newcastle-on-Ty  ue. . . 

Leeds 

Cardlflf   

Edinburgh    

Nottingham 

Oxford    

Ipswich 

Liverpool  

Tbronto 

Bristol    

Dover 

1898,  Sept.  7    

1899,  Sept.  13 

1900,  Sept.  6   

1901,  Sept.  11 

1902,  Sept.  10 

1903,  Sept.  9   

Sir  W.  Crookes,  F.R.S 

Sir  MIcliael  Foster,  K.C.B..  Sec.R.S... 
Sir  William  Turner,  D.C.L..  P.R.S. ... 
Prof.  A.  W.  RUcker.  D.Sc.,  SecJl.S. ... 

Prof.  J.  Dewar,  LL.D.,  F.R.S 

Sir  Norman  Lockyer,  K.C.B.,  P.R.S. 

Bradford   

Glasgow 

BelfB^H  

douthport  

•  Ladies  were  not 

admitted  by  purchascc 

1  tickets  until  1848.     f  Tickets  of  Adi 
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ATTENDANCE  AND  RECEIPTS  AT  ANNUAL  MEETINGS.         IxXXUi 


al  Annual  Meetingn  of  the  A9$oe%atum, 


Old 

AnnMl 

1  Kembers 

New 
Anniml 
Members 

cUtes 

UdlM 

1 

■     ToUl 
868 

MeeUiig         I'urpoaM 

Year 





1881 

__ 

__ 

_ 

_ 

» 

_ 

_                   — _ 

1832 





— 

— 



900 

—         1          — 

1838 





— 

^- 

_ 

1298 

—          1   £20    0    0 

1834 





— 

— 

— . 



—          ;     167    0    0 

1836 





_ 

— . 

— . 

1360 

—          1     436    0    0 

1836 











1840 

—          '     922  12    6 

1837 

_ 



_ 

llOO* 

__ 

2400 

—               932    2    2 

1838 

__ 



— 

— . 

84 

1438 

—          1  1696  11     0 

1839 





— . 



40 

1363 

—          f  1646  16    4 

1840 

4« 

817 

— _ 

60» 



891 

—              1235  10  11 

1841 

76 

376 

8St 

831« 

28 

1316 

—           1   1449  17    8 

1842 

71 

186 

_  ' 

160 

— . 



—              1666  10    2 

1813 

46 

190 

•t 

260 

_ 

— 

—               981  12    8 

1844 

1        M 

29 

407 

172 

86 

1079 

—           ,     831     9    9 

1846 

'        66 

39 

270 

196 

36 

867 

—           \     685  16    0 

1846 

1      197 

40 

496 

203 

68 

1820 

—           '     208    6    4 

1847 

1         64 

26 

876 

197 

16 

819 

£707    0    0       276     1     8 

1848 

1        9S 

88 

447 

287 

22 

1071 

968    0    0       169  19    6 

1849 

128 

42 

610 

273 

44 

1241 

1086    0    0       846  18    0 

1860 

1           til 

47 

244 

141 

87 

710 

620    0    0       391     9    7 

1861 

'        63 

60 

610 

292 

9 

1108 

1086    0    0       304    6     7 

1862 

66 

67 

867 

236 

6 

876 

903    0    0       206     0    0 

1868 

121 

121 

766 

624 

10 

1802 

1882    0    0  ,     880  19    7 

1864 

US 

101 

1094 

643 

26 

2138 

2311     0    0       480  16    4 

1866 

,       104 

48 

412 

346 

9 

1116 

1098    0    0       734  13    9 

1866 

'      166 

120 

900 

669 

26 

2022 

2015    0    0       607  16    4 

1857 

111 

91 

710 

609 

18 

1698 

1931    0    0       618  18    2 

1858 

126 

179 

1206 

821 

22 

2664 

2782    0    0       684  1 1     1 

1859 

177 

69 

636 

463 

47 

1689 

1604    0    0       766  19    6 

1860 

1»4 

125 

1689 

791 

16 

3138 

3944    0    0     nil     6  10 

1881 

160 

67 
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REPORt  OF  THE  COUNCIL.  IxxxV 


Report  of  the  Council  for  iJie  Year  1902-1903,  presented  to  the  General 
Committee  at  Soutliport  on  Wednesday,  September  9,  1903. 

The  following  resolutions  were  referred  to  the  Council  by  the  General 
Committee  for  consideration,  and  action  if  desirable  : — 

I.  '  That  the  Council  be  requested  to  impress  upon  His  Majesty's 
Government  the  desirability  of  appointing  an  Inspector  of  Ancient 
Monuments  under  the  Ancient  Monuments  Act  in  the  place  of  the 
late  Lieut.-General  Pitt-Rivers.* 

II.  *  That  the  Council  be  requested  to  call  the  attention  of  His 
Majesty's  Government  to  the  destruction  of  Ancieno  Monumente, 
especially  on  Dartmoor,  which  is  authorised  under  the  terms  of  the 
Highway  Act,  5  «fe  6  Wm.  IV.,  c.  50,  the  provisions  of  which  are 
unrepealed  by  later  Acts  ;  and  to  urge  the  repeal  of  this  section  of 
the  Act.' 

III.  '  That  the  attention  of  the  Royal  Irish  Academy  be  drawn 
to  the  importance  of  organising  and  carrying  out  a  Pigmentation 
Survey  of  School  Children  in  Ireland.' 

A  Committee,  consisting  of  the  General  Officers  and  Dr.  A.  C. 
Haddon,  was  appointed  to  draw  up  a  Memorandum  to  give  effect  to  these 
resolutions,  and  with  the  approval  of  the  Council  the  following  letter  was 
addressed  to  the  First  Commissioner  of  Works  and  Public  Buildings  : — 

*  British  Association  for  the  Adyanoement  of  Science, 
*  Burlington  House,  London,  W., 
•March  31. 1903. 

*  Sib, — I  am  desired  by  the  Council  of  the  British  Association  for 
the  Advancement  of  Science  to  inform  you  that  in  their  opinion  it  is 
very  desirable  that  an  Inspector  under  the  Ancient  Monuments  Act  be 
aj^inted  in  succession  to  the  late  Q^neral  Pitt-Rivers. 

'  Since  the  death  of  the  late  Inspector  of  Ancient  Monuments  there 
is  no  one  with  scientific  knowledge  of  the  subject  whose  business  it  is  to 
superintend  the  operations  of  the  Act. 

'  The  ancient  monuments  of  Great  Britain  as  a  whole  are  not  subject 
to  any  regular  official  inspection,  and  this  lack  of  a  personal  interest  in 
the  monuments  generally  results  in  their  neglect  by  their  owners  and  by 
local  authorities.  The  Council  feel  confident  if  an  active  and  enthusiastic 
scientific  Inspector  of  Ancient  Monuments  were  appointed  many  more 
monuments  would  be  placed  under  the  Act,  and  would  thereby  be 
preserved  for  and  by  the  nation. 

*  I  have  the  honour  to  be  your  obedient  Servant, 
/  (Signed)  *  Jambs  Dbwab,  President.' 

To  this  letter  the  following  reply  was  received  : — 

»H.M.  Office  of  Works,  April  8,  1903. 
*SiB, — With  reference  to  your  letter  of  the  31st  ultimo  I  am  directed 
by  the  First  Commissioner  of  His  Majesty's  Works,  &c.,  to  acquaint  you, 
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for  the  information  of  the  Council  of  the  British  Association,  ttat 
the  question  of  the  appointment  of  an  Inspector  under  the  Ancient 
Monuments  Act  is  now  engaging  the  attention  of  the  Board. 

*  I  am,  Sir,  your  obedient  Servant, 
(Signed)  *  Scuomberg  K.  McDonnell.' 

On  the  Resolution  II.  the  following  letter  was,  with  the  approval  of  the 
Council,  addressed  to  the  President  of  the  Local  Government  Bo^rd  : — 

*  British  Association  for  the  Advancement  of  Science, 
•Burlington  Hoase,  liondon,  W., 

♦March  31, 1903. 

•  8iR, — I  am  desired  by  the  Council  of  the  British  Association  for  the 
Advancement  of  Science  to  call  your  attention  to  the  fact  that  in  different 
parte  of  the  country,  and  especially  on  Dartmoor,  much  damage  has  been 
and  is  still  being  done  to  Ancient  Monuments  by  the  materials  of  which 
they  are  constructed  being  taken  for  mending  roads  in  the  vicinity  under 
cover  of  the  Highway  Act,  5  <fc  6  Wm.  IV.,  c.  50,  ss.  li.-liv. 

'  Aa  the  surface  stones  near  to  the  highways  become  used  up,  and 
road-mending  material  has  to  be  brought  from  greater  distances,  the 
destruction  of  Ancient  Monuments,  particularly  those  in  the  vicinity  of 
the  highways^  has  proceeded  apace  by  the  hands  of  the  contractors' 
emplopi^s, 

'  The  Council  desire  in  the  name  of  this  Association  to  express  their 
opinion  that  the  Act  above  mentioned  should  be  amended,  or  other  means 
taken  to  secure  tis  speedily  as  possible  the  protection  of  Ancient  Monu- 
ludnts  of  all  kinds  from  further  destruction  in  the  manner  indicated. 

*  I  am.  Sir, 

*  Your  obedient  Servant, 

(Signed)  *  James  Dkwar. 

•To  theRt.  Hon. 

*  President  of  the  Local  Qovernment  Board.* 


To  the  above  letter  the  following  replies  hare  been  received  j— 

'  Local  Qovernment  Board« 

«  Whitehall,  S.W.,  April  22, 1903. 

*  Sift, — I  ilm  diiected  by  the  Local  Government  Board  to  advert  to 
}rour  letter  of  the  31st  ultimo  with  respect  to  the  protection  of  Ancient 
Monumetits  atid  to  state  that  the  amendment  of  the  Highway  Act  sug- 
gested  in  your  letter  will  be  noted  by  the  Board. 

^  I  am  to  add  that,  having  regard  to  the  provisions  of  the  Ancient 
Monumetits  Protection  Acts,  the  Board  have  sent  a  copy  of  your  letter  to 
the  Commissioners  of  Works. 

^  I  am  also  to  suggest  that,  looking  to  the  terms  of  the  Ancient  Monu^ 
IHents  Protection  Act  of  1900,  the  Association  might  bring  the  matter 
Under  the  notice  of  the  respective  County  Councils. 

*  I  am.  Sir, 

*  Your  obedient  Servant, 
(Signed)      'H.C.Howes, 

^Assidtant  Secretary, 
<  Professor  Dewar,  F.R.S.' 


Digitized  by  CjOOQIC 


KEPORf  OF  THE  CouNClL.  Ixxxvii 

« H.M.  Office  of  Works. 

*  April  30,  1903. 

•  Sir, — A  copy  of  your  letter  of  the  31  st  ultimo  to  the  President  of  the 
Local  Government  Board  having  been  forwarded  to  this  Department,  I  am 
directed  by  the  First  Commissioner  of  His  Majesty's  Works,  6ic,,  to  state 
that  it  appears  to  this  Board  that  the  prevention  of  the  damage  to  Ancient 
Monuments,  to  which  you  invite  attention,  is  a  matter  in  which  the 
County  Councils  could  most  effectively  take  action,  certain  powers  being 
conferred  on  those  bodies  by  the  Ancient  Monuments  Act  1900  (63  «fc  6i 
Vic,  c.  34). 

•  I  am.  Sir, 

*  Your  obedient  Servant, 

(Signed)    *  SoHOMBBRG  K.  McDonnell. 
•Professor  Dewar,  F.R.S.' 

On  the  Resolution  III.  the  following  letter  was  addressed,  with  the 
approval  of  the  Council,  to  the  President  of  the  Royal  Irish  Academy  : — 

*  British  Association  for  the  Advancement  of  Science, 

*  Barlington  House,  London,  W., 

•March  31,  1903. 

'  Draa  Sir, — I  am  desired  by  the  Council  to  inform  you  that  at  the 
meeting  of  the  British  Association  for  the  Advancement  of  Science  held 
last  year  at  Belfast  the  question  of  the  desirability  of  organising  a 
Pigmentation  Survey  of  the  School  Children  in  Ireland  was  discussed  on 
the  reading  of  a  paper  on  that  subject  by  Mr.  J.  F.  Tocher,  a  copy  of 
which  is  herewith  inclosed. 

•  The  Council  venture  to  hope  that  the  Royal  Irish  Academy,  having 
for  many  years  interested  itself  practically  in  the  investigation  of  the 
Ethnography  of  Ireland,  will  carefully  consider  the  scheme  outlined  in 
the  paper,  and  may  be  induced  to  take  up  the  work. 

•  The  Council  are  of  opinion  that  as  a  Pigmentation  Survey  of  the 
School  Children  in  Scotland  is  at  present  being  conducted,  a  correspond- 
ing survey  of  the  School  Children  in  Ireland  would  be  of  considerable 
scientific  value,  and  could  not  be  carried  out  under  better  auspices  than 
those  of  the  Royal  Irish  Academy. 

*  I  am,  Sir, 

*  Yours  faithfully, 
(Signed)     'James  Dewar,  President 
•  To  the  President  of  the 

^  Royal  Irish  Academy,  Dublin/ 

The  following  letter  was  received  from  the  Colonial  Secretary  for 
Bermada : — 

'  Colonial  Secretary's  Office,  Hamilton,  Bermuda, 

♦  October  17,  1902. 

•  Sib, — I  am  directed  by  His  Excellency  the  Governor  of  Bermuda  to 
request  you  to  be  good  enough  to  submit  the  following  matter  for  the 
consideration  of  the  British  Association  for  the  Advancement  of  Science. 

'  A  Committee  of  the  Legislature  of  this  Colony,  appointed  to  consider 
and  report  what  steps  it  would  be  desirable  to  take  locally  with  a  view 
to  the  establishment  and  maintenance  of  a  Marine  Biological  Station  in 
these  islands,  has  reported  in  favour  of  the  establishment  of  such  a  station, 
and  has  recommended  that  the  X^egisJature  should  make  provision  for  its 
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erection  and  ordinary  equipment.     This  report  has  been  adopted  by  the 
House  of  Assembly. 

*  The  Committee  has  in  its  report  further  recommended  that  before 
the  Legislature  derides  to  take  any  definite  action  in  the  matter  8t^>s 
should  be  taken  to  endeavour  to  ascertain  whether  certain  eminent 
scientific  bodies  and  institutions  both  in  the  United  Kingdom  and  in 
Ihe  United  States  of  America  would  view  with  approval  the  establish- 
ment of  such  a  station  in  these  islands  for  purposes  of  scientific  research, 
and  to  inquire  also  to  what  extent  such  institutions  would  be  prepared 
to  co-operate  with  this  Colony  in  the  matter,  and  to  assist  in  making  the 
station  one  of  an  international  character  and  suitable  for  the  prosecu- 
tion of  advanced  scientific  research. 

*  It  is  possible  that  the  British  Association  might  consider  it  desirable 
to  encourage  the  establishment  and  maintenance  of  the  proposed  Biological 
Station,  and  I  am  requested  to  invite  you  to  be  good  enough  to  submit 
this  communication  to  that  body  for  their  information  and  consideration. 

*  I  have  the  honour  to  be,  Sir, 

*  Your  obedient  Servant, 

(Signed)        *  Eyre  Hutson, 

*  Colonial  Secretary.* 

The  letter  was  referred  to  a  Committee  consisting  of  Professor  Howes, 
Dr.  Ray  Lankester,  Professor  Herdman,  Mr.  G.  Murray,  and  the  General 
Ofticers,  from  whom  the  following  report  was  received  : — 

*  The  Committee  have  to  report  that  in  their  opinion  the  establish- 
ment of  a  Marine  Biological  Laboratory  at  Bermuda  is  very  desirable, 
the  island  being  most  favourably  situated  for  the  purpose,  inasmuch  as 
it  permits  of  the  study  of  coral  reefs  and  the  many  other  interesting 
forms  and  problems  of  marine  life  associated  therewith  under  climatic 
conditions  excellently  adapted  for  European  workers. 

*  It  appears  from  the  letter  of  the  Colonial  Secretary  of  Bermuda  that 
the  Legislature  of  the  Colony  has  resolved  to  erect  and  equip  the  labora- 
tory, and  that  the  support  asked  for  is  a  contribution  in  the  form  of  a 
grant  or  grants  towards  its  maintenance. 

*  The  Committee  consider  it  desirable  that  the  attention  of  the  Com- 
mittees of  Sections  concerned  in  marine  problems  of  research  be  directed 
to  the  matter  for  the  purpose  of  determining  whether  any  definite  re- 
searches could  be  usefully  engaged  in  at  the  laboratory  under  the  auspice.s 
of  the  Association,  and  to  what  degree  these  may  be  usefully  advanced 
by  the  appropriation  of  the  funds  of  the  Association. 

*  The  Committee  are  of  opinion  that  in  return  for  any  subsidy  given 
arrangements  should  be  made  with  the  Colonial  Government  to  give 
accommodation  and  special  facilities  in  the  laboratory  to  workera  ap- 
pointed by  the  British  Association.' 

The  report  was  adopted  by  the  Council  and  has  been  referred  to  the 
Organising  Committees  of  Sections  for  the  consideration,  of  those  Sections 
interested  in  marine  problems  of  research  at  the  Southport  Meeting. 

A  considerable  number  of  notifications  of  alterations  in  coast  outline 
having  been  received  from  the  coastguard  stations  of  the  United  King- 
dom, the  Committee  on  Coast  Erosion,  consisting  of  Sir  Archibald  Geikic, 
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Captain  Creak,  Professor  L.  Vernon  Harcourt,  Mr.  Whitaker,  Mr.  A.  T, 
Walmisley,  and  the  General  Officers,  were  reappointed. 

On  the  recommendation  of  the  Committee,  the  Council  anked  Mr.  John 
Parkinson,  F.G.S.,  of  Cambridge,  to  undertake  the  tabulation  of  the 
returns  at  a  fee  of  ten  guineas,  and  a  further  sum  of  5^.  was  placed  at  the 
diq>o6al  of  the  Committee  for  expenses  in  connection  with  the  work. 

A  valuable  report  and  map  have  been  prepared  by  Mr.  Parkinson, 
which  the  Committee  have  incorporated  in  their  report  to  the  Council. 
The  Council  recommend  that  the  report  be  read  in  the  Geological  Section 
at  Southport,  and  published  in  the  Report  of  the  Association,  and  that  the 
Lords  of  the  Admiralty  be  apprised  of  the  valuable  information  which 
has  been  collected  with  their  assistance  and  co-operation. 

Hie  following  letter  was  received  from  the  then  Secretary  of  the 
Corresponding  Societies  Committee  ; — 

*  British  Associatioo  for  the  Advancement  of  Science, 
'  Burlington  Uonse,  London,  W., 

♦July  4. 1902.      . 

•  Dear  Sirs, — The  Corresponding  Societies  Committee  are  of  opinion 
that  some  improved  means  of  giving  information  to  the  Societies  as  to 
how  they  can  aid  by  local  investigations  the  work  of  Committees  is  very 
desirable. 

'By  the  present  arrangements  the  Societies  are  little  more  than 
placed  in  a  position  to  communicate  with  those  from  whom  they  can 
obtain  information  regarding  the  work  they  could  undertake. 

'  My  Committee  therefore  desire  to  suggest  that  each  of  the  Organ- 
ising Committees  of  Sections  be  asked  to  consider  what  local  work  could 
be  usefully  undertaken  by  Corresponding  Societies,  and  draw  up  a  pro- 
gramme of  that  work,  with  directions  as  to  the  method  of  doing  it,  which 
in  course  would  come  before  the  Sectional  Committee,  and  bo  forwarded 
for  communication  to  the  Conference  of  Delegates.  The  schemes  of  the 
several  Sections  would  then  be  incorporated  in  the  Report  of  the  Con- 
ference sent  to  the  Societies  after  the  Meeting,  and  so  come  directly  to 
their  notice. 

*  If  this  suggestion  be  approved  of  by  the  Council,  my  Committee 
desire  to  further  suggest  that  it  could  be  best  given  effect  to  by  direct 
communication  from  the  Council  to  the  Organising  Committees  of 
Sections. 

*  I  am,  yours  faithfully, 
•The  General  Secretaries,  J.  G.  Garsok. 

*  British  Association.' 

The  letter  was  referred  to  a  Committee,  consisting  of  the  President, 
President-elect,  the  General  Officers,  Professor  Armstrong,  Professor 
Meldola,  and  Professor  Perry,  to  consider,  and  to  report  thereon  to  the 
CounciL 

The  Committee  recommended  — 

*  1.  That  the  work  at  present  intrusted  to  the  Secretaries  of  the 
Sectional  Committees  under  Rule  X.  should  devolve  upon  the 
Organising  Committees. 
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*  2.  That  an  official  Invitation  on  behalf  of  the  Council  bfe  addressed 
to  the  Societies,  through  the  Corresponding  Societies  Committee, 
asking  them  to  appoint  standing  British  Association  Sub -Com- 
mittees to  be  elected  by  themselves  with  the  object  of  dealing  with 
all  those  subjects  of  investigation  common  to  their  Societies  and  to 
the  British  Association  Committees,  and  to  look  after  the  general 
interests  of  science  and  scientific  education  throughout  the  provinces 
and  provincial  centres. 

*  They  appended  the  following  remarks  to  their  recommendation  : — 

*  The  Committee  have  considered  the  communication  from  the  Corre- 
sponding Societies  Committee  referred  to  them  by  the  Council,  and  have 
examined  into  the  general  character  of  the  work  carried  on  by  the  Cor- 
responding Societies,  and  the  nature  of  the  subjects  discussed  at  the 
Conferences  of  Delegates  held  annually  under  the  auspices  of  the  British 
Association  since  the  year  1885.  They  are  of  opinion  that  the  range  of 
subjects  very  fairly  covers  most  of  the  branches  of  scientific  investigation 
in  which  local  Societies  might  be  expected  to  bear  a  part.  New  subjects 
are  added  from  time  to  time,  and  means  have  been  taken  by  the  Corre- 
sponding Societies  Committee  to  give  publicity  to  suggestions  for  any 
suitable  line  of  investigation  instigated  by  the  Corresponding  Societies 
themselves.  Of  the  numerous  branches  of  inquiry  being  carried  on  by 
British  Association  Committees  in  which  the  Corresponding  Societies  are 
invited  year  by  year  to  take  a  part,  some  have  been  materially  skssisted  by 
the  Corresponding  Societies  or  their  individual  members.  The  subjects 
suitable  for  investigation  by  local  Societies  are  necessarily  governed  in 
their  scope  by  local  conditions,  but  among  those  already  brought  und^r 
the  notice  of  the  Corresponding  Societies  there  are  some  of  a  general 
character  which  might  very  well  be  taken  up  systematically  all  over  the 
country.  The  Committee  do  not  consider  it  necessary  to  furnish  the 
Council  with  a  complete  list  of  such  specific  subjects,  as  these  are  already 
included  in  the  various  Reports  of  the  Corresponding  Societies  Com- 
mittee. They  desire,  however,  to  call  the  attention  of  the  Council  to  the 
necessity  for  systematic  co-operation  among  the  local  Societies  for  the 
carrying  out  of  investigations  of  such  general  importance  as  the  various 
surveys,  archaeological,  ethnographic,  photographic,  and  botanical,  which 
have  on  several  occasions  been  brought  under  the  notice  of  the  Corre- 
sponding Societies  at  the  Conference  of  their  Delegates.  These  and  other 
investigations  of  a  similarly  wide  range  which  may  from  time  to  time 
be  suggested  furnish  ample  work  for  the  Corresponding  Societies,  and  the 
Committee  find  that  in  certain  districts  considerable  progress  has  been 
already  made,  or  that  steps  are  now  being  taken  to  organise  the  work 
already  suggested. 

*  The  Committee  have  further  considered  the  nature  of  the  organisa* 
tion  at  present  in  existence  for  bringing  the  official  representative  of  the 
Corresponding  Societies  into  communication  with  each  other  and  with  the 
Sectional  Committees  at  the  meetings  of  the  Association,  and  they  are  of 
opinion  that  it  would  tend  to  bring  about  a  more  systematic  co-ordination 
of  the  general  investigations  which  are  now  being  carried  on,  or  which  it 
is  desirable  should  be  carried  on,  by  the  Corresponding  Societies  if 
strenuous  efforts  were  made  to  bring  the  Delegates  into  more  intimate 
personal  relationship  with  the  expert  organisers  of  these  various  subjects 
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of  general  interest  to  all  local  Societies,  The  Rules  at  ptefient  provide ' 
for  such  co-operation  between  the  Sectional  Committees  (through  their 
Secretaries)  and  the  Conference  of  Delegates  ;  but  your  Committee  ace  of 
opinion  that,  owing  to  the  stress  of  work  thrown  upon  the  Sectional 
Secretaries  at  the  meetings  of  the  Association,  the  Delegates  cannot 
derive  the  full  benefit  of  such  expert  assistance  as  they  may  require  in 
connection  wiUi  particular  lines  of  work  in  which  their  Societies  are 
engaged.  For  the  same  reason  the  Secretaries  of  the  Sections  are  unable 
to  give  full  effect  to  any  new  schemes  suitable  for  local  investigation 
which  may  originate  in  their  Section,  and  which,  if  duly  considered 
beforehand  and  brought  under  the  notice  of  the  Delegates,  might  be  of 
use  both  to  the  Corresponding  Societies  and  to  the  Association.  Your 
Committee  recommend,  therefore,  that  the  work  at  present  entrusted  to 
the  Secretaries  of  the  Sectional  Committees  under  Rule  X.  should  devolve 
upon  the  Organising  Committees.  These  Committees  already  comprise 
the  Sectional  Secretaries  by  virtue  of  their  constitution,^  so  that  no 
additional  work  would  be  thrown  upon  these  Secretaries,  but  the  gentle- 
men undertaking  this  office  would  be  enabled  to  give  more  deliberate 
consideration  to  the  work  of  the  Corresponding  Societies  and  to  ensure 
before  the  meeting  of  the  Association  that  their  various  Sectional  Com- 
mittees, as  well  as  the  originators  of  investigations  requiring  the  eo-opera- 
tion  of  the  Corresponding  Societies,  shall  bo  fully  and  authoritatively 
represented  at  the  Conference  of  Delegates.  Your  Committee  propose, 
in  order  to  give  practical  effect  to  this  suggestion,  that  the  opening  clause 
of  Rule  10  relating  to  Corresponding  Societies  be  modified  so  as  to 
read  : — 

•  "The  Organising  Committees  of  each  Section  shall  be  instructed 
to  transmit  to  the  Secretaries  of  the  Sections,  and  through  these  to 
the  Secretaries  of  the  Conference  of  Delegates,  copies  of  any  recom* 
mendation,  &c." ' 

•  Notice  of  this  hiodification,  if  approved  by  the  Council  as  recom* 
mended  by  your  Committee,  must  be  brought  before  the  Greneral  Com- 
mittee at  the  next  meeting. 

*  In  view  of  the  increasing  importance  of  science  to  the  nation  at  large, 
your  Committee  desire  to  c^l  the  attention  of  the  Council  to  the  fact 
that  in  the  Corresponding  Societies  the  British  Association  has  gathered 
in  the  various  centres  represented  by  these  Societies  practically  all  the 
scientific  activity  of  the  provinces.  The  number  of  members  and 
Associates  at  present  on  the  list  of  the  Corresponding  Societies 
approaches  25,000,  and  no  organisation  is  in  existence  anywhere  in  the 
country  better  adapted  than  the  British  Association  for  stimulating,  en- 
couraging, and  co-ordinating  all  the  work  being  carried  on  by  the  seventy 
Societies  at  present  enrolled.  Your  Committee  are  of  opinion  that  further 
encouragement  should  be  given  to  the.se  Societies  and  their  individual 
working  members  by  every  means  within  the  power  of  the  Association, 
and  with  the  object  of  keeping  the  Corresponding  Societies  in  more 
permanent  touch  with  the  Association  they  suggest  that  an  official 
invitation  on  behalf  of  the  Council  be  addressed  to  the  Societies  through 
the  Corresponding  Societies  Committee  asking  them  to  appoint  stand - 

*  Bale  10,  CorreBponding  Societies.  '  Rule  XC. 

Digitized  by  CjOOQ IC 


Xcii  REPORT— 1903. 

ing  British  Association  Sub-Committees  to  be  elected  by  themselves 
with  the  object  of  dealing  with  all  those  subjects  of  investigatioti 
common  to  their  Societies  and  to  the  British  Association  Committees, 
and  to  look  after  the  general  interests  of  science  and  scientific  education 
throughout  the  provinces  and  provincial  centres.  Your  Conmiittee  may 
point  out  that  the  only  permanent  bodies  carrying  out  systematio 
scientific  work  under  the  auspices  of  the  Association  are  the  various 
Committees  appointed  by  the  Sections  to  undertake  particular  investiga- 
tions and  to  report  thereon  to  their  respective  Sections.  The  proposal 
now  submitted  is  equivalent  to  a  request  that  the  Corresponding  Societies 
should  themselves  appoint  such  Standing  Committees  for  stimulating 
every  branch  of  inquiry  in  which  these  Societies  are  co-operating  with 
the  Association.  It  is  believed  that  the  active  workers  in  every  Society 
would  by  this  means  be  brought  to  realise  more  fully  that  their  labours 
are  contributing  to  the  general  advancement  of  science ;  and  since  the 
subjects  at  present  brought  under  the  notice  of  the  Corresponding 
Societies  cover  practically  every  department  of  science  represented  by  the 
Sections  of  the  Association,  it  is  hoped  that  these  new  British  Association 
Sub-Committees  of  the  Corresponding  Societies  may  serve  as  nuclei  for 
creating  and  maintaining  locally  public  interest  in  every  branch  of  scien- 
tific knowledge. 

*  Your  Committee  desire  to  lay  special  emphasis  on  the  necessity  for 
the  extension  of  the  scientific  activity  of  the  Corresponding  Societies  and 
the  expert  knowledge  of  many  of  their  members  in  the  direction  of 
scientific  education.  They  are  of  opinion  that  immense  benefit  would 
accrue  to  the  country  if  the  Corresponding  Societies  would  keep  this 
requirement  especially  in  view  with  the  object  of  securing  adequate 
representation  for  scientific  education  on  the  Education  Committees  now 
being  appointed  under  the  new  Act.  The  Educational  Section  of  the 
Association  having  been  but  recently  added,  the  Corresponding  Societies 
have  as  yet  not  had  much  opportunity  for  taking  part  in  this  branch  of 
the  Association's  work,  and  in  view  of  the  reorganisation  in  education 
now  going  on  all  over  the  country  your  Committee  are  of  opinion  that  no 
more  opportune  time  is  likely  to  occur  for  the  influence  of  scientific 
organisations  to  make  itself  felt  as  a  real  factor  in  national  education. 
They  do  not  at  the  present  juncture  think  it  desirable  to  formulate  any 
definite  scheme  detailing  precise  methods  by  which  the  Corresponding 
Societies  might  be  of  service  to  the  cause  of  scientific  education.  Some- 
Societies  might  prefer  to  unite  to  form  Educational  Consultative  Com- 
mittees of  their  own,  and  to  place  their  services  at  the  disposal  of  the 
Education  Authority  of  their  County  or  Borough.  Others  might  prefer  that 
individual  members  of  their  Societies  should  be  added  to  the  Education 
Committee,  and  others  again  might  prefer  to  act  indirectly  by  helping  to 
foster  public  opinion  in  favour  of  that  kind  of  education  which  it  is  the 
chief  function  of  a  scientific  corporation  such  as  the  British  Association 
to  promote.  In  view  of  the  importance  which  your  Committee  attach  to 
this  branch  of  the  work  now  proposed  for  the  Corresponding  Societies,  it 
is  suggested  that  the  circular  issued  by  the  Council  in  accordance  with 
the  recommendation  in  this  Report  should  invite  special  expressions  of 
opinion  from  the  Societies  through  their  Delegates  at  the  next  Conference 
at  Southport,  so  that  if  it  is  considered  desirable  that  local  effort  in  the 
cause  not  only  of  Science  but  also  of  scientific  education  would  be 
strengthened  if  backed  up  by   the  authority  of   the  Association,  the 
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necessary  steps  may  be  taken  by  the  Oounoil  to  bring  pressure  to  bear 
upon  the  Educational  Committees  through  the  Board  of  Education. 

'  The  standing  British  Association  Sub-Committees  of  and  appointed 
by  the  Corresponding  Societies,  whether  for  educational  or  any  other 
branch  of  work,  would,  through  the  Corresponding  Societies  Committee, 
be  in  touch  with  the  Association,  and  it  would  always  be  open  for  these 
Sub-Committees  to  forward  to  the  Corresponding  Societies  Committee 
suggested  subjects  for  investigation  or  for  discussion  at  the  Conference. 
Your  Committee  are  also  of  opinion  that  it  would  help  to  reassure  the 
Corresponding  Societies  that  the  Association  has  a  real  interest  in  their 
wel&re  if  the  Ceneral  Officers  of  the  Association  were  made  members  ex 
officio  of  the  Corresponding  Societies  Committee,  so  that  they  might  keep  in 
touch  with  the  work  of  this  Committee  and  also  take  part  in  the  Conference 
of  Delegates,  and  they  recommend  that  in  future  the  Council  in  nominating 
the  members  of  this  Committee  add  the  General  Officers  to  the  list.' 

The  Council  recommend  that  the  opening  clause  of  Bule  10,  relating 
to  Corresponding  Societies,  be  modified  so  as  to  read  : — 

'  "  The  Organising  Committees  of  each  Section  shall  be  instructed 
to  transmit  to  the  Secretaries  of  the  Sections,  and  through  these  to 
the  Secretaries  of  the  Conference  of  Delegates,  copies  of  any  recom- 
mendations, &c"  ' 

On  the  invitation  of  the  Organising  Committee  of  the  International 
Congress  for  Applied  Chemistry,  to  be  held  in  June  1903  at  Berlin,  the 
Council  appointed  the  President  (Professor  James  Dewar),  Sir  Henry 
Roscoe,  and  Professor  Meldola  to  represent  the  British  Association  as 
Delegates. 

Hie  Council  have  nominated  the  Right  Hon.  the  Earl  Spencer, 
K.G.,  LL.D.,  Chancellor  of  the  Victoria  University,  the  Right  Hon.  the 
Earl  of  Sefton,  Sir  George  Pilkington,  Alfred  Hopkinson,  LL.D.,  K.C., 
Viee-Chancellor  of  the  Victoria  University,  and  Mr.  E.  Marshall  Hall, 
ILC,  M.P.,  Vice-Presidents  of  the  Association  for  the  Meeting  at 
Southport. 

The  Council  nominate  Mr.  W.  Whitaker  B.A.,  F.R.S.,  Chairman  ;  the 
Rev.  J.  O.  Bevan,  M.A.,  Vice-Chairman ;  and  Mr.  F.  W.  Rudler, 
Secretary,  to  the  Conference  of  Delegates  of  the  Corresponding  Societies, 
to  be  held  during  the  Meeting  at  Southport. 

A  Report  from  the  Corresponding  Societies  Committee  for  the  past 
year,  together  with  the  list  of  the  Corresponding  Societies  and  the  titles 
of  the  more  important  papers,  especially  those  referring  to  Local 
Scientific  Investigations,  published  by  those  Societies  during  the  year 
ending  May  31,  1903,  has  been  received. 

The  Corresponding  Societies  Committee,  consisting  of  Mr.  W. 
Whitaker  (Chairman),  Mr.  F.  W.  Rudler  (Secretary),  Professor  R. 
Meldola,  Mr.  T.  V.  Holmes,  Sir  John  Evans,  Mr.  J.  Hopkinson,  Dr. 
H.  R.  Mill,  Mr.  Horace  T.  Brown,  Rev.  J.  O.  Bevan,  Professor  W.  W. 
Watts,  Rev.  T.  R.  R.  Stebbing,  Mr.  C.  H.  Read,  Dr.  Vaughan  Cornish, 
and  the  General  Officers  of  the  Association,  are  hereby  nominated  for 
reappointment  by  the  General  Committee. 

The  Council  nominate  the  Right  Honourable  Arthur  James  Balfour, 
D.C.L.,  F.R.S.,  as  President  for  the  Cambridge  meeting  in  190 


Googk 


Digitized  by  VjOOQIC 


Xciv  REPORT— 1903. 

An  invitation  for  the  Meeting  of  1905  will  be  presented  from  Cape 
Town.  After  very  full  consideration  of  the  matter  the  Council  recom- 
mend that  the  invitation  to  hold  the  Annual  Meeting  of  the  Association 
in  South  Africa  in  1905  be  accepted. 

The  President  having  approached  Sir  Donald  Currie  with  the  object  of 
ascertaining  how  far  transit  rates  to  South  Africa  might  be  reduced  on 
behalf  of  the  Association  and  its  Members,  received  the  following  letter 
in  reply  ;-^ 

*  4  Hyde  Park  Place,  London,  W., 
•June  11,  1903. 

*  Dear  Professor  Dewar, — With  reference  to  the  call  with  which  you 
favoured  me  the  other  day  and  to  our  interview  of  this  morning,  I  write 
to  let  you  know  that,  as  I  have  to  leave  for  Scotland  to-morrow,  I  shall 
now  put  in  writing  the  arrangement  which  I  propose  in  order  to  carry  out 
your  wishes  on  behalf  of  the  Association. 

*  I  understand  from  you  that  the  Association  contemplate  a  visit  to 
South  Africa  the  year  after  next,  and  that  you  have  to  some  extent  made 
the  necessary  preparations,  but  that  you  have  been  very  anxious  to  have 
the  assurance  from  me  that  the  terms  for  the  conveyance  of  the  Members 
of  the  Council  and  their  friends  shall  be  such  as  can  have  your  entire 
approval,  and  enable  you  to  have  a  successful  visit  to  South  Africa  of  a 
representative  character. 

*  Further,  I  understand  from  you  that  it  is  possible  that  other  friends 
will  be  prepared  to  assist  the  funds  which  will  be  required  to  make  the 
visit  successful  and  not  onerous  to  those  who  may  engage  in  it. 

*  You  have  suggested  that  you  will  call  the  Council  together  and  that 
I  may  be  invited  to  meet  them  at  Burlington  House,  but  owing  to  the 
bereavement  we  have  suffered  I  am  hardly  likely  to  be  able  to  get  back 
to  London  for  the  time  you  have  suggested,  hence  the  desire  which  I  had 
to  let  you  know  in  writing  and  without  delay  what  I  have  to  say  in  order 
to  assist  you  in  the  proposed  visit  of  the  Association  to  South  Africa.  In 
the  first  place,  in  regard  to  the  terms,  I  propose  to  you  that  our  Mail 
Company  shall  make  a  reduction  of  30  per  cent,  upon  the  ordinary  return 
fares  which  we  charge  to  the  public,  this  reduction  to  be  in  favour  of  the 
official  Delegates.  In  addition,  ordinary  Members  of  the  Association  and 
members  of  their  families  may  wish  to  accompany  them,  and  for  their 
passage  I  propose  that  the  price  shall  be  reduced  25  per  cent. 

*  It  is  very  gratifying  to  me  to  be  in  a  position  to  assist.  I  am  well 
aware  of  the  immense  impetus  that  has  been  given  to  scientific  investiga- 
tion in  the  United  Kingdom  by  the  annual  meetings  of  this  Association  ; 
and  it  is  thoroughly  in  accord  with  the  spirit  of  Imperialism  that  the 
Mother  Country  should  encourage  Colonial  scientific  effort  by  a  visit  of 
the  British  Association  to  South  Africa.  There  is  another  reason  I  am 
happy  to  be  of  service  to  that  body  of  vigorous  workers  who  by  their  investi- 
gations advance  their  respective  sciences,  and  by  their  lectures  and  teaching 
keep  us  in  touch  with  the  progress  made  in  this  country  and  in  others. 

*  The  efforts  of  such  intelligent  workers  as  yourselves  are  not  prompted 
by  a  love  of  gain  and  a  spirit  of  commercial  enterprise,  and  I  venture  to 
say  that  all  who  have  received  practical  advantages  and  benefits  from  such 
researches,  studies,  and  developments  should  be  ready  to  acknowledge 
gratefully  your  successes  in  every  way  in  their  power. 

*I  can  lay  no  claim  personally  to  having  taken  any  part  in  such 
scientific  research  ;  but  it  has  fallen  to  my  lot  during  the  many  years  I 
have  been  connected  with  steamship  enterprise  and  Colonial  mining  work, 
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in  which  I  am  largely  interested,  to  take  advantage,  as  I  have  said,  of  the 
lessons  in  practical  science  which  the  exertions  of  scientists  have  de- 
veloped. In  regard  to  the  material  for  the  construction  of  ships,  whether 
of  steel  or  of  iron,  to  the  advance  in  naval  architecture,  to  the  adaptation 
of  power  to  produce  suitable  results,  to  the  inquiry  into  the  means  of 
securing  the  maximum  advantage  in  the  consumption  of  fuel,  to  the 
application  of  electricity  as  a  motive  and  illuminative  power,  and  to  the 
utilisation  of  telegraphy  in  all  its  forms,  men  like  myself  who  have  been 
benefited  by  the  practical  application  of  such  diBCoveries  are  really  bound 
to  do  all  we  can  to  assist  you  in  any  scheme  such  as  you  now  contemplate 
to  enlarge  the  scope  of  your  aims  and  opemtions. 

*  In  addition  to  the  terms  for  the  conveyance  of  yourselves  and  friends 
of  the  deputation  to  and  from"  South  Africa,  which  you  will  approve  of  as 
favourable,  I  shall  be  glad  to  subscribe  500/.  to  any  fund  which  you  will, 
I  think,  find  it  desirable  to  collect  in  order  that  all  the  expenses  of  your 
visit  to  South  Africa  may  be  fully  covered. 

•  Believe  me,  yours  very  truly, 

•Donald  Currib. 

•  Professor  Dewar, 
<  President  of  the  British  Agsociation.' 

To  this  letter  the  following  reply  was  sent : — ^ 

•  British  Association  for  the  Advancement  of  Science, 

*  Burlington  House,  London,  W.,  June  12, 1903. 

•Dear  Sir  Dokald  CuRrie, — I  am  in  receipt  of  your  most  noble 
response  to  my  appeal  for  aid  and  support  on  behalf  of  the  project  of  a 
visit  of  the  British  Association  for  the  Advancement  of  Science  to  South 
Africa  in  the  year  1905,  and  will  forthwith  communicate  the  same  to  the 
Council.  May  I  at  once,  as  the  President,  express  on  behalf  of  the 
Council  and  the  Association  the  profound  gratitude  which  I  am  sure  they 
would  desire  me  to  convey  for  your  generous  appreciation  c^  the  work  of 
Science,  and  the  helpful  and  fatherly  way  in  which  you  have  responded 
to  pecuniary  difficulties. 

*  Yours  very  faithfully, 

'  James  Dewar. 

The  Council  have  received  the  following  important  letter  from  Sir 
Frederick  Bramwell,  Bart.,  F.R.S.,  which  they  desire  to  record  in  their 
Report: — 

•  5  Great  George  Street,  W«»t minster,  S.W., 
*  July  2.  1903. 

•Mv  DEAR  President, — It  may,  perhaps,  be  in  the  recollection  of  a 
few  of  the  older  Members  of  Section  G  that,  at  the  Jubilee  Meeting, 
York,  1881,  I  said  (in  a  "communication"  ordered  to  be  printed  in 
exienso),  speaking  of  the  Steam  Engine,  that  "  a  change  in  the  production 
of  power  from  fuel  appears  to  be  impending,  if  not  in  the  immediate 
future,  at  all  events  in  a  time  not  very  far  remote  ;  and  however  much 
the  Mechanical  Section  of  the  British  Association  may  to  day  contemplate 
with  r^;ret  even  the  mere  distant  prospect  of  the  Steam  Engine  becoming 
a  thing  of  the  past,  I  very  much  doubt  whether  those  who  meet  here  fifty 
years  hence  will  then  speak  of  that  motor  except  in  the  character  of  a 
cnric^ity  to  be  found  in  a  museum.  *'  ^ 

'  JBritish  Atiooiatwn  Prooeedinffs,  1881  Yolume,  page  505.by  vjOOglC 
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*  In  saying  this,  I  no  doubt  then  thought  I  was  speaking  somewhat 
hyperbolically,  but  from  the  close  attention  I  have  paid  to  the  subject  of 
internal-combustion  engines,  and  from  the  way  in  which  that  attention 
has  revealed  a  continuous  and,  year  by  year,  a  largely  increasing  develop- 
ment of  such  engines,  I  feel  assured  that  although  there  may  still  be  steam 
engines  remaining  in  work  in  1931,  the  output  of  steam  engines  iu  that 
year  will  be  but  small  as  compared  with  the  output  of  intemal-combustion 
engines. 

'  I  wish  to  keep  alive  the  interest  of  the  Association  in  this  subject, 
and  for  this  purpose  I  should  be  glad  to  be  allowed  to  now  present  to  the 
Association  50/.,  which  I  suggest  should  be  invested  in  2^  per  cent.  Self- 
accumulative  Consols,  amounting  in  1931  to  about  100/.,  which  sum,  or 
whatever  other  sum  may  be  to  the  credit  of  the  account  at  that  time,  I 
should  like  to  be  paid  as  an  honorarium  to  a  gentleman  to  be  selected  by 
the  Council  to  prepare  a  Paper  having  my  utterances  in  1881  as  a  sort  of 
text,  and  dealing  with  the  whole  question  of  the  prime  movers  of  1931, 
and  especially  with  the  then  relation  between  steam  engines  and  internal- 
combustion  engines. 

*  I  enclose  a  cheque  drawn  in  your  favour  for  50/. 

*  Believe  me  to  be,  yours  very  truly, 

*  Fredrrick  Bram well. 
*  Professor  James  Dewar,  M.A.,  LL.I) ,  F.R.S.,  &c.,  &c., 
*  President  of  the  British  Association  for  the  Advancement  of  Scienoe.* 

The  Council,  having  been  informed  by  Dr.  D.  H.  Scott  that  he  does 
not  intend  to  offer  himself  for  re-election  as  General  Secretary  after  the 
Southport  Meeting,  desire  to  record  their  sense  of  the  valuable  services 
he  has  i^ndered  to  the  Association  during  the  years  he  has  held  that 
office. 

The  Council  recommend  that  Professor  W.  A.  Herdman,  D.Sc,  F,R.S., 
be  appointed  General  Secretary  in  succession  to  Dr.  D.  H.  Scott. 

In  accordance  with  the  regulations  the  retiring  Members  of  the 
Council  will  be  : — 

By  Seniority.  \  By  letut  Attendance. 

Captain  E.  W.  Creak.  |  Sir  Oliver  Lodge. 

Hon.  Sir  C.  W.  Fremantle.  Professor  Sollas. 

Professor  W.  D.  Halliburton.  I 

The  Council  recommend  the  re-election  of  the  other  ordinary  Members 
of  the  Council,  with  the  addition  of  the  gentlemen  whose  names  are  dis- 
tinguished by  an  asterisk  in  the  following  list : — 


Abney,  Sir  W.,  K.C.B..  F.R.S. 

Armstrong,  Professor  H.  E.,  F.RS. 

Bonar,  J.,  Esq.,  LL.D. 
♦Bourne,  G.  C,  Esq.,  M.A. 

Bower,  Professor  F.  O.,  F.R.S. 
•Brabrook,  E.  W.,  Esq.,  C.B. 

CaUendar,  Professor  H.  L.,  F.R.S. 

Cunningham,  Professor  D.  J.,  F.R.R. 

Darwin,  Major  L.,  Sec.  R.G.8. 

Gotch,  Professor  F.,  F.R.S. 

Haddon,  Dr.  A.  C,  F.RS. 

Hawksley,  C,  Esq.,  M.Inst.C.  B. 

Howes,  Professor  G.  B.,  F.R.S. 


Keltie,  J.  Scott,  Esq.,  LL.D. 

Macalister,  Professor  A.,  F.RS 
♦McKendrick,  Professor  J.  G.,  F.R.S. 
♦Noble,  Sir  A.,  Bart.,  K.C.B.,  F.R.S. 

Petkln,  Professor  W.  H..  F.R.S. 

Perry,  Professor  John,  F.R.S. 

Price,  L.  L.,  Esq.,  M.A. 

Seward,  A.  C.  Esq.,  F.RS. 

Tilden,  Professor  W.  A.,  F.R  S. 

Watts,  Professor  W.  W.,  F.G.S. 

Wolfe-Barry,  Sir  John,  K.C.B.,  F  R.S. 
♦Woodward,  Dr.  A.  S.,  F.R.S. 
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Committees  appointed  by  the  General  Committee  at  the 
SoDTHPORT  Meeting  in  September  1903. 


1.  jReeeiving  Grants  of  Money, 


I 


Sol^Mt  fbr  InTetUgatlon  or  Purpose 


Members  of  the  Committee 


Section  A.— MATHEMATICS   AND  PHYSICS. 


MakiDg  Kzperiments  for  improv- 
ing &e  Oonstniotion  of  Practical 
Ktaodards  f or  use  in  Electrical 
Measurements 


Seismological  Observations. 


To  co-operate  with  the  Royal 
Meteorological  Society  in  ini- 
tiating an  Investigation  of  the 
Upper  Atmosphere  by  means 
of  Kites. 


To  co-operate  with  the  Committee 
of  the  Falmoath  Observatory 
in  their  Magnetic  Observations. 


Chairman. — Lord  Rayleigh. 

Secretary.— Dr.  R.  T.  Glazebrook. 

Lord  Kelvin,  Professors  W.  B. 
Ayrton,  J.  Perry,  W.  G.  Adams, 
and  G.  Carey  Foster,  Sir  Oliver 
Lodge,  Dr.  A.  Muirhead, 
Sir  W.  H.  Preeoe,  Profes- 
sors J.  D.  Everett  and  A. 
Schuster,  Dr.  J.  A.  Fleming, 
Professor  J.  J.  Thomson,  Dr. 
W.  N.  Shaw,  Dr.  J.  T.  Bot- 
tomley.  Rev.  T.  C.  Fitzpatrick, 
Dr.  G.  Johnstone  Stoney,  Pro- 
fessor S.  P.  Thompson,  Mr.  J. 
Rennie,  Principal  £.  H.  Griffiths, 
Sir  A.  W.  Ruoker.  Professor  H. 
L.  Callendar,  and  Mr.  G. 
Matthey. 

Chairman. — Professor  J.  W.  Judd. 

Seeretwry. — Mr.  J.  Milne. 

Lord  Kelvin,  Professor  T.  G. 
Bonney,  Mr.  C.  V.  Bojs,  Pro- 
fessor G.  H.  Darwin,  Mr. 
Horace  Darwin,  Major  L.  Dar- 
win, Professor  J.  A.  Ewing, 
Dr.  R.  T.  Glazebrook,  Professor 
C.  G.  Knott,  Professor  R. 
Meldola,  Mr.  R.  D.  Oldham, 
Professor  J.  Perry,  Mr.  W.  E. 
Piummer,  Professor  J.  H. 
Poynting,  Mr.  Clement  Reld, 
Mr.  Nelson  Richardson,  and 
Professor  H.  H.  Turner. 

Chairman.— Vt.  W.  N.  Shaw. 
Secretary.— yif.  W.  H.  Dines. 
Mr.  D.   Archibald,   Mr.  C.   Ver- 

non  Boys,  Dr.  A.  Buchan,  Dr. 

R.  T.  Glazebrook,  Dr.  H.  R.  MUl, 

and  Dr.  A.  Schuster. 


1903. 


Chairman. — Sir  W,  H.  Preece. 
Secretary.—  Dr.  R.  T.  Glazebrook. 
Professor  W.  G.  Adams,  Captain 

Creak,  Mr.  W.  F.  Fox,  Professor 

A.  Schuster,    and   Sir   A.   W. 
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1.  Iteceiving  Chants  of  Monsy — oontinaed. 
j  Subject  for  Invflistigation  or  Purpoao  I  Members  of  Uie  C3ommittee 


Grants 


Section  B.— CHEMISTRY. 


Preparing  a  new  Series  of  Wave- 
length Tables  of  the  Speotra 
of  the  Elements. 


The  Study  of  Hydro-aromatic  Sub- 
stances. 


Chairman. — Sir  H.  E.  Roscoe.         ' 
Secretary. —Dr.  Marshall  Watts. 
Sir  Norman  Loclcyer,  Professors  J. 
Dewar,  G.  D.  Liveing,  A.Schus-  I 
ter.  W.  N.  Hartley,  and  Wol-  I 
cott  Gibbu.  Sir  W.  de  W.  Abney, 
and  Dr.  W.  E.  Adcney. 

Chairman. — Professor  E.  Divers. 
tkcreiary. — Dr.  A.  W.  Orossley. 
Profeasor  W.  H.  Perkin,  Dr.  M.  O.  I 
Forster,  and  Dr.  Le  Sueur. 


£ 

10 


».  d. 
0  0 


26     0  0 


Section  C— GEOLOGY. 


To  investigate  the  Erratic  Blocks 
of  the  British  Isles,  and  to  take 
measures  for  their  preservation. 


10    0  0 
and  bal- 
ance in 
hand. 


To  explore  Irish  Caves.  (Collec- 
tions to  be  placed  in  the  Science 
and  Art  Museum,  Dublin.) 


The  movements  of  Underground 
Waters  of  North-west  York- 
shire. 


Chairman. — Mr,  J.  E.  Man*. 
Secretary.— Ux.  P.  F.  Kendall. 
Professor  T.  G.  Bonney,  Mr.  C.  E. 

De  Ranee,  Professor  W.  J.  SoUas, 

Mr.  R.  H.  Tiddeman,  Rev.  S.  N. 

Harrison,   Mr.    J.    Home,  Mr. 

F.  M.   Burton,    Mr.  J.  Lomas, 

Mr,   A.   R.    Dwerrvhouse,    Mr. 

J.  W.  Stather.  Mr.  W.  T.  Tucker, 

and  Mr.  F.  W.  Harmer. 

Chairman, — Dr.  R.  F.  Scharff.  [  Balance 
Secretary. — Mr.  R.  Lloyd  Praeger.  I  in  hand. 
Mr.  G.  Coflfey,  Professor  Grenville 

Cole,  Dr.  Cunningham,  Mr.  G.  . 

W.  Lamplugh,  Mr.  A.  McHenr}-, 

and  Mr.  R.  J.  Ussher. 


To  study  Life-zones  in  the  British 
Carboniferous  Rooks. 


Chairman.. — Professor  W.W.  Watts. 

Secretary. — Mr.  A.  R.  Dwerry- 
house. 

Professor  A.  Smithells,  Rev.  E. 
Jones,  Mr.  Walter  Morrison, 
Mr.  G.  Bray,  Rev.  W.  Lower 
Carter,  Mr.  T.  Fairley,  Professor 
P.  F.  Kendall,  and  Mr.  J.  E. 
Man*. 

Cltairnian. — Mr.  J.  E.  Marr. 

Secrtftan/.^-Dr,  Wheelton  Hind. 

Mr.  F.  A,  Bather,  Mr.  G.  C.  Crick, 
Mr.  A.  H.  Foord,  Mr.  H.  Fox, 
ProfessorE.  J.  Garwood.  Dr.  G.J. 
Hinde,  Professor  P.  F.  Kendall, 
Mr.  R.  Kidston,  Mr.  G.  W.  Lam- 
plugh, Professor  G.  A.  Lebour, 
Mr.  B.  N.  Peach,  Mr.  J.  T.  Stobbs, 
Mr.  A.  Strahan,  and  Dr.  H. 
Woodward. 


Balance 
in  hand. 
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SsbjMt  lor  IiiTCsUgatioii  or  Purpose 


Members  of  the  ConuniUee 


Chairman, — Professor  W.  A.  Herd- 
man. 

Secretary, — Mr.  J.  Lomas. 
Professors  W.  W.  Watts  and  P.  F. 

Kendall,    and    Messrs     H.    C. 

Beasley,   E.  T.  Newton,  A.  C. 

Seward,  and  W.  A.  E.  Ussher. 

Chairman.^yiT.  G.  W.  Lamplngh. 

Seeretary,^Mr.  J.  W.  Stather. 

Dr.  Tempest  Anderson,  Professor 
J.  W.  Carr,  Rev.  W.  Lower 
Carter,  Messrs.  A.  R.  Dwerry- 
house,  F.  W.  Harmer,  and  J.  H. 
Uowarth,  Rev.  W.  Johnson,  and 
Messrs.  P.  F.  Kendall,  E.  T. 
Newton,  H.  M.  Platnauer,  Cle- 
ment Reid,  and  T.  Sbeppard. 


Section  D.— ZOOLOGY. 

To  aid  competent    Investigators  I  CIutirman.—ProfessoT  S.  J.  Hick- 
selected  by  the  Committee  to  |      son. 


To  report  upon  the  Fauna  and 
Flora  of  the  Trias  of  the  British 
Isles.  I 


To  investigate  the  Fossiliferoas  i 
Drift  Deposits  at  Kirmington,  | 
Uncolnshire,    and   at   various 
localities  in  the  East  Riding  of 
Yorkshire.  ! 


carry  on  definite  pieces  of  work 
at  the  Zoological  Station  at 
Naples. 


Secretary. — Mr.  J.  E.  S.  Moore. 

Professor  E.  Ray  Lankester,  Pro- 
fessor W.  F.  R.  Weldon,  Pro- 
fessor G.  B.  Howes,  Mr.  A. 
Sedgwick,  and  Professor  W.  C. 
\       Mcintosh. 

I  Compilation  of  an  Index  Gencram  |  Chaimian.—Dr.  H.  Woodward. 
!      et  Speciemm  Animalium.  1  Secretary. —Dr.  F.  A.  Bather. 

I  I  Dr.   P.  L.  Sclatfir,  Kev.  T.  R.  R. 

i  ,      fitebbing.   Mr.   R.    McLachlan, 

'  I      and  Mr.  W.  E.  Hoyle. 

To  enable  Mr.  J.  W.  Jenkinson  to  '  Chairman.— Vrofessor  Weldon. 
continue  his  Researches  on  the     Secretary. — Mr.  J.  W.  Jenkinson. 
1      Influence   of    Salt   and    other  ^  Professor  S.  J.  Hickson. 
Solutions  on  the  Development  i 
of  the  Frog.  j 


To  enable  Dr.  F.  W.  Gamble  to  con- 
duct Researches  on  the  Colour 
Physiology  of  Higher  Crustacea. 


Chairman. — Profesfor  S.  J.  Hick- 
son. 
Secretary. ^Dt.  F.  W.  Gamble. 
Dr.  Hoyle  and  Dr.  F.  W.  Keeble. 


Grmnti 


£ 
10 


0  0 


I 


50    0  0 


100    0  0 


60    0  0 


15    0  0 


10     0  0 


SBcnoN  F.— ECONOMIC  SCIENCE  AND  STATISTICS. 


The  Accuracy  and  Comparability  i  Chairman. — Dr.  E.  Cannan. 
of  British  and  Foreign  Statistics     Secretary. — Dr.  B.  Qinsburg, 
I      of  International  Trade.  .-     .    -    ^     . 


25    0  0 


Mr.  A.  L.  Bowley,  Professor  S.  J. 
Chapman,  Sir  R.  Giffen,  and 
Mr.  R.  H.  Inglis  Palgrave.  |  j 
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REPORT — 1903. 
1.  Receiving  Grantt  of  Money — oontinaed 


Subject  for  Inveftigation  or  Purpose 


Members  of  the  CkHnmiltee 


Grants 


Section  G.— ENGINEERING. 


To  investigate  the  Resistance  of 
Road  Vehicles  to  Traction. 


Chair mwn.—  ^xr  J.  I.  Thornycroft. 

Secretary. — Professor  H.  S.  Hele- 
Shaw. 

Mr.  T.  Aitken,  Mr.  T.  C.  Aveling, 
Professor  T.  Hudson  Beare,  Mr. 
W.  W.  Beaumont,  Mr.  J.  Rrown, 
Colonel  R.  E.  Cromptoo,  Mr.  B. 
J.  Diplock.  Mr.  A.  Mallock,  Pro- 
fessor J.  Perry,  Sir  D.  Salomons, 
Mr.  A.  R.  Sennett,  Mr.  K.  Shrap- 
nell  Smith,  and  Professor  W.  C. 
Unwin. 


Section  H.-^ANTHROPOLOGY. 


£ 
90 


M,    d, 

0  0 


To  conduct  Archaeological  and 
Bthnological  Researches  in 
Crete. 


To  Investfgpte  the  Lake  Village 
at  Glastonbury,  and  to  report 
on  the  best  method  of  publica- 
tion of  the  result. 


To  conduct  Anthropometric  In- 
vestigations among  the  Native 
Troops  of  the  Egyptian  Army. 


To  co-operate  with«Local  Com- 
mittees in  Excavations  on 
Roman  Sites  in  Britain. 


To  organise  Anthropometric  In- 
vestigation in  Great  Britain  and 
Ireland. 


Chairman. — Sir  John  Evans. 

Secreiary. — Mr.  J.  L.  Myres. 

Mr.  R.  C.  Bosanquet,  Mr.  A.  J. 
Evans,  Mr.  D.  G,  Hogarth,  Pro- 
fessor A.  Macalister,  and  Pro- 
fessor W.  Ridgeway. 

Chairman. — Dr.  R.  Munro. 

Seereta/ry,  —  Professor  W.  Boyd 
DawkinB. 

Sir  John  Evans  and  Messrs. 
Arthur  J.  Evans,  C.  H.  Read, 
H.  Balfour,  and  A.  BuUeid. 

Cluiirman,  —  Professor  A.  Mac- 
alister. 

Secretary. — Dr.  C.  8.  Myen. 

Sir  John  Bvans  and  Professor 
D.  J.  Cunningham. 

Chairman.— Dr.  A.  J.  Evans. 
Secretary. — Mr.  J.  L.  Myres. 
Professor  Boyd  Dawkins,  Mr.  E. 
W.  Brabrook,  and  Mr.  T.  Ashby. 


Cliairman. — Professor  D.  J.  Cun-      Balance 

ningbam.  in  hand. 

Secretary. — Mr.  J.  Gray. 
Mr.  Annandale,  Dr.  A.  C.  Haddon, 

Dr.  C.  8.  Myers,  Mr.  J.  L.  Myres, 

Professor  A.  F.  Dixon,  Mr.  B. 

N.  Fallaize,  Mr.  Randall  Mac- 

Iver,   Professor  J.  Symington, 

and  Dr.  Waterston. 
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COMMITTEES  APPOINTED  BY  THE   GENERAL   COMMITIEE.  CI 

1.  Receiving  Grants  €f  Money—oontixvixedi. 

Salject  for  InyesUgation  or  Purpose  {  Members  of  the  Committee  Grants     { 


Section  I.— PHYSIOLOGY. 


The  State  of  Solution  of  Proteids. 


To  enable  Professor  Starling,  Pro- 
fessor Brodie,  Dr.  Hopkins,  Mr. 
Fletcher,  Mr.  Barcroft,  and 
others  to  determine  the  *  Meta- 
bolic Balance  Sheet'  of  the 
Individual  Tissues. 


Chairman. — Professor  W.  D.  Halli- 
burton. 

Secretary, — Professor  K.  Way- 
mouth  Reid. 

Professor  E.  A.  Schafer. 

Chavrmaft. — Professor  Gotch. 
Secretary. — Mr.  J.  Barcroft. 
Sir  Michael  Foster  and  Profeseor 
Starling. 


£ 
20 


8.   d. 

0  0 


40    0  0 


Section  K.~B0TANY. 


To  carry  out  the  scheme  for  the 
Registration  of  Negatives  of 
Boumical  Photographs. 


The  Respiration  of  Plants. 


To  assict  Mr.  Alfred  Fryer  in  the 
completion  of  a  Monograph  on 
the  genus  Potamogeton. 


Experimental  Studiesin  the  Physi- 
ology of  Heredity. 


67t«irwa».— Professor  L.  C.  Miall.         5    0  0 
Secreta/ry. — Professor  F.  E.  Weiss. 
Mr.  Francis  Darwin,  Dr.  W.  G. 
Smith,  and  Mr.  A.  G.  Tansley. 

Cltairman. — Prof essor  H.  Marshall       16    0  0 

Ward. 
Secretary. — Mr.  H.  Wager. 
Mr.  Francis  Darwin  and  Professor 

J.  B.  Farmer. 

Chairman— TtotessoT  R.  H.  Vines.       10    0  0 
Secretary.— Dr.  D.  H.  Scott. 
Professor  H.  Marshall  Ward  and 
Professor  I.  Bayley  Balfour. 


tJAaimeoM.— Professor  H.Marshall  ;    35    0  0 

Ward. 
Secretary. — Mr.  A.  C.  Seward. 
Professor  J.  B.  Farmer  and  Dr. 

D.  Sharp. 


t 


CORRESPONDING  SOCIETIES. 


Cdrre^xMiding  Societies  Com- 
mittee for  the  preparation  of 
their  Report. 


Chairman.— Ut,  W.  Whitaker. 

Secretary.— Ut.  F.  W.  Rudler. 

Sir  John  Evans,  Rev.  J.  O.  Bevan, 
Dr.  H.  T.  Brown,  Dr.  Vaughan 
Cornish,  Mr.  T.  V.  Holmes,  Mr. 
J.  Hopkinson,  Professor  R.  Mel- 
dola.  Dr.  H.  R.  Mill,  Mr.  0.  H. 
Read,  Rev.  T.  R.  R.  Stebbing, 
Prof.  W.  W.  Watts,  and  the 
General  Officers. 


20    0  0 
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^PORf-^ld03. 
2.  Not  receiving  Grants  of  Money, 


Subject  for  Investigation  or  Purpose 


Members  of  the  Committee 


Section  A.— MATHEMATICS  AND  PHYSICS. 


Co-operating  with  the  Scottish  Meteoro- 
logical Society  in  making  Meteoro- 
logical Observations  on  Ben  Nevis. 


The  Rate  of  Increase  of  Underground 
Temperature  downwards  in  various 
Localities  of  Dry  Land  and  under 
Water. 


Considering  the  best  Methods  of  Re- 
cording the  Direct  Intensity  of  Solar 
Radiation. 


The  Consideration  of  the  Teaching  of 
Elementary  Mechanics,  and  the  Im- 
provement which  might  be  effected 
in  such  Teaching. 


That  Miss  Hardoastle  be  requested  to 
continue  her  Report  on  the  present 
state  of  the  Theory  of  Point-groups. 


Chairman. — Lord  McLaren. 
Secretary, —VTolessoi  Crum  Brown. 
Sir  John  Murray,  Dr.  A.  Buchan,  Pro- 
fessor R.  Copeland,  and  Mr.  Omond. 

Chairman  and  Secretary,— ViofesaoT 3.  D. 
Everett. 

Lord  Kelvin,  Sir  Archibald  Geikie,  Pro- 
fessor Edward  Hull,  Dr.  C.  Le  Neve 
Foster,  Pn»feBBor  A.  S.  Herschcl,  Pro-  | 
fessor  a.  A.  Lebour,  Mr.  A.  B.  Wynne,  j 
Mr.  W.  Galloway,Mr.  Joseph  Dickinson,  i 
Mr.  G.  F.  Deacon,  Mr.  Edward  Wethe-  ' 
red,  Mr.  A.  Strahan,  Professor  Michie 
Smith,  Professor  H.  L.  Callendar,  and 
Mr.  B.  n.  Brough. 

CIiairfftan.—'Dr.  G.  Johnstone  Stoney.       ' 
Secretary. — Professor  H.  McLeod. 
Professor  A.  Schuster,  Sir  H.  E.  Roscoe, 

Captain  Sir  W.  de  W.  Abney,  Dr.  C. 

Chree,  Professor  H.  L.  Callendar,  Mr. 

W.   E.  Wilson,  and  Professor  A.  A. 

Rambaut. 

Chairman. — Professor  Horace  Lamb. 

Secretary. — Professor  J.  Perry. 

Mr.  C.  Vernon  Boys,  Professors  Chr}-stal,  j 
Ewing,  G.  A.  Gibson,  and  Greenhill,  ' 
Principal  Griffiths,  Professor  Henrici,  ' 
Dr.  E.  W,  Hobson,  Mr.  C.  S.  Jackson,  ■ 
Sir  Oliver  Lodge,  Professors  Love, 
Mincbin,  and  Schuster,  and  Mr.  A. 
W.  Siddons. 


Section  B.— CHEMISTRY. 


The  Nature  of  Alloys. 


Isomeric  Naphthalene  Derivatives. 

The  Study  of  Isomorphous  Sulphonlc 
Derivatives  of  Benzene. 


Chairman  and  Secretary.  —  Mr.  F.  H. 

Neville 
Mr.  C.  T.  Heycock  and  Principal  K.  H. 

Griffiths. 

C^AairiMiwt.— Professor  W.  A.  Tildon. 
Secretary.— VrofessoT  H.  E.  Armstrong. 

Chairman. — Professor  H.  A.  Miers. 
Secretary. — Professor  H.  E.  Armstrong. 
Dr.  W.  P.  Wynne  and  ^(J^|(*  Pope. 


COMUITTEES  APPOINTED  BY  Tflfi  GENERAL  COMMITTEE*  ClU 

2.  JVot  receiving  ffranti  0/  Money — contidtied. 

Subject  ibr  iBTcstigatioii  or  Purpose  Mtmbers  of  the  Oommittee 


The  Relation  between  the  Absorption     C%Mirman  and  Secretarg^^Vrotemor  W« 
Spectra  and  Chemical  OonsUtation  of         Noel  Uartlejr. 

Organic  Substances.  ,  Professor  F.   R.  Japp,  Professor  J.  J; 

Dobble,  and  Mr.  Alexander  Lauder. 

SEcnoif  Oi— GBOLOaY* 


The  Collection,  Preservation,  and  Sys- 
tematic Registration  of  Photographs 
of  Geologic^  Interest. 


To  report  upon  the  present  state  of 
our  Knowledge  of  the  Slmcture  of 
Crystals. 


r'Atfmmift.— Professor  J.  Gelklbi 
J^ecretdrp.-^Vror^Hmf  W.  W.  WatfA. 
Professor  T.  G.  Bonney,  Dr.  T.  Anderson, 

Professors  B.  J.  Garwood  and  H.  H* 

Reynold.-?,  and  Messrs.  A.  S.  Ueid,  W. 

Gray,  II.  B.  Woodward,  K.  Kidston, 

J.  J.  H.  Te^ll,  J.  O.  Goodchlld,   H. 

Coates,   C.  V.   Crook.  G.  Bindley,   B. 

Welch.  A.    R.    Coomuraswumy,    and 

W.  J.  Harrison. 


Chairman. — Professor  N.  Story  Maske- 

lyne. 
Secretary, — Professor  H.  A.  Mien*. 
Mr.  L.  Fletcher,  Professor  W.  J.  Hollas, 

Mr.  W.  Barlow,  Mr.  G.  F.  H.  Smith, 

the  Earl  of  Berkeley,  and  Mr.  H.  L. 

Bowman. 


To  promote  the  Registration  of  Type     Chairman,— T>t,  H.  Woodward. 
Speclmetis  of  Fossils  in  the  British     Secretary. — Dr.  A.  Smith  Woodward. 
Isles.  '  Rey.  G.  F.  Whidbome,  Mr.  R.  Kidston, 

Professor  H.  G.  Seeley,  Mr.  H.  Woods, 
I       and  Rev.  J.  F.  Blake. 

Sbction  D.— zoology. 

To  investigate  the  structure,  formation,  ]  Chairman.— 'Hi.  A.  Sedgwick. 


and  growth  of  the  Coral  Reefs  of  the 
Indian  Regioil,  with  special  observa- 
tions on  the  inter-relationship  of  the 
reef  organisms,  the  depths  at  which 
they  grow,  the  food  of  oorals,  f flfects 
of  currents  and  character  of  the  ocean 
bottom,  &c.  The  land  tioraand  fauna 
will  be  collected,  and  it  \e  intended 
that  observations  shall  be  made  on  the 
manners,  kc.,  of  the  natives  in  the 
difteient  parts  of  the  Maldive  group. 


To  enable  Miss  Igesna  Sollas,  of  Newn- 
ham  College,  Cambridge^  to  study 
certain  points  in  the  development  of 
Opfaiusoids,  and  to  enable  other  com« 
petcnt  naturalists  to  perform  definite 
pieces  of  work  at  the  Marine  Labora* 
tory,  Plymouth. 


Secretary. — Mr.  J.  Stanley  Gardiner. 

Professor  J.  W.  Judd,  Mr.  J.  J.  Lister, 
Mr.  Francis  Darwin.  Dr.  S.  F.  Manner, 
and  Professors  A.  Macalister,  W.  A. 
Uerdman,  and  S.  J.  Uickson. 


Chairmdn  and  Sec7'etary.^Mt.  W.  Gar* 
stang. 

Professor  E.  Ray  Lankester,  Mr.  A-  Sedg- 
wick, Professor  Sydney  H.  Vices,  and 
Professor  W.  F.  R.  Weldon. 
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EEPOKT — 1903; 
2.  Nat  receiving  Ot€uU$  of  Money— coni^ned. 

Subject  for  Inrestigation  or  Purpose  Members  of  the  Committee 


To  continue  the  investigation  of  the 
Zoology  of  the  Sandwich  Islands, 
with  power  to  oo-operate  with  the 
Committee  appointed  for  the  parpoee 
bj  the  Rojal  Society,  and  to  avail 
themselves  of  sach  assistance  in  their 
investigations  as  may  be  offered  by 
the  Hawaiian  Government  or  the 
Trustees  of  the  Mnseom  at  Honolnln. 
The  Committee  to  have  power  to  dis- 
pose of  specimens  where  advisable. 

To  conduct  an  Investigation  into  the 
Madreporariaof  the  Bermuda  Islands. 


C^trnMn.— Professor  A.  Newton. 

Secretary. — Dr.  David  Sharp. 

Dr.  W.  T.  Blanford,  Professor    a    J. 

Hickson,  Dr.    P.  L.    Sdater,  Mr.   F. 

Dn  Cane    Godman,  and  Mr.    Edgar 

A.  Smith. 


Chairman, — Professor  S.  J.  Hickson. 

.Secretary,— Dt.  W.  E.  Hoyle. 

Dr.  F.  F.  Blackman,  Mr.  J.  8.  Gardiner, 

Professor  W.  A.  Herdman,  Mr.  A.  C. 

Beward,  Professor  C.  S.  Sherrington, 

and  Mr.  A.  G.  Tansley. 


t 


Section  R— GEOGRAPHY. 


Terrestrial  Surface  Waves. 


The  Geography  of  the  Antarctic  Regions 
in  the  area  to  be  explored  by  the 
Scottish  National  Antarctic  Expedi- 
tion. 


Chairman,— Dt,  J.  Scott  Keltie. 
Secretary. — Dr.  Vanghan  Cornish. 
Lieut..Col.  F.  Bailey,  Mr.  B.  A.  Floyer, 

Mr.   John   Milne,    and   Mr.    W.    H. 

Wheeler. 

Chairman,— H\i  T.  H.  Holdidi. 
Secretary.— lAtnL-Ool  F.  Bailey. 
Mr.  W.  S.  Bruce. 


Section  G.— ENGINEERING. 


To  obtain  Information  respecting  the 
present  Tidal  K6gime  of  the  River 
Mersey,  with  the  object  of  submitting 
the  data  so  obtained  to  Harmonic 
Analysis. 


Chairman,— lAJird  Kelvin.  | 

Secretary,— Mr,  J.  N.  Shoolbred. 

Professors  G.  H.  Darwin,  H.  8.  Hele-  ; 

Shaw,  Osborne  Reynolds,  and  W.  C.  i 

Unwin.  I 


Section  H.— ANTHROPOLOGY. 


To  conduct  Explorations  with  the  ob- 
ject of  ascertaining  the  Age  of  Stone 
Circles. 


The  Collection,  Preservation,  and  Sys- 
tematic Registration  of  Photographs 
of  Anthropological  Interest. 


Chairman,'-Ur.  C.  H.  Read. 

Secretary.'-Ur,  H.  Balfour. 

Sir  John  Evans,  Dr.  J.  G.  Garson,  Pro- 
fessor Meldola,  Mr.  A.  J.  Evans,  Dr.  B. 
Munro,  Professor  Boyd  Dawkios,  and 
Mr.  A.  L.  Lewis. 

Chairman.'^Ur.  C.  H.  Read. 
Secretary. ^lAt,  J.  L.  Myres. 
Dr.  J.  G.  Garson,  Mr.  H.  Ling  Roth,  Mr.  H. 

Balfour,  Dr.  A.  C.  Haddon,  Mr.  E.  S. 

Hartland.  Mr.  E.  Heawood,  Mr.  H.  S. 

Kingsford,    and    Professor    Flinders 

Petri©. 
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3l.  Hot  reeeiving  Grants  of  Money — conilnned. 


Snbjdti  for  InVestigaiidn  or  l^difpose 

I    

The  present  state  of  Anthropological 
Teaching  in  the  United  Kingdom  and 
I     elsewhere. 


To  organise  an  Ethnological  Sorvoy  of 
Canada. 


To  report  on  the  present  state  of  know- 
ledge of  the  Ethnography,  Folklore, 
and  Langnages  of  the  Peoples  of  the 
Pacific. 


Hembers  of  tho  Coiumitiee 


C%airm<i?i.— Professor  B.  B.  T^lor, 

Secretary, -^^T.  J.  L.  Myres. 

Professor  A.  Macalister,  Dr.  A.  C.  Had- 
don,  Mr.  G.  H.  Read,  Mr.  U.  Balfour, 
Mr.  F.  W.  Rudler.  Dr.  R.  Munro,  Pro- 
fessor Flinders  Petrie,  Mr.  H.  Ling 
Both,  and  Professor  D.  J.  CunniDgham. 

Chairman, — Professor  D.  P.  Penhallow. 

Secretary.— Ur,  C.  Hill-Tout. 

Mr.  K.  W.  Brabrook,  Dr.  A.  C.  Haddon. 
Mr.  B.  8.  Hartland,  Mr.  B.  Suite,  Mr. 
David  Boyle,  Mr.  0.  N.  Bell,  Professor  , 
E.  B.  Tylor,  Professor  J.  Mavor,  Mr.  A.  F.  i 
Hunter,  Dr.  W.  F.  Ganong,  Rev.  Father 
Monies,  Rev.  Father  A.  G.  Morice, 
Mr.  W.  Crooke,  and  Mr.  J.  L.  Myres. 

Chairman,— Vxoiessoi  E.  B.  Tylor. 
Secretary.— Dt,  A.  C.  Haddon. 
Mr.  H.  Balfour  and  Mr.  J.  Stanley  Gar- 
diner. 


Section  I.— PHYSIOLOGY. 


The  Physiological  Effects  of  Peptone 
and  its  Precursors  when  introduced 
into  the  drcnlation. 


To  investigate  the  Functions  of  the 
Roda  and  Cones  in  the  Mammalian 
Retina  with  reference  to  the  Visual 
Purple. 


(^ir«tf«.— Professor  E.  A.  Schafer. 
Seoreta/ry.—VToteswt  W.  H.  Thompson. 
Professors  R.  Boyce  and  C.  S.  Sherring- 
ton. 

Chairman.— Professor  J.  G.  McKendrick. 
Secretary.— Dt.  F.  W.  Edridge-Green. 
Professors  £.   H.  Starling   and  A.    D. 
Waller. 


Section  L.— EDUCATIONAL  SCIENCE. 


The  conditions  of  Health  essential  to 
the  carrying  on  of  the  work  of  in- 
struction in  schools. 


To  consider  and  report  npon  the  influ- 
ence exercised  by  Universities  and 
Examining  Bodies  on  secondary  school 
curricula,  and  also  of  the  schools  on 
university  requirements. 


Chairman. — Professor  Sherrington. 

Secretary,'-^!.  B.  White  Wallis. 

Dr.  C.  W.  Kimmins,  Professor  L.  C. 
Miall,  MiES  Findlay,  Miss  Alice  Raven- 
hill,  Miss  Maitland,  Dr.  Clement  Dukes, 
Dr.  Rivers.  Mr.  J.  Russell,  Dr.  Sydney 
Stephenson,  Dr.  C.  Childs,  Dr.  C. 
Shelley,  and  Mr.  E.  W.  Brabrook. 

Chairman.— T)!.  H.  B.  Armstrong. 

Secretary.— Mr,  R.  A.  Gregory. 

The  Bishop  of  Hereford,  Sir  Michael 
Foster,  Sir  P.  Magnus,  Sir  A.  W. 
Backer,  Sir  O.  J.  Lodge,  Mr.  H.  W.  Eve, 
Mr.  W.  A.  Shenstone,  Mr.  W.  D.  Eggar, 
Professor  MarshaU  Ward.  Mr.  F.  H. 
Neville,  Mrs.  W.  N.  Shaw,  and  Dr.  C. 
W.  Kimmins. 
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2.  Not  receiving  Grants  of  Money — contiDoed. 
Subjoct  for  Investigation  or  Purpose 


I 
The  Teaching  of  Botany  in  Schools.        |  Chairman.— I^rofessor  L.  C.  Miall. 

1  Secretary, — Mr.  Harold  Wager. 

Professor  J.  R.  Green.  Mr.  A.  C.  Seward, 
I  Professors  H»  M.  Ward,  J.  B.  Farmer, 
I  and  T.  Johnson,  Miss  Lilian  Clarke, 
I      and  Dr.  C.  W.  Kimmins. 

To  report  upon  the  Course  of  Kxpneri"     Chairman. — Sir  Philip  Magnus, 
mental,  Observational,  and  Practical     Secretary.— ^t,  W.  M.  Heller. 
Studies  mofit  suitable  for  Elementary     Hir  W.  de  W.  Abney,  Mr.  K.  H.  Adie, 
Schools,  Professor  H.  E.  Armstrong,  Miss  A.  J. 

Cooper,  Miss  L.  J.  Clarke,  Mr.  Geoige 
Fletcher,  Professor  B.  A.  Gregory, 
Principal  Griffiths,  Mr.  A.  D.  Hall,  Mr. 
A.  J.  Herbertson,  Dr.  C.  W.  Kimmios, 
Professor  J.  Perry,  Mrs.  W.  N.  Shaw, 
Professor  A.  Smithells,  Dr.  IJoyd 
Snape,  Principal  Beiobel,  Mr.  H. 
Richardson,  Mr.  Harold  Wager,  and 
Professor  W.  W.  Watts. 


Communication  ordered  to  be  printed  in  extenso. 
On  the  Use  of  Vectorial  Methods  in  Physics.    By  Profeasor  Henrici,  F.RS. 

HeBolutiofis  re/erred  to  the  Council  for  consideration^  and  action 
\f  desirable, 

(i.)  '  That,  as  urged  by  the  President  in  his  Address,  it  is  desirable  that  Scientific 
workers,  and  persons  interested  in  Science,  be  so  organised  that  they  may  exert  per- 
manent inliuence  on  public  opinion,  in  order  more  effectively  to  carry  out  the  third 
object  of  this  Association  originally  laid  down  by  the  Founders,  viz.,  **  to  obtain  a 
more  general  attention  to  the  objects  of  Science,  and  a  removalof  any  disadvantages 
of  a  public  kind  which  impede  its  progress,''  and  that  the  Council  be  recommended 
to  take  steps  to  promote  such  organisation.* 

(ii.)  *  That  the  Council  bo  requested  to  consider  the  desirability  of  urging  upon 
the  Government,  by  a  deputation  to  the  First  Lord  of  the  Treasury  or  otherwise,  the 
importance  of  increased  national  provision  being  made  for  University  Education.' 

(iii.)  •  The  Committee  of  Section  A,  having  received  a  communication  from  the 
International  Meteorological  Committee,  is  of  opinion  that  the  introduction  of  inter- 
national uniformity  in  the  units  adopted  for  the  records  of  meteorological  observa- 
tions would  be  of  great  practical  advantage  to  Science,  and  that  the  Council  be  re- 
quested to  take  such  steps  as  they  may  think  fit  toward  giving  effect  to  the  resolu- 
tion.* 

[Translation  of  filxtract  from  the  Procds  Verbal  of  the  International  Meteoro- 
logical Committee  at  their  Meeting  on  September  11, 1903,  referred  to  above  : — 

*  Section  6. — Dr.  Shaw  moved  that  the  attention  of  Section  A  of  the  British 
Association  be  called  by  the  International  Meteorological  Committee  to  the  utility 
which  would  result  from  obtaining  more  uniformity  in  the  units  adopted  in  Meteoro- 
logy, and  to  inquire  if  the  Section  did  not  consider  that  the  moment  had  come  for 
bringing  about  tliis  uniformity.* 

'  After  discussion,  the  Committee  decided  to  call  the  attention  of  Section  A  of 
the  British  Association  to  the  inconTeniences  which  arise  from  the  lack  of  uniformity 
in  the  units  adopted  in  Meteorological  observations,  and  to  ask  it  to  consider  if  the 
lime  has  not  come  for  bringing  about  this  uniformity.'] 
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(iv.)  *  The  Committee  of  Section  A  desire  to  express  their  opinion  that  the  system- 
atic investigation  of  the  upper  cnrrents  of  the  atmosphere  by  means  of  kites  or 
balloons  is  of  great  importance  to  Meteorology ;  and  ask  the  Council  to  take  sach 
steps  as  they  may  think  fit  to  urge  upon  the  Treasury  the  importance  of  providing  the 
Meteorological  Council  with  the  f tmds  necessary  for  the  purix)8e.' 

(v.)  *  That  the  Council  be  asked  to  consider  the  dwirability  of  permitting  the 
publication  of  the  whole  of  the  Sectional  programmes  in  the  *  Daily  Journal  *  at  as 
eariy  a  date  as  possible.* 

(vi.)  'That  it  is  desirable  that  further  steps  should  betaken  to  make  the  Reports 
of  Committees  (as  distinguished  from  papers)  communicated  to  the  AssociBtion  more 
accessible  to  the  general  public  by  the  provision  of  Indices  to  the  published  volumes 
and  otherwise ;  and  that  the  Council  be  asked  to  consider  the  conditions  upon  which 
Reports  of  Committees  and  Proceeilings  of  Sections  might  be  published  separately  if 
required.' 

(vii.)  *  That  the  Sectional  Committees  be  continued  in  existence  until  the  now 
Sectional  Committees  are  appointed,  and  be  authorised  to  bring  to  the  notice  of  the 
Council  in  the  interval  between  the  Annual  Meetings  of  the  Association  any  matter 
on  which  the  action  of  the  Council  may  be  desired  in  the  interests  of  the  several 
Sections,  and  that  a  ('ommittee  may  be  summoned  at  any  time  by  the  President  of 
the  Section  or  by  the  Council.' 
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Synopsis  of  Grants  of  Moiwy  approimated  to  Scientific  Purposes  by  the 
General  Committee  at  the  Soidhport  Meeting ^  September  1903.  The 
Nawss  of  the  Members  entitled  to  call  on  tlie  General  Treastirer 
for  tlve  respective  Grants  are  pi-efixed. 

MatJiemalics  and  Physics. 

£     8.    d. 

*Rayleigb,  Lord — Electrical  Standards  (Unexpended  balance)  — 

* Judd,  Professor  J.  W. — Seismological  Observations 40     0     0 

*Shaw,  Dr.  W.  N. — Upper  Atmospbere  Investigations  (Un- 
expended balance  and)    50    0     0 

♦Preece,  Sir  W.  H. — Magnetic  Observations  60     0     0 

Chemistry, 

♦Roscoe,  Sir  H.— Wave-length  Tables  of  Spectra  10     0     0 

♦Divers,  Prof.  E.— Study  of  Hydro- Aromatics  25     0     0 

Geology. 

*Marr,  Mr.  J.  E.— Erratic  Blocks  (Balance  in  hand  and) 10     0     0 

♦Scharff,  Dr.  R.  F. — To  Explore  Irish  Caves  (Balance  in  hand)  — 
♦Watts,  Professor  W. — Movements  of  Underground  Waters 

(Balance  in  hand)    — 

♦Marr,  Mr.  J.  E. — Life-zones  in  Carboniferous  Rocks  35     0     0 

♦Herdman,  Professor — Fauna  and  Flora  of  British  Trias 10     0     0 

Lamplugh,  Mr.  G.  W. — To  investigate  Fossiliferous  Drifts...  50     0     0 

Zoology. 

♦Hickson,  Professor  S.  J.— -Zoological  Table  at  Naples 1 00  0  0 

♦Woodward,  Dr.  H.— Index  Animalium 60  0  0 

Weldon,  Professor — Investigations  in  Development  in  the 

Frog 15  0  0 

Hickson,  Professor  S.  J. — Researches  on  the  Higher  Crustacea     15  0  0 

Economic  Science  and  Statistics. 

Cannan,  Dr.  E.— British  and  Foreign  Statistics  of  Interna- 
tional Trade 25     0     0 

Engineering, 

♦Thornycroft,  Sir  J.  J.— Resistance  of  Road  Vehicles  to  Trac- 
tion       90    0    0 

Carried  forward    £595     0     0 

♦  Reappointed 
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£        8.     d. 

Brought  forward     595     0     0 

Anthropology. 

•Evans,  Sir  John — Archseological  and  Ethnological  Researches 

in  Crete    100  0  0 

♦Munro,  Dr.  R. — Researches  in  Glastonbury^  Lake  Village  ...     25  0  0 
^Macalister,  Professor  A. — Anthropometric  Investigation  on 

Egyptian  Troops 10  0  0 

Evans,  Dr.  A.  J. — Excavations  on  Roman  Sites  in  Britain...     25  0  0 

Physiology. 

♦Halliburton,  Professor— The  State  of  Solution  of  Proteids  ...     20     0     0 
Gotcb,  Professor— Metabolism  of  Individual  Tissues    40     0     0 

Botcmy. 

Vines,  Professor  S.  H.— .  Completion  of  Monograph  on  Pota- 

mogeton   10  0  0 

♦Miall,  Professor  L.  C. — Botanical  Photographs 5  0  0 

•Ward,  Professor  Marshall — Respiration  of  Plants    ,  15  0  0 

Ward,  Professor  M. — Experimental  Studies  in  Heredity    ...  35  0  0 

Corresponding  Societies, 

•Whitaker,  Mr.  W.— Preparing  Report,  d5c 20     0    0 

"^900"0 "  0 
*  Beappointed. 


The  Annual  Meeting  in  1904. 

The  Annual  Meeting  of  the  Association  in   1904  will  be  held   at 
Cambridge,  commencing  August  17. 

The  Annital  Meeting  in  1905. 

The  Annual   Meeting  of  the  Association  in   1905  ^vill  be  held  in 
South  Africa. 
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General  Statement  of  Sums  which  have  been  paid  on  account  of 
Grants  for  Scientific  Purposes 


1834. 


Tide  Discussions 


£    f.   d. 

20    0    0 


1835. 

Tide  Discussions   G2     0    0 

British  Fossil  Ichthyology  ...  105    0    0 


£167    o    0 


1836. 

Tide  Discussions    163  0  0 

British  Fossil  Ichthyology  ...  105  0  0 
Thermometrio    Observations, 

&c 60  0  0 

Experiments    on     Long-con- 
tinued Heat    17  1  0 

Rain-gauges   , 9  13  0 

Refraction  Experiments  15  0  0 

Lunar  Nutation 60  0  0 

Thermometers   15  6  0 


£4a5_0  0 

1837. 

Tide  Discussions    284     1  0 

Chemical  Constants  24  13  6 

Lunar  Nutation 70    0  0 

Observations  on  Waves    10012  0 

Tides  at  Bristol 1.'50    0  0 

Meteorology    and     Subterra- 
nean Temperature 93     3  0 

Vitrification  Experiments    ...  1.50    0  0 

Heart  Experiments   8     4  6 

Barometric  Obser  vat  ions .30    0  0 

Barometers 11  18  6 

i?922  12~6 


1838. 

Tide  Discussions    29  0  0 

British  Fossil  Fishes 100  0  0 

Meteorological  Observations 
and  Anemometer  (construc- 
tion)       100  0  0 

Cast  Iron  (Strength  of)    60  0  0 

Animal  and  Vegetable  Sub- 
stances (  Preservation  of ) . . .     19  110 

Railway  Constants    41  12  10  | 

Bristol  Tides 50  0  0 

Growth  of  Plants  75  0  0 

Mud  in  Rivers    3  6  6 

Education  Committee  50  0  0 

Heart  Experiments   6  3  0 

Land  and  Sea  Level .267  8  7 

Steam-vessels 100  0  0 

Meteorological  Committee  ...     31  9  5 

£932  2  2 


1839. 

Fossil  Ichthyology    

Meteorological  Obseryationi 
at  Plymouth,  &c. 

Mechanism  of  Waves  

Bristol  Tides  

Meteorology  and  Subterra- 
nean Temperature 

Vitrification  Experiments   ... 

Cast-iron  Experiments 

Railway  Constants 

Land  and  Sea  Level 

Steam-vessels*  Engines     

Stars  in  Histoire  Celeste 

Stars  in  Lacaille   

Stars  in  R.A.S.  Catalogue    ... 

Animal  Secretions ►...  . 

Steam  Engines  in  Cornwall... 

Atmospheric  Air    

Cast  and  Wrought  Iron    

Heat  on  Organic  Bodies  

Gases  on  Solar  Spectrum 

Hourly  Meteorological  Ob- 
servations, Inverness  and 
Kingussie    

Fossil  Reptiles   

MiniMg  Statistics  


£    i. 

d. 

110  0 

0 

63  10 

0 

144  2 

0 

86  18 

6 

21  11 

0 

9  4 

0 

103  0 

7 

28  7 

0 

274  1 

2 

100  0 

4 

171  18 

0 

11  0 

6 

166  16 

0 

10  10 

6 

60  0 

0 

16  1 

0 

40  0 

0 

3  0 

0 

22  0 

0 

49  7 

8 

118  2 

9 

50  0 

0 

£1696  11     0 


1840. 


Bristol  Tides  

Subterranean  Temperature  ... 

Heart  Experiments   

Lungs  Experimenta 

Tide  Discussions   

Land  and  Sea  Level 

Stars  (Histoire  Celeste)   

StArs  (Lacaille) 

Stars  (Catalogue) 

Atmospheric  Air    

Water  on  Iron    

Heat  on  Organic  Bodies  

Meteorological  Obpervations . 

Foreign  Scientific  Memoirs... 

Working  Population 

School  Statistics    

Forms  of  Vessels   

Chemical  and  Electrical  Phe- 
nomena     

Meteorological  Observations 
at  Plymouth  

Magnetical  Observations 


100    0    0 

13  13    6 

18  19    0 

8  13     0 

60    0    0 

6  11     1 
242  10    0 

4  15    0 
264    0 
IS  16 
10    0 

7  0 
52  17     6 

112     1     6 
100    0 
50    0 
184     7 


0 
0 
0 
0 


0 
0 
0 


40    0     0 

80    0     0 
186  13     9 


£1646  16     4 
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1841. 

£    ff.  d. 

ObserratioDs  on  Waves    30    0  0 

Meteorology   and     Subterra- 
nean Temperatare 8    8  0 

Actinometers 10    0  0 

KartlKftiake  Shocks  17    7  0 

Acrid  Poisons 6    0  0 

Veins  and  Absorbents  3    0  0 

Mod  in  Rivers    5    0  0 

Marine  Zoology 15  12  8 

Skeleton  Maps   20    0  0 

Moantain  Barometers  6  18  6 

Stars  (Histoire  Celeste)    185    0  0 

Stars  (LacaiUe) 79    5  0 

Stari  (Nomenclature  of ) 17  19  6 

Stars  (Catalogue  of ) 40    0  0 

Water  on  Iron    50    0  0 

Meteorological    Observations 

at  Inverness  20    0  0 

Meteorological    Observations 

(reduction  of)    25    0  0 

FoasU  Reptiles  60    0  0 

Foreign  Memoirs  62    0  6 

Bailway  Sections  38     1  0 

Forms  of  Vessels  193  12  0 

Meteorological    Observations 

at  Plymouth    65    0  0 

Maffnetical  Observations 61  18  8 

Fishes  of  the  Old  Red  Sand- 
stone      100    0  0 

Tides  at  Leith    60    0  0 

Anemometer  at  Edinburgh ...  69    110 

Tabulating  Observations 9    6  3 

Races  of  Men 5    0  0 

Badiate  Animals  2    0  0 

jei235  10  11 


I  t,    d. 

Force  of  Wind   10  0    0 

Light  on  Growth  of  Seeds  ...      8  0    0 

Vital  Statistics  60  0    0 

Vegetative  Power  of  Seeds  ...      8  1  11 

Questions  on  Human  Race  ...      7  9    0 


1842. 

Dynamometrio  Instruments..  118  U  2 

Anoplara  Britannise 62  12  0 

Tides  at  Bristol 59  8  0 

Gases  on  Light  W  14  7 

Chronometers 26  17  6 

Marine  Zoology 15  0 

British  Fossil  Mammalia 100  0  0 

Statistics  of  Education 20  0  0 

Marine     Staam-vessels'     En- 
gines        28  0  0 

Stars  (Histoire  Celeste)  69  0  0 

StarB(Brit.  Assoc.  Cat.  of)...  110  0  0 

Railway  Sections  161  10  0 

British  Belemnites    60  0  0 

Fossil    Reptiles  (publication 

of  Report)  210  0  0 

Forms  of  Vessels  180  0  0 

Galvanic      Experiments     on 

Bocks  5  8  6 

Meteorological     Experiments 

atTlymouth  68  0  0 

Constant  Indicator  and  Djma- 

mometric  Jostmments 90    0  0 


£1449  17    8 


1843. 

Revision  of  the  Nomenclature 

of  Stars  2    0    0 

Reduction  of  Stars,  British 
Association  Oatalogne 25    0    0 

Anomalous    Tides,    Firth   of 

Forth  120    0    0 

Hourly  Meteorological  Obser- 
vations at  Kingussie  and 
Inverness    77  12    8 

Meteorological  Observations 
at  Plymouth   66    0    0 

Whewell's  Meteorological  Ane- 
mometer at  Ply  month 10    0    0 

Meteorological  Observations, 
Osier's  Anemometer  at  Ply- 
mouth       20    0    0 

Reduction  of  Meteorological 
ObservationH 30    0    0 

Meteorological  Instruments 
and  Gratuities   39     6    0 

Constmction  of  Anemometer 
at  Inverness    66  12    2 

Magnetic  Co-operation 10    8  10 

Meteorological   Recorder   for 

Kew  Observatory  60    0    0 

Action  of  Gases  on  Light 18  16     1 

Establishment  at  Kew  Ob- 
servatory, Wages,  Repairs, 
Furniture,  and  Sundries  ...  133    4    7 

Experiments  by  Captive  Bal- 
loons         81     8    0 

Oxidation    of    the    Rails   of 

RaUways 20    0    0 

Publication     of    Report    on 

Fossil  Reptiles  40    0    0 

Coloured  Drawings  of  Rail- 
way Sections 147  18     3 

Registration  of  Earthquake 
Shocks 80    0    0 

Report  on  Zoological  Nomen- 
clature      10    0    0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester 4     4     6 

Vegetative  Power  of  Seeds  ...       6    3     8 

Marine  Testacea  (Habits  of)  .     10    0    0 

Marine  Zoology 10    0    0 

Marine  Zoology 2  14  11 

Preparation  of  Report  on  Bri- 

•  tish  Fossil  Mammalia   100    0    0 

Physiological    Operations    of 

Medicinal  Agents 20    0    0 

Vital  Statietigy a   SiS^^^ftu 
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£  s. 
Additional    Experiments    on 

the  Forms  of  Vessels    70    0 

Additional    Experiments    on 

the  Fonns  of  Vessels    100    0 

Redaction  of  Experiments  on 

the  Forms  of  Vessels    100    0 

Morin*s  Instniment  and  Con> 

stant  Indicator  69  14 

Experiments  on  the  Strength 

of  Materials 60    0 

iei665  10 


10 


1844. 
Meteorological    Observations 

at  Kingussie  and  Inverness    12    0    0 
Completing  Observations  at 

Plymouth    36    0    0 

Magnetic  and  Meteorological 

(SM>peration 25    8    4 

Publication   of    the    British 

Association    Catalogue    of 

Stars    35    0    0  . 

Observations  on  Tides  on  the 

East  Coast  of  Scotland    ...  100    0    0 
Revision  of  the  Nomenclature 

of  Stars  1842      2    9    6 

Maintaining  the  Establish- 
ment at  Kew  Observa- 
tory   117  17    3 

Instruments  for  Kew  Obser- 
vatory      66    7     8 

Influence  of  Light  on  PlanU      10    0    0 
Subterraneous    Temperature 

in  Ireland  6    0    0 

Coloured  Drawings  of  Rail-  i 

way  Sections 16  17    6  1 

Investigation  of  Fossil  Fishes 

of  the  Lower  Tertiary  Strata  100    0    0  , 
Registering    the    Shocks   of 

Earthquakes 1842    23  11  10 

Structure  of  Fossil  Shells   ...     20    0    0  , 
Radlataand  Molluscaof  the 

^gean  and  Red  Seas  1842  100    0    0 
Geographical  Distributions  of 

Marine  Zoology 1842      0  10    0  , 

Marine  Zoology  of  Devon  and  , 

ComwaU 10    0    0 

Marine  Zoology  of  Corf  u 10    0    0 

Experiments  on  the  Vitality 

of  Seeds 9    0    0 

Experiments  on  the  Vitality  i 

of  Seeds 1842      8    7     3  1 

Exotic  Anoplura    15    0    0  i 

Strength  of  Materials 100    0    0  I 

Completing  Experiments  on  ; 

the  Forms  of  Ships  100    0    0  i 

Inquiries  into  Asphyxia  10    0    0  I 

Investigations  on  the  Internal 

Constitution  of  Metals 60    0    0  ' 

Constant  Indicator  and  Mo- 

rin*s  Instrument    1842    10    0    0 


1845. 

£    •.  d. 

Publication  of  the  British  As- 
sociation Catalogue  of  Stars  361  14    6 

Meteorological  Observations 
at  Inverness   30  18  11 

Magnetic  and  Meteorological 
Co-operation  16  16    8 

Meteorological  Instruments 
at  Edinburgh 18  11     9 

Reduction  of  Anemometrical 
Observations  at  Plymouth    26    0    0 

Electrical  Experiments  at 
Kew  Observatory 43  17    8 

Maintaining  the  Establish- 
ment at  Kew  Observatory  149  16    0 

For  Kreil's  Barometrograph    26    0    0 

Oases  from  Iron  Furnaces...    60    0    0 

The  Actinograph   16    0    0 

Microscopic  Structure  of 
Shells  20    0    0 

Exotic  Anoplura   1843    10    0    0 

Vitality  of  Seeds  1843      2    0    7 

Vitality  of  Seeds  1844      7    0    0 

Marine  Zoology  of  Cornwall  .    10    0    0 

Physiological  Action  of  Medi- 
cines     20    0    0 

Statistics    of    Sickness   and 

Mortality  in  York 20    0    0 

Earthquake  Shocks  1843    16  14     8 

/831     9     9 


£981  12     8 


1846.. 

British  Association  Catalogue 

of  Stars  1844  211  16  0 

Fossil  Fishes  of  the  London 

Clay 100    0  0 

Computation  of  the  Oaussian 

Constants  for  1829    60    0  0 

Maintaining   the    Establish- 
ment at  Kew  Observatory    146  16  7 

Strength  of  Materials  60    0  0 

Researches  in  Asphyxia  6  16  2 

Examination  of  Fossil  Shells    10    0  0 

ViUlity  of  Seeds  1844      2  16  10 

Vitality  of  Seeds  1846      7  12  S 

Marine  Zoology  of  Cornwall    10    0  0 

Marine  Zoology  of  Britain  ...     10    0  0 

Exotic  Anoplura    1844    26    0  0 

Expenses  attending  Anemo- 
meters      11     7  6 

Anemometers*  Repairs 2    3  6 

Atmospheric  Waves 3    3  3 

Captive  Balloons  1844      8  19  8 

Varieties  of  the  Human  Race 

1844      7    6  3 
Statistics    of    Sickness    and 

MortaUty  in  York 12    0  0 

£686  16  0 
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1847. 

£  i.  d. 
Computation  of  the  Gaussian 

Constants  for  1829 50  0  0 

Habits  of  Marine  Animals  ...  10  0  0 
Fhsrsiological  Action  of  Medi- 

cines    20  0  0 

Harine  Zoolc^y  of  Cornwall  10  0  0 

Atmospheric  Waves 6  9  3 

Vitality  of  Seeds  4  7  7 

Maintaining    the   Establish- 

nlent  at  Kew  Observatory  1078  6 

£208  5  4 

1848. 
Maintaining    the   Establish* 

iflent  at  Kew  Observatory    171  15  11 

Atmospheric  Waves ^«...      3  lO  9 

Vitality  of  Seeds  /...      9  15  0 

Completion  of  Catalogue  of 

Stars 70    0  0 

On  Colooring  Hattets  .......<.      5    0  0 

On  Growth  of  Plants i'_}^__P  ^ 

£275     1  8 

1849. 

Electrical     Observations    at 
Kew  Observatory 60    0    0 

Maintaining   the    Establish- 
ment at  ditto 76    2    5 

Vitality  of  Seeds   *..      5    8    1 

On  Growth  of  Plants    5    0    0 

Begistration    of     Periodical 
Hienomena 10    0    0 

Bill  on  Account  of   Anemo- 

metrical  Observations 13    9    0 

£l5Sri9~  6 


1852. 

£    ».  di 

Maintilining  the  Establish- 
ment at  Kew  Observatory 
(incltding  balance  of  grant 
for  1850) 233  17    8 

Ezperitnents  on  the  Condttc- 
tionofHeat  i 5    2    9 

Infltienc^  of  Solar  Radiations    20    0    0 

Geological  Map  of  Ireland  ...     15    0    0 

Researches  on  the  British  An- 
nelida 10    0    0 

Vitality  of  Seeds  10    6    :S 

Strength  of  Boilerplates 10    0    U 

£^~  6^  t 


1850. 
Maintaining    the    Establish- 
ment at  Kew  Observatory    255  18    0 
Transit  of  Earthquake  Waves    50    0    0 

Periodical  Phenomena 15    0    0 

Meteorological    Instrmnents^ 

Azores 25    0    0 

£345  18    0 

1851. 
Maintaining    the    Establish- 
ment at  Kew  Observatory 
(includes  part  of  grant  in 

1849)    309    2     2 

Theory  of  Heat 20    1     1 

Periodical  Phenomena  of  Ani- 
mals and  Plants 5    0    0 

Vitality  of  Seeds  6    6    4 

Influence  of  Solar  Radiation      30    0    0 
Ethnological  Inquiries... ......     12    0    0 

Researches  on  Annelida  10    0    0 

£391    9    7 
1903.  =— 


1853. 

Maintaining  the  Establish- 
ment at  Kew  Observatory     165    0    0 

Experiments  on  the  Influence 
of  Solar  Radiation    15    0    0 

Researches  on  the  British 
Annelida... «.« 10    0    0 

Dredging  on  the  East  Coast 
of  Scotland 10    0    0 

Ethnological  Queries   5    0    0 

£205    0    0 

1854. 

Maintaining  the  Establish- 
ment at  Kew  Observatory 
(including  balance  of 
former  grant) 330  15    4 

Investigations  on  Flax 11    0    0 

Effects  of  Temperature  on 
Wrought  Iron 10    0    0 

Registration    of     Periodical 

Phenomena 10    0    0 

British  Annelida  10    0    0 

Vitality  of  Seeds  5    2    3 

Conduction  of  Heat 4    2    0 

j  £380  19"  7 

]                                 1865. 
,  Maintaining   the    Establish- 
ment at  Kew  Observatory    426    0  0 

j  Earthquake  Movements   10    0  0 

I  Physical  Aspect  of  the  Moon       118  5 

Vitality  of  Seeds  lo    7  U 

Map  of  the  World 16    0  0 

"  "~  '     '               .                              ^  ^ 

0  0 

£480  16  4 


Ethnological  Queries   6 

Dredging  near  Belfast 4 


1866. 
Maintaining    the    Establish- 
ment   at    Kew     Observa- 
tory : — 

1854 £  76    0    0\    ^,, 

1855 ,...£500    0    Of   ^^^ 


0    0 


Digitized  by  CjOOQIC 
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Strickland's      Ornithological 

Synonyms   100 

Dredging      and      Dredging ' 

Forms 9 

Chemical  Action  of  Light   ...     20 

*5trength  of  Iron  Plates   10 

Registration    of     Periodical 

Phenomena 10 

Propagation  of  Salmon 10 

£734 


0    0 


13 
0 
0 

0 

0 

13 


1857. 

Maintaining  the    Establish- 
ment at  Kew  Observatory    360    0    0 

Earthquake     Wave    Experi- 
ments       40    0    0 

Dredging  near  Belfast 10    0    0 

Dredging  on  the  West  Coast 
of  Scotland 10    0    0 

Investigations  into  the  Mol- 
losca  of  California    10    0    0 

Experiments  on  Flax  5    0    0 

Natural    History   of    Mada- 
gascar       20    0    0 

Researches  on  British  Anne- 
lida       25    0    0 

Report  on  Natoral  Products 
imported  into  Liverpool  ...     10    0    0  ; 

Artificial  Propagation  of  Sal-  I 

mon 10    0    0 

Temperature  of  Mines 7    8    0 

Thermometers  for  Subterra- 
nean Observations 5    7     4 

Life-boaU  5    0    0 

Z507~15~4 


1858. 

Maintaining  the  Establish- 
ment at  Kew  Observatory    600    0    0 

jfcarthquake  Wave  Experi- 
ments      26    0    0 

Dredging  on  the  West  Coast 
of  Scotland 10    0    0 

Dredging  near  Dublin 6    0    0 

Vitality  of  Seed    6    5    0 

Dredging  near  Belfast 18  13    2 

Report  on  the  British  Anne- 
lida      26    0    0 

Experiments  on  the  produc- 
tion of  Heat  by  Motion  in 
Fluids 20    0    0 

Report  on  the  Natural  Pro- 
ducts imported  into  Scot- 
land  •_^^_*^_J^ 

£618  18     2 


1859. 
Maintaining   the    Establish- 
ment at  Kew  Observatory     600    0 
Dredging  near  Dublin 16    0 


£  «.  i. 

Osteology  of  Birds    50  0  0 

Irish  Tunicata    5  0  0 

Manure  Experiments   20  0  0 

British  Medusidae 5  0  0 

Dredging  Committee    6  0  0 

Steam-vessels' Performance...  5  0  0 
Marine  Fauna  of  South  and 

West  of  Ireland 10  0  0 

Photographic  Chemistry 10  0  0 

Lanarkshire  Fossils 20  0  1 

Balloon  Ascents 39  11  0 

£684"m[ 


1860. 
Maintaining    the    Establish- 
ment at  Kew  Observatory    600    0 

Dredging  near  Belfast 16    6 

Dredging  in  Dublin  Bay 15    0 

Inquiry  into  the  Performance 

of  Steam-vessels    124    0 

Explorations  in  the  Yellow 

Sandstone  of  Dura  Den    ...     20    0 
Chemico-mechanical  Analysis 

of  Rocks  and  Minerals 25    0 

Researches  on  the  Growth  of 

Plants 10    0 

Researches  on  the  Solubility 

of  Salts  30    0 

Researcheson  theConstituents 

of  Manures     25    0 

Balance  of  Captive   Balloon 

Accounts 1  13 


£766  19     6 


1861. 


Maintaining    the    Establish- 
ment at  Kew  Observatory, .  500 

Earthquake  Experiments ^6 

Dredging    North    and    East 

Coasts  of  Scotland    

Dredging  Committee : — 

1860 £50    0    0  1  -„ 

1861 £22    0    0/^^ 

Excavations  at  Dura  Den 20 

Solubility  of  Salts     20 

Steam- vessel  Performance   ...  160 

Fossils  of  Lesmahagow  16 

Explorations  at  Uriconium ...  20 

Chemical  Alloys    20 

Classified  Index  to  the  Tran.<w 

actions 100 

Dredging  in  the  Merseyand 

Dee 5 

Dip  Circle  30 

Photoheliographic     Observa- 
tions      BO 

Prison  Diet 20 

Gauging  of  Water 10 

Alpine  Ascents  6 

Constituents  of  Manures 25 


0    0 
0     0 


23    0    0 


0     0 


0    O 

0  0 
0    O 

0  O 
0  O 
0  O 
6  10 
0    O 


£1111     6  10 
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1862. 

£  #.  d. 
Maintaining    the    Establish- 
ment at  Kew  Observatory     500  0  0 

Patent  Laws   21  6  0 

Molloscaof  N.-W.  of  America    10  0  0 
Natural  History  by  Mercantile 

Marine     5  0  0 

Tidal  Observations    25  0  0 

Pbotobeliometer  at  Kew 40  0  0 

Photographic  Pictures  of  the 

S«n 150  0  0 

Kocksof  Donegal 25  0  0 

Dredging  Durham  and  North- 
umberland Coasts 25  0  0 

Connection  of  Storms  20  0  0 

Dredging    North-east    Coast 

of  Scotland    6  9  6 

Ravages  of  Teredo   3  11  0 

Standards  of  Electrical  Re- 
sistance        60  0  0 

Railway  Accidents    10  0  0 

Balloon  Committee 200  0  0 

Dredging  Dublin  Bay 10  0  0 

Dredging  the  Mersey   5  0  0 

Prison  Diet 20  0  0 

Gauging  of  Water 12  10  0 

Steamships'  Performance 150  0  0 

Thermo-electric  Currents    ...       5  0  0 

£1293  16' ~6 


£  #.  d. 

Thermo-electricity 15  0    0 

Analysis  of  Rocks     8  0    0 

Hydroida 10  0    0 

£1608  8  10 


1864. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Coal  Fossils    20  0  0 

Vertical  Atmospheric  Move- 
ments       20  0  0 

Dredging,  Shetland  .» 75  0  0 

Dredging,  Northumberland...     25  0  0 

Balloon  Committee  200  0  0 

Catbon  under  pressure     10  0  0 

Standards    of    Electric    Re- 
sistance     100  0  0 

Analysis  of  Rocks     10  0  0 

H\-droida     10  0  0 

Aikham's  Gift 50  0  0 

Nitrite  of  Amyle  10  0  0 

Nomenclature  Committee   ...       5  0  0 

Uain-gauges  19  15  8 

Cast-iron  Investigation    20  0  0 

Tidal    Observations     in    the 

Humber  50  0  0 

Spectral  Rays 45  0  0 

Luminous  Meteors 20  0  0 

£1289  15  8 


1863. 
Maintaining    the    Establish- 
ment at  Kew  Observatory...  600  0  0 
Balloon  Committee  deficiency    70  0  0 
Balloon    Ascents    (other  ex- 
penses)          25  0  0 

Entozoa  25  0  0 

Coal  Fossils    20  0  0 

Herrings 20  0  0 

Granites  of  Donegal 5  0  0 

Prison  Diet     20  0  0 

Vertical  Atmospheric  Move- 
ments       13  0  0 

Dredging  Shetland   60  0  0 

Dredging  North-east  Coast  of 

Scotland 25  0  0 

Dredging       Northmnberland 

and  Durham  17  3  10 

Dredging  Committee  superin- 

terdence     10  0  0 

Steamship  Performance  100  0  0 

Balloon  Committee  200  0  0 

Carbon  under  pressure 10  0  0  • 

Volcanic  Temperature 100  0  0 

Bromide  of  Ammonium 8  0  0  | 

Electrical  Standards 100  0  0  , 

Electrical  Construction    and  | 

Distribution  ., 40  0  0  | 

Lominous  Meteors    17  0  0  ' 

Kew  Additional  Buildings  for  i 

FhoU^eliograph 100  0  0  | 


1865. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Balloon  Committee  100  0  0 

Hydroida 13  0  0 

Rain-gauges   30  0  0 

Tidal     Observations    in    the 

Humber  6  8  0 

Hexylic  Compounds 20  0  0 

Amyl  Compounds 20  0  0 

Irish  Flora 26  0  0 

American  Mollusca  3  9  0 

Organic  Acids    2a  0  0 

Lingula  Flags  Excavation  ...     10  0  0 

Euryptems 50  0.0 

Electrical  Standards 100  0  0 

Malta  Caves  Researches  30  0  0 

Oyster  Breeding    25  0  0 

Gibraltar  Caves  Researches...  150  0  0 

Kent's  Hole  Excavations 100  0  0 

Moon's  Surface  Observations      35  0  0 

Marine  Fauna    25  0  0 

Dredging  Aberdeenshire 25  0  0 

Dredging  Channel  Islands  ...     50  0  0 

Zoological  Nomenclature 5  0  0 

Resistance  of  Floating  Bodies 

in  Water 100  0  0 

Bath  Waters  Analysis  8  10  10 

Luminous  Meteors    40  0  0 

£159^710 
Digitizecftjy-VjOlpVlC 
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1866. 

£  s. 
MstintsiiuiDfi:    the    EstiU>li8h- 

ment  at  Kew  Observatory. .  600  0 

Lunar  Committee 64  13 

Balloon  Committee  50  0 

Metrical  Committee 50  0 

British  Rainfall 00  0 

Kilkenny  Coal  Fields  16  0 

Alum  n&j  Fossil  Leaf-bed  ...     15  0 

Luminous  Meteors    50  0 

Lingula  Flagrs  Excavation  ...     20  0 
Chemical     Constitution     of 

CastLron    50  0 

Amyl  Compounds 25  0 

Electrical  Standards 100  0 

Malta  Caves  Exploration 30  0 

Kent's  Hole  Exploration 200  0 

Marine   Fauna,   &c.,    Devon 

and  Cornwall 25  0 

Dredging  Aberdeenshire  Coast   25  0 

Dredging  Hebrides  Coast    ...    50  0 

Dredging  the  Mersey  5  0 

Resistance  of  Floating  Bodies 

in  Water 50  0 

Polycyanidesof  Organic  Radi- 
cals      29  0 

Rigor  Mortis 10  0 

Irish  Annelida  15  0 

Catalogue  of  Crania 50  0 

Didine  Birds  of    Mascarene 

Islands    50  0 

Typical  Crania  Researches  ...    30  0 

Palestine  Exploration  Fund...  100  0 

£1760  13' 


I  1868. 

'                                                       £  s.  d. 

'  Maintaining   the    Establish- 

I      ment  at  Kew  Observatory. .  600  0  0 

I  Lunar  Committee 120  0  0 

Metrical  Committee 50  0  0 

Zoological  Record 100  0  0 

Kent's  Hole  Explorations    ...  150  0  0 

Steamship  Performances .     ..100  0  0 

I  British  Rainfall 50  0  0 

I  Luminous  Meteors 50  0  0 

;  Organic  Acids    60  0  0 

I  Fossil  Crustacea 25  0  0 

I  Methyl  Series 26  0  0 

Mercury  and  Bile 25  0  0 

Organic    Remains  in  Lime* 

stone  Rocks    25  0  0 

,  Scottish  Earthquakes  20  0  0 

I  Fauna,  Devon  and  Cornwall..    30  0  0 

'  British  Fossil  Corals    50  0  0 

Bagshot  Leaf -beds    50  0  0 

Greenland  Explorations  100  0  0 

Fossil  Flora 26  0  0 

Tidal  Observations   100  0  0 

I  Underground  Temperature ...     50  0  0 
I  Spectroscopic   Investigations 

of  Animal  Substances   5  0  0 

Secondary  Reptiles,  Jcc 30  0  O 

'  British    Marine   Invertebrate 

'       Fauna 100  0  0 

7T940~~0~b 


1867. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600  0  0 
Meteorological    Instruments, 

Palestine 50  0  0 

Lunar  Committee 120  0  0 

Metrical  Committee 30  0  0 

Kent's  Hole  Explorations    ...  100  0  0 

Palestine  Exploiations 50  0  0 

Insect  Fauna,  Palestine    30  0  0 

British  Rainfall 60  0  0 

Kilkenny  Coal  Fields  26  0  0 

Alum  Bay  Fossil  Leaf -bed  ...    26  0  0 

Luminous  Meteors    60  0  0 

Bournemouth,  &c.,  Leaf-beds    30  0  0 

Dredging  Shetland  76  0  0 

Steamship  Reports  Condensa- 
tion    100  0  0 

Electrical  Standards 100  0  0 

Ethyl  and  Methyl  Series 26  0  0 

Fossil  Crustacea   26  0  0 

Sound  under  Water  24  4  0 

North  Greenland  Fauna 75  0  0 

Do.                 Plant  Beds   100  0  0 

Iron  and  Steel  Manufacture...    25  0  0 

Patent  Laws    30  0  0 

£•1731)  4  0 


1869. 

'  Maintaining    the    Establish- 
ment at  Kew  Observatory'.  •  600 

i  Lunar  Committee 60 

Metrical  Committee 26 

Zoological  Record 100 

I  Comioittee  on  Gtases  in  Deep- 
well  Water 26 

British  Rainfall 60 

Thermal  Conductivity  of  Iron, 

]      &c 80 

I  Kent's  Hole  Explorations 160 

Steamship  Performances  30 

!  Chemical      Constitution     of 

Cast  Iron 80 

Iron  and  Steel  Manufacture     100 

Methyl  Series 30 

Organic    Remains  in    Lime- 

stoneRocks 10 

Earthquakes  in  Scotland 10 

British  Fossil  Corals    50 

Bagshot  Leaf-beds    80 

Fossil  Flora   25 

Tidal  Observations   100 

Underground  Temperature...    30 
Spectroscopic   Investigations 

of  Animal  Substances  6 

Organic  Acids 12 

Kiltorcan  Fossils  by  LaQO-Q  li20 


0 
0 
0 
0 

0 
O 

0 
0 
0 

0 
0 
0 

0 

o 

0 
0 
0 
0 
0 


0  0 
0  0 
0    0 
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Chemical  Gonstitotion  and 
Pbjrsiological  Action  Rela- 
tions      16 

Mountain  Limestone  Fossils  26 

Utilisation  of  Sewage 10 

Products  of  Digestion 10 


d.\  £  t.  d, 

I  Fossil   Ck>ral    Sections,    for 

!      Photographing  20  0  0 

0     Bagshot  Leaf -beds    20  0  0 

0  I  Moab  Explorations  100  0  0 

0  I  Gaussian  Constants 40  0  0 

0  ,  

—  I  £UU  2  6 


1870, 
Maintaining    the    Establish- 
ment at  Kew  Observatory  6oO  0    0 

Metrical  Committee 26  0    0 

Zoological  Becord 100  0    0 

Committee  on  Blarine  Fauna  20  0    0 

Ears  in  Fishes  10  0    0 

Chemical    Nature    of    C^t 

Iron 80  0    0 

Luminous  Meteors    30  0    0 

Heat  in  the  Blood 16  0    0 

British  Rainfall 100  0    0 

Thermal     Conductivity      of 

Iron,  &C. 20  0 

British  Fossil  Corals 60  0 

Kent's  Hole  Explorations    ...  160  0 

Scottish  Earthquakes  4  0 

Bagshot  Leaf-beds    16  0 

Fossil  Flora 26  0 

Tidal  Observations  100  0 

Underground  Temperature...  60  0 

Riltorcan  Quarries  Fossils  ...  20  0 

Mountain  Limestone  Fossils  86  0 

Utilisation  of  Sewage 60  0 

Organic  Chemical  Compounds  30  0 

Onny  River  Sediment 3  0 

Mechanical     Equivalent    of 

Heat 60  0    0 

;ei572~0~0 


1871. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    600  0  0 
Mcmthly  Reports  of  Progress 

in  Chemistry 100  0  0 

Metrical  Committee 26  0  0 

Zoological  Record 100  0  0 

Thermal  Equivalents  of  the 

Oxides  of  Chlorine  10  0  0 

Tidal  Obsen'ations   100  0  0 

Fossil  Flora   26  0  0 

Luminous  Meteors    30  0  0 

British  Fo8£il  Corals    26  0  0 

Heai  in  the  Blood 7  2  6 

British  Rainfall. 60  0  0 

Kent's  Hole  Explorations  ...  160  0  0 

Fossil  Cni3taoea    26  0  P 

Methyl  Compounds  26  0  0 

{^tuiaf  Objects  20  p  (| 


1872. 
Maintaining   the    Establish- 
ment at  Kew  Observatory  300  0  0 

Metrical  Committee 76  0  0 

Zoological  Record 100  0  0 

Tidal  Committee  200  0  0 

Carboniferous  Corals   26  0  0 

Organic  Chemical  Compounds  26  0  0 

Explorationof  Moab 100  0  0 

Terato-embryologiciJ    Inqui- 
ries    10  0  0 

Kent's  Cavern  Exploration..  100  0  0 

Luminous  Meteors 20  0  0 

Heat  in  the  Blood 15  0  0 

Fossil  Crustacea   25  0  0 

Fossil  Elephants  of  Malta  ...  25  0  0 

Lunar  Objects   20  0  0 

Inverse  Wave-lengths 20  0  0 

British  Rainfall 100  0  0 

Poisonous  Substances  Anta- 
gonism   10  0  0 

Essential  Oils,  Chemical  Con- 
stitution, &c 40  0  0 

Mathematical  Tables   50  0  0 

Thermal  Conductivity  of  Me- 
tals    25  0  0 

jei2g5  0  0 


1873. 

Zoological  Record 100  0  0 

Chemistry  Record 200  0  0 

Tidal  Committee  400  0  0 

Sewage  Committee  100  0  0 

Kent's  Cavern  Exploration...  150  0  0 

Carboniferoi:i3  Corals    25  0  0 

Fossil  Elephants  25  0  0 

Wave-lengths-   160  0  0 

British  Rainfall ,.,.  100  0  0 

Essential  Oils 30  0  0 

Mathematical  Tables   100  0  0 

Gaussian  Constants  10  0  0 

Sub-Wealden  Explorations...  25  0  0 

Underground  Temperature...  150  0  0 

Settle  Cave  Exploration  50  0  0 

Fossil  Flora,  Ireland 20  0  0 

Timber  Denudation  and  Rain- 
fall    20  0  0 

Luminous  Meteors..... 30  0  0 

£1685  0  0 


Digitized  by  CjOOQIC 
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1874. 

£ 

Zoological  llecord 100 

Chemistry  i;ecord 100 

Mathematical  Tables    100 

Elliptic  Functions 100 

Lightning  Conductors 10 

Thermal      Conductivity      of 

Rocks  10 

Anthropological  Instructions    50 
Kent's  Cavern  Exploration...  150 

Luminous  Meteors    30 

Intestinal  Secretions    15 

British  Rainfall 100 

Essential  Oils 10 

Sub- Wealdcn  Explorations...     25 

Settle  Cave  Exploration 50 

Mauritius  Meteorology    100 

Majnietisation  of  Iron 20 

Marine  Organisms .SO 

Fossils,  North- West  of  Scot- 
land        2 

Physiological  Action  of  Light    20 

Trades  Unions   25 

Mountain  Limestone-corals       25 

Erratic  Blocks   10 

Dredging,  Durham  and  York- 
shire Coasts    28 

High  Temperature  of  Bodies      30 

S iemens*s  Pyrometer    3 

Labyrinthodonts     of     Coal- 
measures 7 


0  0 

0  0 

0  0 

0  0 

0  0 


0  0  I 

0  0  I 

0  0 

0  0  ! 

0  0 

0  0  I 

0  0 

10  0 

0  0  1 

0  0  , 

0  0 

0  0 

5  0  I 

0  0  i 

6  0  I 

15  0 
£1151   10^  ' 

1876.  '  I 

Elliptic  Functions    100    0  0 

Magnetisation  of  Iron 20    0  0  i 

British  Rainfall 120    0  0  , 

Luminous  Meteors    20    0  0 

Chemistry  Record 100    0  0  i 

Specific  Volume  of  Liquids...     25    0  0 
Estimation    of    Potash    and                      ' 

PhosphoricAcid 10    0  0  I 

Isometric  Crosols  20    0  0  ' 

Sub-Wcalden  Expk>mtions...  100    0  0 

Kent's  Cavern  Exploration...  100    0  0 

Settle  Cave  Exploration 60    0  0  | 

Earthquakes  in  Scotland 16    0  0 

Underground  Waters    10    0  0  j 

Development    of     Myxinoid 

Fishes 20    0  0 

Zoological  Record 100    0  0 

Instructions  for  Travellers  ...    20    0  0 

Intestinal  Secretions    20    0  0 

Palestine  Exploration 100    0  0 

£960    0  0 


£  s.  d. 

Isomeric  Creaols    10  0  0 

Action  of  Ethyl  Bromobuty- 

rate   on   EthyJ    Sodaceto- 

acetate 6  0  0 

Estimation    of     Potash   and 

PhosphoricAcid 13  0  0 

Exploration  of  Victoria  Cave  100  0  0 

Geological  Record 100  0  0 

Kent's  Cavern  Exploration...  100  0  0 
Thermal     Conductivities    of 

Rocks  10  0  0 

Underground  Waters   10  0  0 

Earthquakes  in  Scotland 1  10  0 

Zoological  Record 100  0  0 

Close  Time 5  0  0 

Physiological       Action       of 

Sound 25  0  0 

Naples  Zoological  Station  ...    75  0  0 

Intestinal  Secretions    15  0  0 

Physical  Characters  of  Inha- 
bitants of  British  Isles 13  15  0 

Measuring  Speed  of  Shipa  ...  10  0  0 
Effect  of  Propeller  on  turning 

of  Steam-vessels   ^.^^_9 

£1092  4  2 


1876. 

Printing  Mathematical  Tables  159    4  2 

British  Rainfall 100    0  0 

Ohm's  Law 9  15  0 

Tide  Calculating  Macliine  ...  200    0  0 

Specific  Volume  of  Liquids...     25    0  P 


1877. 
Liquid    Carbonic    Acid     in 

Minerals 20    0    0 

Elliptic  Functions    250    0    0 

Thermal      Conductivity     of 

Rocks  9  11     7 

Zoological  Record 100    0    0 

Kent's  Cavern    100    0    0 

Zoological  Station  at  Naples    75    0    0 

Luminous  Meteors    30    0    0 

Elasticity  of  Wires  100    0    0 

Dipterocarpeae,  Report  on   ...     20    0    U 
Mechanical      Equivalent    of 

Heat 35    0    0 

Double  Compounds  of  Cobalt 

and  Nickel 8    0    0 

Underground  Temperature...     60    0    0 

Settle  Cave  Exploration 100    0    0 

Underground  Waters  in  New 

Red  Sandstone  10    0    0 

Action  of  Ethyl  Bromobuty- 

rate  on    Eth>l    Sodaceto- 

acotate    10    0    0 

British  Earthworks  26    0    0 

Atmospheric    Electricity    in 

India   16    0    0 

Development  of  Light  from 

Coal-gas 20    0    0 

Estimation    of    Potash    and 

PhosphoricAcid 1  18    0 

Geological  Record 100    0    0 

Anthropometric  Committee        34    0    0 
Physiological  Action  of  Phos- 
phoric Acid,  &c »     15    0    0 

£1128    9    7 
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1878. 

i,    ».  d. 

Exploration  of  Settle  Caves     100    0    0 

Geological  Record 100    0    0 

Investigation  of  Poise  Pheno- 
mena bj  means  of  Siphon 
Recorder 10    0    0 

Zoological  Station  at  Naples      75    0    0 

Investigation  of  Underground 
Waters 15    0    0 

Transmission  of  Electrical 
Impulses  through  Nerve 
Structore 30    0    0 

Calculation  of  Factor  Table 
for  4th  Million 100    0    0 

Anthropometric  Committee...    66    0    0 

Composition  and  Structure  of 
leas -known  Alkaloids  26    0    0 

Exploration  of  Kent's  Cavern    50    0    0 

Zoological  Record 100    0    0 

Fermanagh  Caves  Explora- 
tion      15    0    0 

Thermal      Conductivity      of 

Hocks  4  16    6 

Luminous  Meteors 10    0    0 

Ancient  Earthworks 25    0    0 

£725  16    6 


1879. 

Table  at  the  Zoological 
Station,  Naples 75    0    0 

Miocene  Flora  of  the  Ba^t 
of  the  North  of  Ireland    ...    20    0    0 

lUustrations  for  a  Monograph 
on  the  Mammoth  17    0    0 

Record  of  Zoological  Litera- 
ture    100    0    0 

Composition  and  Structure  of 
less-known  Alkaloids    25    0    0 

Exploration  of  Caves  in 
Borneo     50    0    0 

Kent's  Cavern  Exploration...  100    0    0 

Record  of  the  Progress  of 
Geology  100    0    0 

Fermanagh  Caves  Exploration      5    0    0 

Electrolysis  of  Metallic  Solu- 
tions and  Solutions  of 
Compound  Salts 25    0    0 

Anthropometric  Committee...     50    0    0 

Natural  History  of  Socotra ...  100    0    0 

Calculation  of  Factor  Tables 
lot  5tb  and  6th  Millions  ...  150    0    0 

Underground  Waters 10    0    0 

Steerii^  of  Screw  Steamers...     10    0    0 

Improvttnents  in  Astrono- 
mical Clocks  30    0    0 

Marine  Zoology  of  South 
Devon 20    0    0 

Determination  of  Mechuiical 
Ecpjivalewt  of  Hpat 1215    e 


£    ».  d. 

^>eoific  Inductive  Ci^tacity 
of  Sprengel  Vacuum 40    0    0 

Tables  of  Sun-heat  Co- 
efficients     SO    0    0 

Datum  Level  of  the  Ordnance 
Survey 10    0    0 

Tables  of  Fundamental  In- 
variants of  Algebraic  Forms    36  14    9 

Atmospheric  Electricity  Ob- 
servations in  Madeira  15    0    0 

Instrument     for     Detecting 

Fire-damp  in  Mines 22    0    0 

Instruments    for    Measuring 

the  Speed  of  Ships    17     1     8 

Tidal    Observatioas    in    the 

English  Channel   10    0    0 

£1080  11  11 


1880. 

New  Form  of  High  Insulation 
Key 10    0    0 

Underground  Temperature ...     10    0    0 

Determination  of  the  Me- 
chanical Equivalent  of 
Heat    8    5    0 

Elasticity  of  Wires  50    0    0 

Luminous  Meteors    80    0    0 

Lunar  Disturbance  of  Gravity    30    0    0 

Fundamental  Invariants 8    5    0 

Laws  of  Water  Friction 20    0    0 

Specific  Inductive  Capacity 
of  Sprengel  Vacuum 20    0    0 

Completion  of  Tables  of  Sun- 
heat  Coefficients    50    0    0. 

Instrument  for  Detection  of 
Fire-damp  in  Mines 10    0    0 

Inductive  Capacity  of  Crystals 
and  Paraffines    4  17    7 

Report  on  Carboniferous 
Polyzoa  10    0    0 

Caves  of  South  Ireland    10    0    0 

Viviparous  Nature  of  Ichthyo- 
saurus       10    0    0 

Kent^s  Cavern  Exploration...     50    0    0 

Geological  Record 100    0    0 

Miocene  Flora  of  the  Basalt 
of  North  Ireland   16    0    0 

Underground  Waters  of  Per- 
mian Formations  5    0    0 

Record  of  Zoological  Litera- 
ture   100    0    0 

Table  at  Zoological  Station 
at  Naples    75    0    0 

Investigation  of  the  Geology 
and  Zoology  of  Mexico 50    0    0 

Anthropometry 50    0    0 

Patent  Laws  „.,.,..,.., 5    0    0 

ijSl    7     7 
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1881. 

Lunar  Disturbance  of  Gravity  30  0  0 

Underground  Temperature...  20  0  0 

Electrical  Standards 25  0  0 

High  Insulation  Key 6  0  0 

Tidal  Observations   10  0  0 

Specific  Refractions  7  3  1 

Fossil  Polyzoa    10  0  0 

Underground  Waters    10  0  0 

Earthquakes  in  Japan 25  0  0 

Tertiary  Flora   20  0  0 

Scottish  Zoological  Station  ...  50  0  0 

Naples  Zoological  Station    ...  75  0  0 

Natural  History  of  Socotra  ...  50  0  0 
AnthropologiciJ    Notes    and 

Queries    9 

Zoological  Record 100 

Weights     and     Heights    of 

Human  Beings  30 

£476  3  1 


0    0 
0    0 

0    0 


1882. 
Exploration  of  Central  Africa  100 
Fundamental    Invariants    of 

Algebraical  Forms    76 

Standards      for      Electrical 

Measurements 100 

Calibration  of  Mercurial  Ther- 
mometers        20 

Wave-length  Tables  of  Spec- 
tra of  Elements 50 

Photographing      Ultra-violet 

Spark  Spectra    25 

Geological  Record 100 

Earthquake    Phenomena    of 

Japan 25 

Conversion    of    Sedimentary 
Materials  into  Metamorphic 

Rocks  10 

Fossil  Plants  of  Halifax 15 

Geological  Map  of  Europe  ...  25 
Circulation  of  Underground 

Waters 15 

Tertiary  Flora  of  North  of 

Ireland    20 

British  Pol3'zoa 10 

Exploration  of  Caves  of  South 

of  Ireland  10 

Exploration  of  Rayglll  Fissure  20 
Naples  Zoological  Station  ...  80 
Albuminoid     Substances    of 

Serum 10 

Elimination  of  Nitrogen  by 

Bodily  Exercise 50 

Migration  of  Birds   15 

Natural  History  of  Socotra...  100 
Natural  History  of  Tlmor-lant  100 
Ritcord  of  Zoological  Litera- 
ture    100 

A  iithropometric  Committee. . .     60 
£U26 


0  0 

1  11 

0    0 

0    0 

0    0 

0    0 
0    0 

0    0 


.0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 
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1888. 

£    s.  d. 

Meteorological    Observations 
on  Ben  Nevis 50    0    0 

Isomeric  Naphthalene   Deri- 
vatives      15    0    0 

Earthquake    Phenomena    of 
Japan  50    0    0 

Fossil  Plants  of  Halifax 20    0    0 

British  Fossil  Polyzoa 10    0    0 

Fossil  Phyllopoda  of  Palaeo- 
zoic Rocks  25    0    0 

Erosion  of  Sea-coast  of  Eng- 
land and  Wales 10    0    0 

Circulation  of   Underground 
Waters 15    0    0 

Geological  Record 50    0    0 

Exploration  of  Caves  in  South 
of  Ireland  10    0    0 

Zoological  Literature  Record  100    0    0 

Migration  of  Birds   20    0    0 

Zoological  Station  at  Naples    80    0    0 

Scottish  Zoological  Station...     25    0    0 

Elimination  of   Nitrogen  by 

Bodily  Exercise 38    3    3 

Exploration  of  Mount  Kili- 
ma-njaro 500    0    0 

Investigation    of     Loughton 

Camp  10    0    0 

Natural  History  of  Timor-laut    50    0    0 

Screw  Gauges 5    0    0 

£1083     3    3 


1884. 
Meteorological    Observations 

on  Ben  Nevis 50 

Collecting  and  Investigating 

Meteoric  Dust 20 

Meteorological  Observatory  at 

Chepstow *,..  25 

Tidal  Observations 10 

Ultra  Violet  Spark  Spectra  ...  8 
Earthquake     Phenomena     of 

Japan   75 

Fossil  Plants  of  Halifax  15 

Fossil  Polyzoa 10 

Erratic  Blocks  of  England  ...  10 
Fossil  Phyllopoda  of  Palaeo- 
zoic Rocks  15 

Circulation   of    Undergrountl 

Waters 5 

International  Geological  Map  20 
Bibliography    of    Groups    of 

[nvertebrata   50 

Natural  History  of  Timor-laut  .M) 

Naples  Zoological  Station    ...  80 
Exploration   of  Mount  Kili- 

ma-njaro,  East  Africa  600 

Migration  of  Birds 20 

Coagulation  of  Blood 100 

Zoological  Literature  Record  100 

Anthropometric  Committee...  10 
^173" 
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1885. 

£    «.  d. 

S}naoptic  Chart  of  Indian 
Ocean  60    0    0 

Redaction  of  Tidal  Observa- 
tions      10    0    0 

Calculating  Tables  in  Theory 
of  Numbers 100    0    0 

Meteorological  Observations 
on  Ben  Nevis 50    0    0 

Meteoric  Dust    70    0    0 

Vapour  Pressures,  &c.,  of  Salt 
Solutions 25    0    0 

Physical  Constants  of  Solu- 
tions     20    0    0 

Toleanic  Phenomena  of  Vesu- 
vius      25    0    0 

Baygill  Fissure  16    0    0 

Earthquake  Phenomena  of 
Japan  70    0    0 

Fossil  Phyllopodaof  Paleozoic 
Rocks  25    0    0 

Fossil  Plants  of  British  Ter- 
tiary and  Becondaiy  Beds...    60    0    0 

Geological  Record 60    0    0 

Circulation  of  Underground 
Waters 10    0    0 

Naples  Zoological  Station    ...  100    0    0 

Zoological  Literature  Record.  100    0    0 

Migr^n  of  Birds    30    0    0 

Exploration  of  Mount  Kilima- 
njaro        25    0    0 

Recent  Polyzoa 10    0    0 

Granton  Biological  Station  ...  100    0    0 

Biological  Stations  on  Coasts 
of  United  Kingdom  150    0    0 

Exploration  of  New  Guinea...  200    0    0 

Exploration  of  Mount  Roraima  100    0    0 

jei385~0~^ 


d. 
0 
0 
0 


1886. 

Electrinal  Standards 40  0  0 

Solar  Poidiation 9  10  6 

Tidal  Observations    60  0  0 

Magnetic  Observations 10  10  0 

Obiervations  on  Ben  Nevis ...  100  0  0 
Physical  und  Chemical  Bear- 
ings of  Electrolysis   20  0  0 

Chemical  Nomenclature   5  0  0 

Foaail  Plants  of  British  Ter- 
tiary and  Secondary  Beds...  20  0  0 

Ca?es  in  North  Wales  25  0  0 

Volcanic  Phenomena  of  Vesu- 
vius    .30  0  0 

Geological  Record 100  0  0 

Palaeozoic  Phyllopoda  15  0  0 

Zoological  Literature  Record .  100  0  0 

Oraoton  Biological  Station ...  75  0  0 

Naples  Zoological  Station 60  0  0 

Besearches  in  Food- Fishes  and 

IHvertebr^taat3t.4ndr^T7S  75  0  0 


,  Migration  of  Birds  SO  0 

'  Secretion  of  Urine 10  0 

.  Exploration  of  New  Guinea...  160  0 
Regulation  of  Wages   under 

Sliding  Scales    10  0    0 

Prehistoric   Race    in    Greek 

Islands 20  0    0 

North- Western  Tribes  of  Ca- 
nada   50  0    0 


£995    0    6 


1887. 

Solar  Radiation 18  10  0 

Electrolysis 30  0  0 

Ben  Nevis  Observatory 75  0  0 

Standards    of    Light    (1886 

grant) 20  0  0 

Standards    of     Light    (1887 

grant) 10  0  0 

Harmonic  Analysis  of  Tidal 

Observations 16  0  0 

Magnetic  Observations 26  2  0 

Electrical  Standards 50  0  0 

Silent  Discharge  of  Electricity  20  0  0 

Absorption  Spectra   40  0  0 

Nature  of  Solution    20  0  0 

Influence  of  Silicon  on  Steel  80  0  0 
Volcanic  Phenomena  of  Vesu- 
vius    20  0  0 

Volcanic  Phenomena  of  Japan 

(1886  grant)  50  0  0 

Volcanic  Phenomena  of  Japan 

(1887  grant)  50  0  0 

Cae  Gwyn  Cave,  N.  Wales  ...  20  0  0 

Erratic  Blocks    10  0  0 

Fossil  Phyllopoda 20  0  0 

Coal  Plants  of  Halifax 25  0  0 

Microscopic  Structure  of  the 

Rocks  of  Anglesey 10  0  0 

Exploration  of    the    Eocene 

Bedsof  the  Isle  of  Wight...  20  0  0 

Underground  Waters    5  0  0 

•Manure 'Gravels  of  Wexford  10  0  0 

Provincial   Museums  Reports  5  0  0 

Ljrmphatic  System    25  0  0 

Naples  Biological  Station    ...  100  0  0 

Plymouth  Biological  Station  50  0  0 

Granton  Biological  Station ...  75  0  0 

Zoological  Record 100  0  0 

Flora  of  China  75  0  0 

Flora    and    Fauna    of     the 

Cameroons 75  0  0 

Migration  of  Birds    30  0  0 

Barhy-hypsographical  Map  of 

British  Isles   7  6  0 

Regulation  of  Wages    10  0  0 

Prehistoric    Race    of    Greek 

Islands 20  0  0 

Racial  Photographs,  Egyptian  20  0  0 

jeil86  18  0 
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1888. 

Ben  Nevis  Observatory 150  0  0 

Blectrical  Standards 2  6  4 

Magnetic  Observations 15  0  0 

Standards  of  Light   79  2  3 

Electrolysis    30  0  0 

Uniform     Nomenclature     in 

Mechanics  10  0  0 

Silent    Discharge    of    Elec- 
tricity    9  11  10 

Properties  of  Solutions     26  0  0 

Influence  of  Silicon  on  Steel  20  0  0 
Methods  of  Teaching  Chemis- 
try      10  0  0 

Isomeric  Naohthalene  Deriva- 
tives  * 25  0  0 

Action  of  Light  on  Hydracids  20  0  0 

Sea  Beach  near  Bridlington...  20  0  0 

Geological  Record 50  0  0 

Manure  Gravels  of  Wexford...  10  0  0 

Erosion  of  Sea  Coasts  10  0  0 

Underground  Waters    5  0  0 

Palaeontographical  Society  ...  60  0  0 
Pliocene  Fauna  of  St.  Erth...  60  0  0 
Carboniferous  Flora  of  Lan- 
cashire and  West  Yorkshire  25  0  0 
Volcanic  Phenomena  of  Vesu- 
vius    20  0  0 

Zoology  and  Botany  of  West 

Indies 100  0  0 

Flora  of  Bahamas 100  0  0 

Development  of  Fishes— St. 

Andrews 50  0  0 

Marine  Laboratory,  Plymouth  100  0  0 

Migration  of  Birds    30  0  0 

Flora  of  China  75  0  0 

Naples  Zoological  Station    ...  100  0  0 

Lymphatic  System    ,..  25  0  0 

Biological  Station  at  Granton  50  0  0 

Peradeniya  Botanical  Station  50  0  0 

Development  of  Teleostei    ...  15  0  0 
Depth  of  Frozen  Soil  in  Polar 

lUjgions  5  0  0 

PreciousMetals  in  Circulation  20  0  0 
Value  of  Monetary  Standard  10  0  0 
Effect  of  Occupations  on  Phy- 
sical Development 25  0  0 

North- Western      Tribes     of 

Canada    100  0  0 

Prehistoric    Race    in    Greek 

Islands 20  0  0 

£1511  0  5 


1889. 

Ben  Nevis  ObscnTvtxDry 50  0  0 

Electrical  Standards 75  0  0 

Electrolysis 20  0  0 

Surface  Water  Temperature...  30  0  0 
Silent  Discharge  of  Electricity 

QnOxyg:en , 6^8 


£  #.  d. 

Methods  of  teaching  Chemis- 
try         10  0  0 

Action  of  Light  on  Hydracids    10  0  0 

Geological  Record 80  0  0 

Volcanic  Phenomena  of  Japan    26  0  0 
Volcanic  Phenomena  of  Vesu- 
vius     20  0  0 

Paleozoic  Phyllopoda  20  0  0 

Higher  Eocene  Beds  of  Isle  of 

Wight 16  0  0 

West  Indian  Explorations   ...  100  0  0 

Flora  of  China  26  O  0 

Naples  Zoological  Station    ...  100  0  0 
Physiology     of     Lymphatic 

System    ...*.....* 26  0  0 

Experiments  with  a  Tow-net      6  16  3 
Natural  History  of  Friendly 

Islands 100  0  0 

Geology  and    Gepgraphy    of 

Athis  Range    100  0  0 

Action  of  Waves  and  Currents 

in  Estuaries    100  0  0 

North-Westem      Tribes      of 

Canada    150  0  0 

Nomad  Tribes  of  Asia  Minor    30  0  0 

Corresponding  Societies  20  0  0 

Marine  Biological  Association  200  0  0 

«  Baths  Committee,'  Bath 100  0  0 

£1417  0  ll 


1890. 

Electrical  Standards 12  17    0 

Electrolysis    6    0    0 

Electro-optics 50    0    0 

Mathematical  Tables    25    0     0 

Volcanic    and    Seismological 

Phenomena  of  Japan    75    0    0 

Pellian  Equation  Tables  15    0     0 

Properties  of  Solutions    10    0     0 

International  Standard  for  the 

Analysis  of  Iron  and  Steel  10    0    0 
Influence  of  the  Silent  Dis- 
charge   of    Electricity  on 

Oxygen   5    0    0 

Methods  of  teaohingChemistry  10    0    0 
Recording  Results  of  Water 

Analysis  4     10 

Oxidation    of    Hydracids    in 

Sunlight 15    0    0 

Volcanic  Phenomena  of  Vesu- 
vius   20    0    O 

Palaeozoic  Phy llopoda  10    0    0 

Circulation  of    Underground 

Waters 5    0    0 

Excavations  at  Oldbury  Hill  15    0    0 

Cretaceous  Polyzoa  10    0    0 

Geological  Phot-ographs  7  14  11 

Lias  Beds  of  Northampton  ...  26    0    0 
Botanical  Station  at  Perade- 
niya  , 26    0    0 
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£  9. 

Experiments    with    a    Tow- 

D^  4  3 

Naples  Zoological  Station    ...  100  0 
Zoology  and  Botany  of  the 

Wert  India  Islands  100  0 

Marine  Biological  Association    30  0 
Action  of  Waves  and  Currents 

in  Estuaries    150  0 

Graphic  Methods  in  Mechani- 
cal Science 11  0 

Anthropometric  Calculations      5  0 

Nomad  Tribes  of  Asia  Minor    25  0 

Corresponding  Societies  20  0 

i71»9  16 


1891. 

Ben  Nevis  Observatory 50    0 

Electrical  Standards 100    0 

Electrolysis 5    0 

S^Umological  Phenomena  of 

Japan  10    0 

Temperatures  of  Lakas 20    0 

Photographs  of  Meteorological 

Pbenoraena 5    0 

Discharge  of  Electricity  from 

Points 10    0 

Ultra  Violet   Rays   of  Solar 

Spectrum     50    0 

International     Standard    for 

Analysis  of  Iron  and  Steel...     10    0 
Isomeric  Naphthalene  Deriva- 
tives     25    0 

Formation  of  Haloids   25    0 

Action  of  Light  on  Dyes 17  10 

Geological  Kccord 100    0 

Volcanic  Phenomena  of  Vesu- 
vius      10    0 

?oesil  Phyllopoda 10    0 

Photographs     of    Geological 

Interest    9     5 

lias  of  Northamptonshire    ...     25    0 
Kegistration    of    Type-Speci- 
mens of  British  Fossils 5     5 

Investigation  of  Elboltx)n  Cave  25  0 
Botanical    Station    at    Pera- 

deniya 50    0 

Experiments  with  a  Tow-net  40  0 
Marine  Biological  Association  12  10 
Duc^>pearance      of      Native 

Plants 5    0 

Action  of  Waves  and  Currents 

inEstuanes    125    0 

Anthropometric  Calculations      10    0 
New  Edition   of  'Anthropo- 
logical Notes  and  Queries  *    50    0 
North  -  Western     Tribes    of 

Canada    200    0 

G0rrespon4iPg  Socfeti'^s  25    0 

iU)29  To" 


0 
0  ; 

0  I 

0l 

0  ' 
0  ! 

0  I 

0 

0 

0  I 
0 

0 
0 


1892. 

£  «.  d. 

Observations  on  Ben  Nevis  ...  50  0  0 
Photographs  of  Meteorological 

Phenomena 15  0  0 

Pellian  Equation  Tables 10  0  0 

Discharge  of  Electricity  from 

Point* 50  0  0 

Seismological  Phenomena  of 

Japan  10  0  0 

Formation  of  Haloids  12  0  0 

Properties  of  Solutions    10  0  0 

Action    of    Light    on    Dyed 

Colours    10  0  0 

Erratic  Blocks    15  0  0 

Photographs    of     Geological 

Interest   20  0  0 

Underground  Waters    10  0  0 

Investigation      of      Elbolton 

Cave 25  0  0 

Excavations  at  Oldbury  Hill  10  0  0 

Cretaceous  Polyzoa   10  0  0 

Naples  Zoological  Station    ...100  0  0 

Marine  Biological  Association  17  10  0 

Deep-sea  Tow-net 40  0  0 

Fauna  of  Sandwich  Islands...  100  0  0 
Zoology  and  Botany  of  West 

India  I.slands 100  0  0 

Climatology  and  Hydrography 

of  Tropical  Africa 50  0  0 

Anthropometric  Laboratory...  5  0  0 
Anthropological    Notes    and 

Queries    20  0  0 

Prehistoric  Remains  in  Ma- 

shonaland 60  0  0 

North  -  Western     Tribes     of 

Canada    100  0  0 

Corresponding  Societies  25  0  0 

£804  10  0 


1893. 


Electrical  Standards 25  0  0 

Observations  on  Ben  Nevis  ...  150  0  0 

Mathematical  Tables   15  0  0 

Intensity  of  Solar  Radiation      2  8  6 

Magnetic  Work   at  the  Fal- 
mouth Observatory   25  0  0 

Isomeric  Naphthalene    Deri- 
vatives      20  0  0 

'  Erratic  Blocks   10  0  0 

I  Fossil  Phyllopoda 5  0  0 

Underground  Waters   5  0  0 

Shell-bearing      Deposits     at 

Clava.  Chapelhall,  &c 20  0  0 

Eurypterids  of  the  Pentland 

Hflls 10  0  0 

Naples  Zoological  Station    ...  100  0  Q 

I  Marine  Biological  Association    30  0  0 

Fauna  of   Sandwich   Islands  100  0  0 

Zoology  and  Botany  of  West 

India  Islands 50  0  Q 

Digitized  by  VjOOQIC 
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£  ». 

Exploration  of  Irish  8ea 30  0 

Physiological       Action       of 

Oxygen  in  Asphyxia 20  0 

Index  of  Genera  and  Species 

of  Animals 20  0 

Exploration    of    Karakoiam 

Mountains 60  0 

Scottish  Place-names  7  0 

Climatology      and      Hydro- 
graphy of  Tropical  Africa    50  0 

Economic  Training  3  7 

Anthropometric     Laboratory      5  0 

Exploration  in  Abyssinia 25  0 

North-Westem      Tribes     of 

Canada    100  0 

Corresponding  Societies  30  0 

£907  15 


1894. 

Electrical  Standards 25    0    0 

Photographs  of  Meteorological 
Phenomena 10    0    0 

Tables  of  Mathematical  Func- 
tions         15    0    0 

Intensity  of  Solar  Radiation      6    5    6 

Wave-length  Tables 10    0    0 

Action  of  Light  upon  Dyed 

Colours    6    0    0 

Erratic  Blocks   16    0    0 

Fossil  Phyllopoda 6    0    0 

Shell  -  bearing  Deposits  at 
Clava,  &c 20    0    0 

Eurypterids  of  the  Pentland 
Hills 6.   0    0 

New  Sections  of  Stonesfield 
Slate    ^ 14    0    0 

Observations  on  Karth-tre- 
mors    50    0    0 

Exploration  of  Calf  -  Hole 
Cave 5    0    0 

Naples  Zoological  Station   ...  100    0    0 

Marine  Biological  Association      5    0    0 

Zoology    of    the    Sandwich 

Islands    100    0    0 

Zoology  of  the  Irish  Sea 40    0    0 

Structure  and  Function  of  the 

Mammalian  Heart 10    0    0 

Exploration  in  Abyssinia    ...     30    0    0 

Economic  Training 9  10    0 

Anthropometric     Laboratory 

Statistics 5    0    0 

Ethnographical  Survey    10    0    0 

The  Lake  Village  at  Glaston- 
bury      40    0    0 

Anthropometrical  Measure- 
ments in  Schools 6    0    0 

Mental  and  Physical  Condi- 
tion of  Children 20    0    0. 

Cprrpspopding  Societies 26    0    0 

je583  15     6 


1895. 

£    «.  d. 

Electrical  Standards 26    0    0 

Photographs  of  Meteorological 
Phenomena 10    0    0 

Earth  Tremors  76    0    0 

Abstracts  of  Physical  Papers  100    0    0 

Redaction  of  Magnetic  Obser- 
vations made  at  Falmouth 
Observatory    50    0    0 

Comparison  of  Magnetic  Stan- 
dards      26    0    0 

Meteorological  Observations 
on  Ben  Ne\'is 50    0    0 

Wave-length  Tables  of  the 
Spectra  of  the  Elements  ...     10    0    0 

Action  of  Light  upon  Dyed 
Colours    4    6    1 

Formation  of  Haloids  from 
Pure  Materials  20    0    0 

Isomeric  Naphthalene  Deri- 
vatives     30    0    0 

Electrolytic  Quantitative  An- 
alysis      .SO    0    0 

Erratic  Blocks   10    0    0 

Pabeosoie  Phyllopoda 5    0    0 

Photographs  of  Geological  In- 
terest      10    0    0 

Shell-bearing  Deposits  at 
Clava,&c 10    0    0 

Eurypterids  of  the  Pentland 
Hills 3    0    0 

New  Sections  of  Stonesfield 

Slate 50    0    0 

Exploration  of  Calf  Hole  Cave    10    0    0 

Nature  and  Probable  Age  of 

High-level  Flint-drifts 10    0    0 

Table  at  the  Zoological  Station 
at  Naples    100    0    0 

Table  at  the  Biological  Labo- 
ratory, Plymouth  15    0    0 

Zoology,  Botany,  and  Geology 
of  the  Irish  Sea 35    9     4 

Zoology  and  Botany  of   the 

West  India  Islands   50    0    0 

Index  of  Genera  and  Species 
of  Animals 50    0     0 

Climatologyof  Tropical  Africa      5    0    0 

Exploration  of  Hadramut    ...    50    0    0 

Calibration  and  Comparison  of 

Measuring  Instruments    ...    25    0    0 

Anthropometric  Measure- 
ments in  Schools  5    0     0 

Lake  Village  at  Glastonbury    30    0    0 

Exploration  of  a  Kitchen- 
midden  at  Hastings  10    0     0 

Ethnographical  Survey    10    0    0 

Physiological  Applications  of 
the  Phonograph 26    0    0 

Corresponding  Societies  30    0    0 

10977  15     6 
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1896. 

£    «.    A, 

^botogn^>b8  of  Mettorologi- 

cal  Phenomena 15    0    0 

Beismologieal  Observations...    80    0    0 
Abstracts  of  Physical  Papers  100    0    0 

Calculation  of  certain  Inte- 
grals      10    0    0 

Uniformity  of  Size  of  Pages  of 
Transactions,  &c 6    0    0 

Wave-length    Tables  of    the 

Spectra  of  the  Elements  ...     10    0    0 

Action  of  light  npon  Dyed 

Colonrs    2    6     1 

Electrolytic  Quantitative  Ana- 
lysis      10    0    0 

The  Carbohydrates  of  Barley 

Straw  50    0    0 

Beprinting  Discussion  on  the 
Relation  of  Agriculture  to 
Hcience    5    0    0 

Erratic  Blocks 10    0    0 

Fahcozoic  Phyllopoda 5    0    0 

Shell-bearing     Deposits     at 

Clava^Jcc    10    0    0 

Enrypterids  of  the  Pentland 

Hills 2    0    0 

Inrestigation  of  a  Coral  Reef 

by  Boring  and  Sounding  ...     10    0    0 

Examination  of  Locality  where 
the  Cetiosaums  in  the  Ox- 
ford Museum  was  found  ...     25    0    0 

Paleolithic  Deposits  at  Hoxne    25    0    0 

Fauna  of  Singapore  Caves  ...    40    0    0 

Age  and  Relation  of  Rocks 

near  Moreseat,  Aberdeen    .    10    0    0 

Table  at  the  Zoological  Sta- 
tion at  Naples    100    0    0 

Table  at  the  Biological  Labo- 
ratory, Plymouth  15    0    0 

Zoology,  Botany,  and  Oeology 

of  the  Irish  Sea 50    0    0 

Zoology  of  the  Sandwich  Is- 
lands      100    0    0 

African  Lake  Fauna 100    0    0 

Oysters    under    Normal  and 

Abnormal  Environment  ...    40    0    0 

Climatology  of  Tropical  Africa    10    0    0 

Calibration  and  Comparison  of 

Measuring  Instruments 20    0    0 

Small  Screw  Gauge  10    0    0 

North-Western      Tribes     of 

Canada    100    0    0 

Lake  Village  at  Glastonbury .    30    0    0 

Ethnographical  Survey 40    0    0 

Mental  and  Phyncal  Condi- 
tion of  Children 10    0    0 

Physiological  Applications  of 
the  Phonograph 25    0    0 

Corresponding  Societies  Com- 
mittee  _30    0    0 

£1.104    6     1 


1897. 

£    «.    4. 

Mathematical  Tables    26    0    0 

Seismological  Observations...  100    0    0 

Abstracts  of  Physical  Papers  100    0    0 

Calculation  of  certain  In- 
tegrals      10    0    0 

Electrolysis  and  Electro- 
chemistry         50    0    0 

Elect  rolytic  Quantitative  Ana- 
lysis      10    0    0 

Isomeric  Naphthalene  Deri- 
vatives      50    0    0 

Erratic  Blocks  10    0    0 

Photographs     of     Geological 

Interest  15    0    0 

Remains  of  the  Irish  Elk  in 

the  Isle  of  Man 15    0    0 

Table  at  the  Zoological  Sta- 
tion, Naples   100    0    0 

Table  at  the  Biological  La- 
boratory, Plymouth  9  10    8 

Zoological  Bibliography  and 

Publication 5    0    0 

Index  Generum  et  Spcoierum 

Animalium 100    0    0 

Zoology  and  Botany  of  the 
West  India  Islands  40    0    0 

The  Details  of  Observa- 
tions on  the  Migration  of 
Birds 40    0    0 

Climatology      of       Trofrfcal 

Africa 20    0    0 

Ethnographical  Survey 40    0    0 

Mental  and  Physical  Condi- 
tion of  Children 10    0    0 

Silchester  Excavation  20    0    0 

Investigation  of  Changes  as* 
sociated  with  the  Func- 
tional Activity  of  Nerve 
Cells  and  their  Peripheral 
Extensions 180    0    0 

Oysters  and  Typhoid    30    0    0 

Physiological  Applications  of 

the  Phonograph 15    0    0 

Physiological  Effects  of  Pep- 
tone and  its  Precursors 20    0    0 

Fertilisation  in  Phasophyceae    20    0    0 

Corresponding  Societies  Com- 
mittee      25    0    0 

£1,059  10~8 


1898. 

Electrical  Standards 75    0    0 

Seismological  Observations...     75    0    0 
Abstracts  of  Physical  Papers  100    0    0 
Calculation    of    certain    In- 
tegrals      10    0    0 

Electrolysis  and  Electro-chem- 
istry      .36    0    0 

Meteorological  Observatory  at 
Montreal 50_  0  .  0 
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£    8.    d. 
Wave-length    Tables  of   the 

Spectra  of  the  Elements  ...     20    0    0 
Action  of  Light  upon  Djed 

Colours    8    0     0 

Erratic  Blocks    6    0    0 

Investigation  of  a  Coral  Reef    40    0    0 
Photographs     of    Geological 

Interest  10    0    0 

Life-zones  in  British  Carbon- 
iferous Rocks 15    0    0 

Pleistocene  Fauna  and  Flora 

in  Canada 20    0    0 

Table  at  the  Zoological  Sta- 
tion, Naples    100    0    0 

Table  at  the  Biological   La- 
boratory, Plymouth  14    0    0 

Index  Generum  et  Specierum 

Animalium 100    0    0 

Healthy  and  Unhealthy  Oys- 
ters       30    0    0 

Climatology  of  Tropical  Africa     10    0    0 
State    Monopolies    in    other 

Countries    15    0    0 

Small  Screw  Gauge 20    0    0 

North -Western      Tribes     of 

Canada 75    0    0 

Lake  VillaRe  at  Glastonbury    37  10    0 

Silchester  Exca^-ation  7  10    0 

Ethnological  Survey  of  Canada    75    0    0 
Anthropology    and    Natural 

History  of  Torres  Straits...  126    0    0 

Investigation  of  Changes  asso-  : 

elated  with  the  Functional  ! 

Activity  of  Nerve  Cells  and  | 

their  Peripheral  Extensions  100    0    0 

Fertilisation  in  PhseophycesB    15    0    0  i 

Corresponding  Societies  Com-  • 

mittee 25    0    0  j 

£1,212    0~b  I 


1899. 

Electrical  Standards 225    0    0 

Seismological  Observations...    65  14    8 

Science  Abstracts 100    0    0 

Heat  of  Combination  of  Metals  | 

in  Alloys 20    0    0 

Radiation  in  a  Magnetic  Field    50    0    0  j 
Calculation    of    certain    In- 
tegrals      10    0    0 

Action  of  Light  upon  Dyed  | 

Colours   4  19    6 

Relation  between  Absorption 

Spectra  and  Constitution  of 

Organic  Substances  r>0    0    0  ! 

Erratic  Blocks 15    0    0  i 

Photographs    of     Geological 

Interest 10    0    0  , 

Remains  of  Irish  Elk  in  the 

Isle  of  Man 15    0    0 

Pleistocene  Flora  and  Fauna 

in  Canada  30    0    0  1 


£    s.    d. 

Records  of  Disappearing  Drift 
Section  at  Moel  Tryfaen  ...      5    0    0 

Ty  Newydd  Caves. 40    0     0 

Ossiferous  Caves  at  Uphill ...    30    0    0 
Table  at  the  Zoological  Sta- 
tion, Naples    100    0     0 

Table  at  the  Biological  La- 
boratory, Plymouth  20    0    0 

Index  Generum  et  Specierum 

Animalium 100    0    0 

Migration  of  Birds    15    0    0 

Apparatus  for  Keeping  Aqua- 
tic Organisms  under  Definite 

Physical  Conditions 15    0    0 

Plankton  and  Physical  Con- 
ditions of  the  English  Chan- 
nel during  1899 100    0    0 

Exploration  of  Sokotra    35    0    0 

Lake  Village  at  Glastonbury    50    0    0 

Silchester  Excavation  10    0    0 

EthnologicalSurvey  of  Canada    35    0    0 
New  Edition  of  *  Anthropolo- 
gical Notes  and  Queries'...     40    0    0 

Age  of  Stone  Circles 20    0    0 

Physiological  Effects  of  Pep- 
tone      30    0    0 

Electrical  Changes  accom- 
panying Discharge  of  Res- 
piratory Centres 20    0    0 

Influence  of  Drugs  upon  the 

Vascular  Nervous  System...     10    0    0 
Histological  Changes  in  Nerve 

Cells 20    0    0 

Micro-chemistry  of  Cells 40    0    0 

Histology  of  Suprarenal  Cap- 
sules         20    0    0 

Comparative     Histology     of 

Cerebral  Cortex 10    0    0 

Fertilisation  in  Phyasophyceae    20    0    0 

Assimilation  in  Plants 20    0    0 

Zoological  and  Botanical  Pub- 
lication           5    0    0 

Corresponding  Societies  Com- 
mittee     25    0    0 

£1,430  14    2 


1900. 

Electrical  Standards 25    0 

Seismological  Observations...  60  0 
Radiation  in  a  Magnetic  Field  25  0 
Meteorological  OlServatory  at 

Montreal 20    0 

Tables  of  Mathematical  Func- 
tions         75    0 

Relation  between  Absorption 
Spectra    and    Constitution 

of  Organic  Bodies 30    0 

Wave-length  Tables 5    0 

Electrolytic         Quantitative 

Analysis 5    0 

Digitized  by  LjOOQIC 
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£    t.    d. 
Isomorphotis  Sidphottic  Deri-  ] 

vatives  of  Benzene    20    0    0 

■nie  Nature  of  Alloys   30    0    0    , 

Photographs    of    Geological 

Interest  10    0    0 

Bemains  of  Elk  in  the  Isle  of 

Man 5    0    0 

Pleistocene  Fauna  and  Flora 

Id  Canada  10    0    0   , 

Vovements  of   Underground  ! 

Waters  of  Craven 40    0    0 

Table  at  the  Zoological  8ta- 

aon,  Naples   100    0    0 

Table  at  the  Biological  La- 
boratory, Plymouth 20    0    0 

Index  Generum  et  Bpecierum 

Animalium 60    0    0 

Migration  of  Birds   16    0    0 

Plankton  and  Physical  Con- 
ditions     of     the     English 

Channel 40    0    0 

Zoolc^    of    the    Sandwich 

Islands    100    0    0 

Coral  Beefs  of   the    Indian 

R^on     80    0    0    1 

Physical  and  Chemical  Con- 
stanta of  Sea- Water 100    0    0   - 

torture     Dealings     in     Raw 

Produce  2  10    0    . 

Silchester  Bxcatation  10    0    0 

Ethnolc«:ical       Survey       of  , 

C^nacla    60    0    0    , 

New  Edition  of  'Anthropo-  ! 

logical  Notes  and  Queries  *    40    0    0 
Photographs    of    Anthropo- 

logidd  Interest 10    0    0 

Mental  and  Physical  Condi- 
tion of  Children  in  Schools      6    0    0 
Ethnography  of    the    Malay 

Peninsula   25    0    0 

Physiological  Effects  of  Pep- 
tone      20    0    0   ; 

Gcnnparative     Histology     of  I 

Suprarenal  Capsules 20    0    0    I 

ConparatiTe     Histology    of 

Cerebral  Cortex 5    0    0 

Electrical  Changes  in  Mam- 
malian Nerves    20    0    0 

Vascular  Supply  of  Secreting 

Glands 10    0    0 

Fertilisation  in  PhieophyccBB    20    0    0 
Corresponding  Societies  Com.    20    0    0 

£1,072  10  ~0 


1901. 

Slectlical  Standards    45    0 

Seismological  Observations...  75    0 

Waye-length  Tables 4  14 

Isomorphons  Sulphonic  Deri- 
vatives of  Benzene 35    0 


£    $,    d, 

Life-Eones  fai  British  Carbo* 

niferous  Rocks 20    0    0 

Underground  Water  of  North- 
west Yorkshire 50    0    0 

Exploration  of  Irish  Caves...     15    0    0 

Table  at  the  Zoological  Sta- 
tion, Naples  100    0    0 

Table  at  the  Biological  La- 
boratory, Plymouth 20    0    0 

Index  Generum  et  Specierum 
Animalium 76    0    0 

Migration  of  Birds   10    0    0 

Terrestrial  Surface  Waves  ...      6    0    0 

Changes  of  Land-level  in  the 

Phlegraean  Fields 60    0    0 

Legislation  regulating  Wo- 
men's Labour 15    0    0 

Small  Screw  Gauge 45    0    0 

Resistance  of  Road  Vehicles 
to  Traction 75    0    0 

Silchester  Excavation 10    0    0 

Ethnological  Survey  of 
Canada   30    0    0 

Anthropological  Teaching  ...      5    0    0 

Exploration  in  Crete    145    0    0 

Physiological  Effects  of  Pep- 
tone      30    0    0 

CTiemistry  of  Bone  Marrow...       5  15  11 

Suprarenal  Capsules   in  the 

Rabbit 6    0    0 

Fertilisation  in  Phasophyceaj     15    0    0 

Morphology,  Ecology,  and 
Taxonomy  of  Podoste- 
maceae 20    0    0 

Corresponding  Societies  Com- 
mittee      15    0    0 

i?920    9  11 


1902. 

Electrical  Standards 40    0    0 

Seismological  Observations...     35    0    0 

Investigation  of  the  Upper 
Atmosphere  by  means  of 
Kites    75    0    0 

Magnetic  Observations  at  Fal- 
mouth      80    0    0 

Relation  between  Absorption 
Spectra  and  Organic  Sub- 
stances         20    0    0 

Wave-length  Tables 5    0    0 

Life-zones  in  British  Car- 
boniferous Rocks 10    0    0 

Exploration  of  Irish  Caves  ...     45    0    0 

Table     at      the     Zoological 

Station,  Naples 100    0    0 

Index  Generum  et  Specierum 
Animalium 100    0    0 

Migration  of  Birds    15    0    0 

Structure  of  Coral  Reefs  of 
Indian  Ocean fO    0    o  , 

Digitized  by  VjOOQIC 
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£    i.   d. 

Compoand  ABcidiaiu  of  the 
Clyde  Area 25    0    0 

Terrestrial  Surface  Waves  ...     15    0    0 

Legislation  regulating  Wo- 
men*8  Labour 30    0    0 

Small  Screw  Gauge  20    0    0 

Resistance  of  Road  Vehicles 
to  Traction 50    0    0 

Ethnological  Survey  of 
Canada    15    0    0 

Age  of  Stone  Circles 30    0    0 

Exploration  in  Crete 100    0    0 

Anthropometric  Investigation 
of  Native  Egyptian  Soldiers    15    0    0 

Excavations  on  the  Roman 
Site  at  Gelligaer   6    0    0 

Changes  in  Hsemoglobin  15    0    0 

Work  of  Mammalian  Heart 
under  Influence  of  Drugs...    20    0    0 

Investigation  of  the  Cyano- 
phycero    10    0    0 

Reciprocal  Influence  of  Uni- 
versities and  Schools    5    0    0 

Conditions  of  Health  essen- 
tial to  carrying  on  Work  in 
Schools    2    0    0 

Corresponding  Societies  Com.     15    0    0 

£947    0    0 


1903. 

Electrical  Standards 35    0    0 

Seismological  Observations...  40  0  0 
Investigation   of    the  Upper 

Atmosphere   by  means  of 

Kites   75    0    0 


£    «.  i. 

Magnetic  Observations  at  Fal- 
mouth     40    0   0 

Study  of  Hydro-aromatic  Sab- 
stances    20    0   0 

Erratic  Blocks    lO    0   0 

Exploration  of  Irish  Caves  .<.    40    0   0 

Underground  Waters  of  North- 
west Yorkshire 40    0   0 

Life-zones  in  British  Carbon- 
iferous Rocks . 5    0   0 

Geological  Photographs  ......     lO    0   0 

Table  at  the  Zoological  Sta- 
tion at  Naples    100    0   0 

Index  Generum  et  Speoierum 
Animalium 100    0   0 

Tidal   Bore,  Sea  Waves,  and 

Beaches  15    0   0 

Scottish   National  Antarctic 

Expedition 50    0    0 

Legislation  affecting  Women^s 
Labour    25    0   0 

Researches  in  Crete 100    0    6 

Age  of  Stone  Circles 3  13    2 

Anthropometriclnvestigation      5    0    0 

Anthropometry  of  the  Todas 
and  other  Tribes  of  Sauthem 
India   50    0    0 

The  State  of  Solution  of  Pro- 

teids 20    0    0 

Investigation  of  the  Cyano- 
phyceas    25    0    0 

Respiration  of  Plants   12    0   0 

Conditions  of  Health  essential 
for  School  Instruction 5    0    0 

Conesponding  Societies  Com.    20    0   0 

£846  13    2 


General  Meetings, 

On  Wednesday,  September  9,  at  8.30  p.m.,  in  the  Opera  House,  South- 
port,  Professor  James  Dewar,  M.A.,  LL.D.,  D.Sc,  F.R.S.,  resigned  tiie 
office  of  President  to  Sir  Norman  Lockyer,  K.C.B.,  LL.D.,  F.R.S.,  who 
took  the  Chair,  and  delivered  an  Address,  for  which  see  page  3. 

On  Thursday,  September  10,  at  8.30  p.m.,  a  Soir^  took  place  in  the 
Town  Hall. 

On  Friday,  September  11,  at  8.30  p.m.,  in  the  Cambridge  Hall,  Dr. 
R.  Munro  delivered  a  Discourse  on  '  Man  as  Artist  and  Sportsman  in  the 
Palaeolithic  Period.' 

On  Monday,  September  14,  at  8.30  p.m.,  in  the  Cambridge  Hall,  Dr. 
A.  W.  Rowe  delivered  a  Discourse  on  *  The  Old  Chalk  Sea,  and  some 
of  its  Teachings.' 

On  Tuesday,  September  15,  at  8.30  p.m.,  a  Soiree  took  place  at  the 
Town  Hall. 

On  Wednesday,  September  16,  at  2.30  p.m.,  in  the  Cambridge  Hall, 
the  concluding  General  Meeting  took  place,  when  the  Proceedings  of  the 
Qeneral  Committee  and  the  Grants  of  Money  for  Scientific  Purposes  were 
explained  to  the  Members. 

The  Meeting  was  then  adjourned  to  Cambridge.  [The  Meeting  is 
appointed  to  commence  on  Wednesday,  August  17,  1904.Jqqq[£ 


PEESIDENT'S  ADDEESS. 


1903.  Digitized  by  OoOgle 


Digitized  by 


Google 


ADDRESS 

BT 

Sib  NORMAN  LOCKYER,  K.C.B.,  LL.D.,  F.R.S., 

COBBESPONDANT  DE  L'InSTITUT  DB  FbANCE, 
PRESIDENT. 


Tlie  Irytuence  of  Brain-power  on  History. 

My  first  duty  to-night  is  a  sad  one.  I  have  to  refer  to  a  great  loss  which 
Uiis  nation  and  this  Association  have  sustained.  By  the  death  of  the 
great  Englishman  and  great  statesman  who  has  just  passed  away  we 
members  of  the  British  Association  are  deprived  of  one  of  the  most 
illustrious  of  our  Past-Presidents.  We  have  to  mourn  the  loss  of  an 
enthusiastic  student  of  science.  We  recognise  that  as  Prime  Minister 
he  was  mindful  of  the  interests  of  science,  and  that  to  him  we  owe  a  more 
gsoeral  recognition  on  the  part  of  the  State  of  the  value  to  the  nation  of 
Uie  work  of  scientific  men.  On  all  these  grounds  you  will  join  in  the 
expression  of  respectful  sympathy  with  Lord  Salisbury's  family  in  their 
great  personal  loss  which  your  Council  has  embodied  this  morning  in  a 
resolution  of  condolence. 

Last  year,  when  this  friend  of  science  ceased  to  be  Prime 
Minkter,  he  was  succeeded  by  another  statesman  who  also  has  given 
many  proofs  of  his  devotion  to  philosophical  studies,  and  has  shown 
in  many  utterances  that  he  has  a  clear  understanding  of  the  real  place 
of  sdenoo  in  modem  civilisation.  We,  then,  have  good  grounds  for 
hoping  Uiat  the  improvement  in  the  position  of  science  in  this  country 
wUch  we  owe  to  the  one  will  also  be  the  care  of  his  successor,  who  has 
hononred  the  Association  by  accepting  the  unanimous  nomination  of  your 
GooDcil  to  be  your  President  next  year,  an  acceptance  which  adds  a  new 
hutro  to  this  Qiair. 

On  this  we  may  congratulate  ourselves  all  the  more  because  I  think, 
ahhongh  it  is  not  generally  recognised,  that  the  century  into  which  we 
have  now  well  entered  may  be  more  momentous  than  any  which  has 
preceded  it,  and  that  the  present  history  of  the  world  is  being  so  largely 
moulded  by  the  influence  of  brain-power,  which  in  these  modem  days  has 
to  do  with  na^fal  t^  ¥reU  as  human  forces  and  laws,  that  statesmen  andi^ 
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politicians  will  have  in  the  future  to  pay  more  regard  to  education  and 
science  as  empire -builders  and  empire-guarders  than  they  have  paid  in 
the  past. 

The  nineteenth  century  will  ever  be  known  as  the  one  in  which  the 
influences  of  science  were  first  fully  realised  in  civilised  communities  ; 
the  scientific  progress  was  so  gigantic  that  it  seems  rash  to  predict  that 
any  of  its  successor  can  be  more  important  in  the  life  of  any  nation. 

Disraeli,  in  1873,  referring  to  the  progress  up  to  that  year,  spoke  as 
follows  :  '  How  much  has  happened  in  these  fifty  years — a  period  more 
remarkable  than  any,  I  will  venture  to  say,  in  the  annals  of  mankind. 
I  am  not  thinking  of  the  rise  and  fall  of  Empires,  the  change  of  dynasties, 
the  establishment  of  Governments.  I  am  thinking  of  those  revolutions 
of  science  which  have  had  much  more  effect  than  any  political  causes, 
which  have  changed  the  position  and  prospects  of  mankind  more  than  all 
the  conquests  and  all  the  codes  and  all  the  legislators  that  ever  lived.'  ^ 

The  progress  of  science,  indeed,  brings  in  many  considerations  which 
are  momentous  in  relation  to  the  life  of  any  limited  community — any  one 
nation.  One  of  these  considerations  to  which  attention  is  now  being 
greatly  drawn  is  that  a  relative  decline  in  national  wealth  derived  from 
industries  must  follow  a  relative  neglect  of  scientific  education. 

It  was  the  late  Prince  Consort  who  first  emphasised  this  when  he 
came  here  fresh  from  the  University  of  Bonn.  Hence  the  *  Prince 
Consort's  Committee,'  which  led  to  the  foundation  of  the  College  of 
Chemistry,  and  afterwards  of  the  Science  and  Art  Department.  From 
that  time  to  this  the  warnings  of  our  men  of  science  have  become  louder 
and  more  urgent  in  each  succeeding  year.  But  this  is  not  all ;  the  com- 
mercial output  of  one  country  in  one  century  as  compared  with  another  is 
not  alone  in  question ;  the  acquirement  of  the  scientific  spirit  and 
a  knowledge  and  utilisation  of  the  forces  of  Nature  are  very  mudi  further 
reaching  in  their  effects  on  the  progress  and  decline  of  nations  than  is 
generally  imagined. 

Britain  in  the  middle  of  the  last  century  was  certainly  the  country 
which  gained  piost  by  the  advent  of  science,  for  she  was  then  in  full 
possession  of  those  material  gifts  of  Nature,  coal  and  iron,  the  combined 
winning  and  utilisation  of  which,  in  the  production  of  machinery  and  in 
other  ways,  soon  made  her  the  richest  country  in  the  world,  the  seat  and 
throne  of  invention  and  manufacture,  as  Mr.  Carnegie  has  called  her. 
Being  the  great  producers  and  exporters  of  all  kinds  of  manufactured 
goods,  we  became  eventually,  with  our  iron  ships,  the  great  carriers,  and 
hence  the  supremacy  of  our  mercantile  marine  and  our  present  command 
of  the  sea. 

The  most  fundamental  change  wrought  by  the  early  applications  of 
B3ience  was  in  relation  to  producing  and  carrying  power.  With  the 
winning  of  mineral  wealth  and  the  production  of  machinery  in  other 
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countries,  and  cheap  and  rapid  transit  between  nations,  oar  superiority 
as  depending  upon  oar  first  use  of  vast  material  resoarces  was  reduced. 
Science,  which  is  above  all  things  cosmopolitan— planetary,  not  national 
— internationalises  such   resources  at  once.     In  every   market   of  the 

world 

*  things  of  beauty,  things  of  use, 
Which  one  fair  planet  can  produce, 
Brought  from  under  every  star,* 

were  soon  to  be  found. 

Hence  t^e  first  great  effect  of  the  general  progress  of  science  was 
relatively  to  diminish  the  initial  supremacy  of  Britain  due  to  the  first  use 
of  material  resources,  which  indeed  was  the  real  source  of  our  national 
wealth  and  place  among  the  nations. 

The  unfortunate  thing  was  that,  while  the  foundations  of  our 
superiority  depending  upon  our  material  resources  were  being  thus 
Sloped  by  a  cause  which  was  beyond  our  control^  our  statesmen  and  our 
Universities  were  blind  leaders  of  the  blind,  and  our  other  asset,  our 
mental  resources,  which  was  within  our  control,  was  culpably  neglected. 

So  little  did  the  bulk  of  our  statesmen  know  of  the  part  science  was 
playing  in  the  modem  world  and  of  the  real  basis  of  the  nation's  activities 
that  they  imagined  political  and  fiscal  problems  to  be  the  only  matters 
of  importance.  Nor,  indeed,  are  we  very  much  better  off  to-day.  In 
the  important  discussions  recently  raised  by  Mr.  Chamberlain  next  to 
nothing  has  been  said  of  the  effect  of  the  progress  of  science  on  prices. 
The  whole  course  of  the  modem  world  is  attributed  to  the  presence  or 
absence  of  taxes  on  certain  commodities  in  certain  countries.  The  fact 
that  the  great  fall  in  the  price  of  food-stuffs  in  England  did  not  come 
till  some  thirty  or  forty  years  after  the  removal  of  the  com  duty  between 
1847  and  1849  gives  them  no  pause  ;  for  them  new  inventions,  railways, 
and  steamships  are  negligible  quantities  ;  the  vast  increase  in  the  world's 
wealth,  in  Free  Trade  and  Protected  countries  alike,  comes  merely, 
according  to  them,  in  response  to  some  political  shibboleth. 

We  now  know,  from  what  has  occurred  in  other  States,  that  if  our 
Ministers  had  been  more  wise  and  our  Universities  more  numerous  and 
efl&cient  our  mental  resources  would  have  been  developed  by  improvements 
in  educational  method,  by  the  introduction  of  science  into  schools,  and, 
more  important  than  all  the  rest,  by  the  teaching  of  science  by  experiment, 
observation,  and  research,  and  not  from  books.  It  is  because  this  was  not 
done  that  we  have  fallen  behind  other  nations  in  properly  applying 
science  to  industry,  so  that  our  applications  of  science  to  industry  are 
relatively  less  important  than  they  were.  But  this  is  by  no  means  all ;  we 
have  lacked  the  strengthening  of  the  national  life  produced  by  fostering 
the  scientific  spirit  among  all  classes  and  along  all  lines  of  the  nation's 
activity ;  many  of  the  responsible  authorities  know  little  and  care  less 
about  science ;  we  have  not  learned  that  it  is  the  duty  of  a  State  to 
organise  its  forces  as  carefully  for  pecu^e  as  for  war  ;  that  Universities  and 
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other  teaching  centres  are  as  important  as  battleships  or  big  battalions  ; 
are,  in  fact,  essential  parts  of  a  modem  State's  machinery,  and,  as  such, 
to  be  equally  aided  and  as  efficiently  organised  to  secure  its  f  ature  well* 
being. 

Now  the  objects  of  the  British  Association  as  laid  down  by  its 
founders  seventy-two  years  ago  are  'To  give  a  stronger  impulse  and 
a  more  systematic  direction  to  scientific  inquiry— to  promote  the  inter- 
course of  those  who  cultivate  science  in  different  parts  of  the  British 
Empire  with  one  another  and  with  foreign  philosophers —to  obtain  a  more 
general  attention  to  the  objects  of  science  and  a  removal  of  any  dis- 
advantages of  a  public  kind  which  impede  its  progress.' 

In  the  main,  my  predecessors  in  this  Chair,  to  which  you  have  done 
me  the  honour  to  call  me,  have  dealt,  and  with  great  benefit  to  science, 
with  the  objects  first  named. 

But  at  a  critical  time  like  the  present  I  find  it  imperative  to  depart 
from  the  course  so  generally  followed  by  my  predecessors  and  to  deal 
with  the  last  object  named,  for  unless  by  some  means  or  other  we  '  obtain 
a  more  general  attention  to  the  objects  of  science  and  a  removal  of  any 
disadvantages  of  a  public  kind  which  impede  its  progress,'  we  shall  Bufi*er 
in  competition  with  other  communities  in  which  science  is  more  generally 
utilised  for  the  purposes  of  the  national  life. 

The  Struggle/or  Existence  in  Modern  Communities. 

Some  years  ago,  in  discussing  the  relations  of  scientific  instruction  to 
our  industries,  Huxley  pointed  out  that  we  were  in  presence  of  a  new 
'  struggle  for  existence,'  a  struggle  which,  once  commenced,  must  go  on 
until  only  the  fittest  survives. 

It  is  a  struggle  between  organised  species — nations — not  between  indi- 
viduals or  any  cla^s  of  individuals.  It  is,  moreover,  a  struggle  in  which 
science  and  brains  take  the  place  of  swords  and  sinews,  on  which  depended 
the  result  of  those  conflicts  which,  up  to  the  present,  have  determined  the 
history  and  fate  of  nations.  The  school,  the  University,  the  laboratory, 
and  the  workshop  are  the  battlefields  of  this  new  warfare. 

But  it  is  evident  that  if  this,  or  anything  like  it,  be  true,  our  industries 
cannot  be  involved  alone ;  the  scientific  spirit,  brain-power,  must  not 
be  limited  to  the  workshop,  if  other  nations  utilise  it  in  all  branches  of 
their  administration  and  executive. 

It  is  a  question  of  an  important  change  of  front  It  is  a  question  of 
Snding  a  new  basis  of  stability  for  the  Empire  in  face  ot  new  conditiona. 
I  am  certain  that  those  familiar  with  the  present  state  of  things  will 
acknowledge  that  the  Prince  of  Wales's  call,  '  Wake  up,'  applies  quite  as 
much  to  the  members  of  the  Government  as  it  does  to  the  leaders  of 
industry. 

What  is  wanted  is  a  complete  organisation  of  the  resources  of  the 
nation,  so  as  to  enable  it  best  to  face  all  the  new  problems  iirhich  the 
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progress  of  science,  combined  with  the  ebb  and  flow  of  population  and  other 
factors  in  international  competition,  are  ever  bringing  before  us.  Every 
Minister,  eveiy  public  department,  is  involved;  and  this  being  so,  it  is  the 
doty  of  the  whole  nation — ^King,  Lords,  and  Commons — to  do  what  is  neces- 
saiy  to  place  our  scientific  institutions  on  a  proper  footing  in  order  to 
enable  us  to  '  face  the  music,'  whatever  the  future  may  bring.  The  idea 
that  science  is  useful  only  to  our  industries  comes  from  want  of  thought. 
If  anyone  is  under  the  impression  that  Britain  is  only  suffering  at  present 
from  the  want  of  the  scientific  spirit  among  our  industrial  classes,  and 
that  those  employed  in  the  State  service  possess  adequate  brain-power 
and  grip  of  the  conditions  of  the  modern  world  into  which  science  so 
largely  enters,  let  him  read  the  Beport  of  the  Royal  Commission  on  the 
War  in  South  Africa.  There  he  will  see  how  the  whole  '  system '  employed 
was,  in  Sir  Henry  Brackenbury's  words  applied  to  a  part  of  it^  *  unsuited 
to  the  requirements  of  an  army  which  is  maintained  to  enable  us  to  make 
war.*  Let  him  read  also  in  the  Address  of  the  President  of  the  Society 
of  Chemical  Industry  what  drastic  steps  had  to  be  taken  by  Chambers  of 
Commerce  and  *  a  quarter  of  a  million  of  working-men  '  to  get  the  Patent 
Law  Amendment  Act  into  proper  shape  in  spite  of  all  the  advisers  and 
officials  of  the  Board  of  Trade.  Very  few  people  realise  the  immense 
number  of  scientific  problems  the  solution  of  which  is  required  for  the 
State  service.  The  nation  itself  is  a  gigantic  workshop  ;  and  the  more 
oar  rulers  and  l^islators,  administrators  and  executive  oflScers  possess 
the  scientific  spirit,  the  more  the  rule  of  thumb  is  replaced  in  the  State 
service  by  scientific  methods,  the  more  able  shall  we  be,  thus  armed  at  all 
points,  to  compete  successfully  with  other  countries  along  all  lines  of 
national  as  well  as  of  commercial  activity. 

It  is  obvious  that  the  power  of  a  nation  for  war,  in  men  and  arms  and 
ships,  is  one  thing ;  its  power  in  the  peace  struggles  to  which  1  have 
ref^nred  is  another.  In  the  latter  the  source  and  standard  of  national 
efficiency  are  entirely  changed.  To  meet  war  conditions,  there  must  be 
equality  or  superiority  in  battleships  and  army  corps.  To  meet  the  new 
peace  conditions,  there  must  be  equality  or  superiority  in  Universities, 
scientific  organisation,  and  everything  which  conduces  to  greater  brain- 
power. 

Chtr  Industries  arre  suffering  in  the  present  International  Competition, 

The  present  condition  of  the  nation,  so  far  as  its  industries  are  con- 
cerned, is  as  well  known,  not  only  to  the  Prime  Minister,  but  to  other 
political  leaders  in  and  out  of  the  Cabinet,  as  it  is  to  you  and  to  me.  Let 
me  refer  to  two  speeches  delivered  by  Lord  Rosebery  and  Mr.  Chamberlain 
cm  two  successive  days  in  January  1901. 

Lord  Rosebery  spoke  as  follows  : — 

* .  .  .  The  war  I  regard  with  apprehension  is  the  war  of  trade  which 
is  unmistakably  upon  us.  .  .  .  When  I  look  round  me  I  cannot /blind  my  _ 
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eyes  to  the  fact  that,  so  far  as  we  can  predict  anything  of  the  twentieth 
century  on  which  we  have  now  entered,  it  is  that  it  will  be  one  of  acntest 
international  conflict  in  point  of  trade.  We  were  the  first  nation  of  the 
modem  world  to  discover  that  trade  was  an  absolute  necessity.  For  Uiat 
we  were  nicknamed  a  nation  of  shopkeepers  ;  but  now  every  nation 
wishes  to  be  a  nation  of  shopkeepers  too,  and  I  am  bound  to  say  that 
when  we  look  at  the  character  of  some  of  these  nations,  and  when  we  look 
at  the  intelligence  of  their  preparations,  we  may  well  feel  that  it  behoves 
us  not  to  fear,  but  to  gird  up  our  loins  in  preparation  for  what  is  before  us.' 

Mr.  Chamberlain's  views  were  stated  in  the  following  words  : — 

'  I  do  not  think  it  is  necessary  for  me  to  say  anything  as  to  the  urgency 
and  necessity  of  scientific  training.  ...  It  is  not  too  much  to  say  thai 
the  existence  of  this  country,  as  the  great  commercial  nation,  depends 
upon  it.  .  .  .  It  depends  very  much  upon  what  we  are  doing  now,  at  the 
beginning  of  the  twentieth  century,  whether  at  its  end  we  shall  continue 
to  maintain  our  supremacy  or  even  equality  with  our  great  commercial 
and  manufacturing  rivals.' 

All  this  refers  to  our  industries.  We  are  suffering  because  trade  no 
longer  follows  the  flag  as  in  the  old  days,  but  because  trade  follows  the 
brains,  and  our  manufacturers  are  too  apt  to  be  careless  in  securing  them. 
In  one  chemical  establishment  in  Germany  400  doctors  of  science,  the 
best  the  Universities  there  can  turn  out,  have  been  employed  at  different 
times  in  late  years.  In  the  United  States  the  most  successful  students  in 
the  higher  teaching  centres  are  snapped  up  the  moment  they  have  finished 
their  course  of  training,  and  put  into  charge  of  large  concerns,  so  that  the 
idea  has  got  abroad  that  youth  is  the  password  of  success  in  American 
industry.  It  has  been  forgotten  that  the  latest  product  of  the  highest 
scientific  education  must  necessarily  be  young,  and  that  it  is  the  training 
and  not  the  age  which  determines  his  employment  In  Britain,  on  the 
other  hand,  apprentices  who  can  pay  high  premiums  are  too  often  pre- 
ferred to  those  who  are  well  educated,  and  the  old  rule-of- thumb 
processes  are  preferred  to  new  developments — a  conservatism  too  often 
depending  upon  the  master's  own  want  of  knowledge. 

I  should  not  be  doing  my  duty  if  I  did  not  point  out  that  the  defeat  of 
our  industries  one  after  another,  concerning  which  both  Lord  Ilosebery 
and  Mr.  Chamberlain  express  their  anxiety,  is  by  no  means  the  only  thing 
we  have  to  consider.  The  matter  is  not  one  which  concerns  our  industrial 
classes  only,  for  knowledge  must  be  pursued  for  its  own  sake  ;  and  since 
the  full  life  of  a  nation  with  a  constantly  increasing  complexity,  not  only 
of  industrial,  but  of  high  national  aims,  depends  upon  the  universal 
presence  of  the  scientific  spirit— in  other  words,  brain-power — our  whole 
national  life  is  involved. 
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The  Necessity  for  a  Body  dealing  with  Hie  Organisation  of  Science, 

The  present  awakening  in  relation  to  the  nation's  real  needs  is  largely 
due  to  the  warnings  of  men  of  science.  But  Mr.  Balfour's  terrible  Man- 
chester picture  of  our  present  educational  condition  ^  shows  that  the 
warning,  which  has  been  going  on  now  for  more  than  fifty  years,  has  not 
been  forcible  enough ;  but  if  my  contention  that  other  reorganisations 
besides  that  of  our  education  are  needed  is  well  founded,  and  if  men  of 
science  are  to  act  the  part  of  good  citizens  in  taking  their  share  in 
endeavouring  to  bring  about  a  better  state  of  things,  the  question  arises, 
Has  the  neglect  of  their  warnings  so  far  been  due  to  the  way  in  which 
these  have  been  given  ? 

Lord  Rosebery,  in  the  address  to  a  Chamber  of  Commerce  from  which 
I  have  already  quoted,  expressed  his  opinion  that  such  bodies  do  not 
exercise  so  much  influence  as  might  be  expected  of  them.  But  if  com- 
mercial men  do  not  use  all  the  power  their  organisation  provides,  do  they 
not  by  having  built  up  such  an  organisation  put  us  students  of  science  to 
shame,  who  are  still  the  most  disorganised  members  of  the  community  f 

Here,  in  my  opinion,  we  have  the  real  reason  why  the  scientific  needs 
of  the  nation  fail  to  command  the  attention  either  of  the  public  or  of 
successive  Governments.  At  present,  appeals  on  this  or  on  that  behalf 
are  the  appeals  of  individuals;  science  has  no  collective  voice  on  the 
larger  national  questions ;  there  is  no  organised  body  which  formulates 
her  demands. 

During  many  years  it  has  been  part  of  my  duty  to  consider  such 
matters,  and  I  have  been  driven  to  the  conclusion  that  our  great  crying 
need  is  to  bring  about  an  organisation  of  men  of  science  and  all  interested 
in  science  similar  to  those  which  prove  so  effective  in  other  branches  of 
human  activity.  For  the  last  few  years  I  have  dreamt  of  a  Chamber, 
Guild,  League,  call  it  what  you  will,  with  a  wide  and  large  membership, 
which  should  give  us  what,  in  my  opinion,  is  so  urgently  needed.  Quite 
recently  I  sketched  out  such  an  organisation,  but  what  was  my  astonish- 
ment to  find  that  I  had  been  forestalled,  and  by  the  founders  of  the  British 
Association  1 

Tlie  British  Association  such  a  Body, 

At  the  commencement  of  this  Address  I  pointed  out  that  one  of  the 
objects  of  the  Association,  as  stated  by  its  founders,  was  '  to  obtain  a 
more  general  attention  to  the  objects  of  science  and  a  removal  of  any 
disadvantages  of  a  public  kind  which  impede  its  progress.' 

Everyone  connected  with  the  British  Association  from  its  beginning 

*  '  The  existing  edacational  system  of  this  country  is  chaotic,  is  ineSectua),  is 
utterly  behind  the  age,  makes  us  the  langhing-stock  of  every  advanced  nation  in 
Eoiope  and  America,  puts  us  behind,  not  only  our  American  cousins,  bat  the  German 
and  the  Frenchman  and  the  Italian.' — Tifnes^  October  16, 1902.  .  ■  , 
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may  be  congratulated  upon  the  magnificent  way  in  which  the  other  objects 
of  the  Association  have  been  carried  out ;  but  as  one  familiar  with  the 
Association  for  the  last  forty  years  I  cannot  bat  think  that  the  object  to 
which  I  have  specially  referred  has  been  too  much  overshadowed  by  the 
work  done  in  connection  with  the  others. 

A  careful  study  of  the  early  history  of  the  Association  leads  me  to  the 
belief  that  the  function  I  am  now  dwelling  on  was  strongly  in  the  minds 
of  the  founders  ;  but  be  this  as  it  may,  let  me  point  out  how  admirably 
the  organisation  is  framed  to  enable  men  of  science  to  influence  public 
opinion  and  so  to  bring  pressure  to  bear  upon  (Governments  which  follow 
public  opinion.  (1)  Unlike  all  the  other  chief  metropolitan  societies,  its 
outlook  is  not  limited  to  any  branch  or  branches  of  science.  (2)  We  have 
a  wide  and  numerous  fellowship,  including  both  the  lec^lers  and  the  lovers 
of  science,  in  which  all  branches  of  science  are  and  always  have  been 
included  with  the  utmost  catholicity — a  condition  which  renders  strong 
committees  possible  on  any  subject.  (3)  An  annual  meeting  at  a  time 
when  people  can  pay  attention  to  the  deliberations,  and  when  the  news- 
papers can  print  reports.  (4)  The  possibility  of  beating  up  recruits  and 
establishing  local  committees  in  different  localities,  even  in  the  King's 
dominions  beyond  the  seas,  since  the  place  of  meeting  changes  from  year 
to  year,  and  is  not  limited  to  these  islands. 

We  not  only,  then,  have  a  scientific  Parliament  competent  to  deal 
with  all  matters,  including  those  of  national  importance,  relating  to  science, 
but  machinery  for  influtocing  all  new  councils  and  committees  dealing 
with  local  matters,  the  functions  of  which  are  daily  becoming  more 
important. 

The  machinery  might  consist  of  our  corresponding  societies.  We 
already  have  affiliated  to  us  seventy  societies  with  a  membership  of  25,000. 
Were  this  number  increased  so  as  to  include  every  scientific  society  in  the 
Empire,  metropolitan  and  provincial,  we  might  eventually  hope  for  a 
membership  of  half  a  million. 

I  am  glad  to  know  that  the  Council  is  fully  alive  to  the  importance  of 
giving  a  greater  impetus  to  the  work  of  the  corresponding  societies. 
During  this  year  a  committee  wcus  appointed  to  deal  with  the  question  ; 
and  later  still,  after  this  committee  had  reported,  a  conference  was  held 
between  this  committee  and  the  corresponding  societies  committee  to 
consider  the  suggestions  made,  some  of  which  will  be  gathered  from  the 
following  extract : — 

•  In  view  of  the  increasing  importance  of  science  to  the  nation  at  large, 
your  committee  desire  to  call  the  attention  of  the  Council  to  the  fact  that 
in  the  corresponding  societies  the  British  Association  has  gathered  in  the 
various  centres  represented  by  these  societies  practically  all  the  scientific 
activity  of  the  provinces.  The  number  of  members  and  associates  at 
present  on  the  list  of  the  corresponding  societies  approaches  25,000,  and 
no  organisation  is  in  existence  anywhere  in  the  country  better  adapted 
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than  the  Biitish  Association  for  stimulating,  encouraging,  and  co-ordinating 
all  the  work  being  carried  on  bj  the  seventy  societies  at  present  enrolled. 
Your  committee  are  of  opinion  that  further  encouragement  should  be 
given  to  these  societies  and  their  individual  working  members  by  every 
means  within  the  power  of  the  Association  ;  and  with  the  object  of  keeping 
the  corresponding  societies  in  more  permanent  touch  with  the  Association 
they  suggest  that  an  official  invitation  on  behalf  of  the  Council  be 
addressed  to  the  societies,  through  the  corresponding  societies  committee, 
asking  them  to  appoint  standing  British  Association  sub-committees,  to 
be  ^ected  by  themselves,  with  the  object  of  dealing  with  all  those  subjects 
of  investigation  common  to  their  societies  and  to  the  British  Association 
committees,  and  to  look  after  the  general  interests  of  science  and  scientific 
education  throughout  the  provinces  and  provincial  centres.  •  .  . 

*  Your  committee  desire  to  lay  special  emphasis  on  the  necessity  for 
the  extension  of  the  scientific  activity  of  the  corresponding  societies  and 
the  expert  knowledge  of  -many  of  their  members  in  the  direction  of 
scientific  education.  They  are  of  opinion  that  immense  benefit  would 
accrue  to  the  country  if  the  corresponding  societies  would  keep  this 
requirement  especially  in  view  with  the  object  of  securing  adequate 
representation  for  scientific  education  on  tlie  Education  Committees  now 
being  appointed  under  the  new  Act.  The  educational  section  of  the 
Association  having  been  but  recently  added,  the  corresponding  societies 
have  as  yet  not  had  much  opportunity  for  taking  part  in  this  branch  of 
the  Association's  work ;  and  in  view  of  the  reorganisation  in  education 
now  going  on  all  over  the  country  your  committee  are  of  opinion  that  no 
more  opportune  time  is  likely  to  occur  for  the  influence  of  scientific 
OTganisations  to  make  itself  felt  as  a  real  factor  in  national  education.  .  .  »' 

I  believe  that  if  these  suggestions  or  anything  like  them — for  some 
better  way  may  be  found  on  inquiry — are  accepted,  great  good  to  science 
throughout  the  Empire  will  come.  Rest  assured  that  sooner  or  later  such 
a  Guild  will  be  formed  because  it  is  needed.  It  is  for  you  to  say  whethei 
it  shall  be,  or  form  part  of,  the  British  Association.  We  io  this  Empire 
certainly  need  to  organise  science  as  much  as  in  Germany  they  find  the 
need  to  organise  a  navy.  The  German  Navy  League,  which  has  branches 
even  in  our  Colonies,  already  has  a  membership  of  630,000,  and  its 
income  is  nearly  20,0007.  a  year.  A  British  Science  League  of  500,000 
with  a  sixpenny  subscription  would  give  us  12,0007.  a  year,  quite  enough 
to  b^^  with. 

I  for  one  believe  that  the  British  Association  would  be  a  vast  gainer 
by  such  an  expansion  of  one  of  its  existing  functions.  Increased  authority 
uid  prestige  would  follow  its  increased  utility.  The  meetings  would  possess 
a  new  interest ;  there  would  be  new  subjects  for  reports ;  missionary 
work  less  needed  than  formerly  would  be  replaced  by  efforts  much  more 
suited  to  the  real  wants  of  the  time.  This  magnificent,  strong,  and  com- 
plicated <»ganiBation  would  become  a  living  force,  working  throughout  the 
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year  instead  of  practically  lying  idle,  useless,  and  mstlng  for  fifty-one 
weeks  out  of  the  fifty-two  so  far  as  its  close  association  with  its  members 
is  concerned. 

If  this  suggestion  in  any  way  commends  itself  to  you,  then  when  yoa 
begin  your  work  in  your  sections  or  General  Committee  see  to  it  that  a 
body  is  appointed  to  inquire  how  the  thing  can  be  done.  Remember  that 
the  British  Association  will  be  as  much  weakened  by  the  creation  of  a 
new  body  to  do  the  work  I  have  shown  to  have  been  in  the  minds  of  its 
founders  as  I  believe  it  will  be  strengthened  by  becoming  completely 
effective  in  every  one  of  the  directions  they  indicated,  and  for  which 
effectiveness  we,  their  successors,  are  indeed  responsible.  The  time  is 
appropriate  for  such  a  reinforcement  of  one  of  the  wings  of  our  organisa- 
tion, for  we  have  recently  included  Education  among  our  sections. 

There  is  another  matter  I  should  like  to  see  referred  to  the  committee 
I  have  spoken  of,  if  it  please  you  to  appoint  it.  The  British  Association — 
which,  as  I  have  already  pointed  out,  is  now  the  chief  body  in  the  Empire 
which  deals  with  the  totality  of  science — is,  I  believe,  the  only  organisa- 
tion of  any  consequence  which  is  without  a  charter,  and  which  has  not 
his  Majesty  the  King  as  patron. 

Tlie  First  Work  of  such  an  Organisation, 

I  suppose  it  is  my  duty,  after  I  have  suggested  the  need  of  organisationi 
to  tell  you  my  personal  opinion  as  to  the  matters  where  we  suffer  most 
in  consequence  of  our  lack  of  organisation  at  the  present  time. 

Our  position  tvs  a  nation,  our  success  as  merchants,  are  in  peril 
chiefly — dealing  with  preventable  causes — because  of  our  lack  of  com- 
pletely efficient  Universities  and  our  neglect  of  research.  This  research 
has  a  double  end.  A  professor  who  is  not  learning  cannot  teach  properly 
or  arouse  enthusiasm  in  his  students  ;  while  a  student  of  anything  who 
is  unfamiliar  with  research  methods,  and  without  that  training  which 
research  brings,  will  not  be  in  the  best  position  to  apply  his  knowledge  in 
after-life.  From  neglect  of  research  comes  imperfect  education  and  a 
small  output  of  new  applications  and  new  knowledge  to  reinvigorate  our 
industries.  From  imperfect  education  comes  the  unconcern  touching 
scientific  matters  and  the  too  frequent  absence  of  the  scientific  spirit  in 
the  nation  generally,  from  the  Court  to  the  Parish  Council. 

I  propose  to  deal  as  briefly  as  I  can  with  each  of  these  points. 

Universities, 

I  have  shown  that,  so  far  as  our  industries  are  concerned,  the  cause 
of  our  failure  has  been  run  to  earth  ;  it  is  fully  recognised  that  it  arises 
from  the  insufficiency  of  our  Universities  both  in  numbers  and  efficiency, 
so  that  not  only  our  captains  of  industry,  but  those  employed  in  the 
nation's  work  generally,  do  not  secure  a  training  similar  to  that  afforded 
by  other  nations.     No  additional  endowment  of  primar}\  secondary,  or 
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technical  instruction  will  mend  matters.   This  is  not  merely  the  opinion 
of  men  of  science  ;  our  great  towns  know  it,  our  Ministers  know  it. 
It  is  sufficient  for  me  to  quote  Mr.  Chamberlain  : — 

'  It  is  not  everyone  who  can,  by  any  possibility,  go  forward  into  the 
higher  spheres  of  education  ;  but  it  is  from  those  who  do  that  we  have  to 
look  for  the  men  who  in  the  future  will  carry  high  the  flag  of  this  country 
in  commercial,  scientific,  and  economic  competition  with  other  nations. 
At  the  present  moment  I  believe  there  is  nothing  more  important  than  to 
supply  the  deficiencies  which  separate  us  from  those  with  whom  we  are  in 
the  closest  competition.  In  Germany,  in  America,  in  our  own  colony  of 
Canada,  and  in  Australia,  the  higher  education  of  the  people  has  more 
support  from  the  (jk>vemment,  is  carried  further,  than  it  is  here  in  the  Old 
Country ;  and  the  result  is  that  in  every  profession,  in  every  industry, 
you  find  the  places  taken  by  men  and  by  women  who  have  had  a  Univer- 
sity education.  And  I  would  like  to  see  the  time  in  this  country  when 
no  man  should  have  a  chance  for  any  occupation  of  the  better  kind,  either 
in  our  factories,  our  workshops,  or  our  counting-houses,  who  could  not 
show  proof  that  in  the  course  of  his  University  career  he  had  deserved  the 
position  that  was  ofiered  to  him.  What  is  it  that  makes  a  country  ?  Of 
course  you  may  say,  and  you  would  be  quite  right,  "  The  general  qualities 
of  the  people,  their  resolution,  their  intelligence,  their  pertinacity,  and 
many  oUier  good  qualities."  Yes  ;  but  that  is  not  all,  and  it  is  not  the 
main  creative  feature  of  a  great  nation.  The  greatness  of  a  nation  is 
made  by  its  greatest  men.  It  is  those  we  want  to  educate.  It  is  to 
those  who  are  able  to  go,  it  may  be,  from  the  very  lowest  steps  in  the 
ladder,  to  men  who  are  able  to  devote  their  time  to  higher  education,  that 
we  have  to  look  to  continue  the  position  which  we  now  occupy  as  at  all 
events  one  of  the  greatest  nations  on  the  face  of  the  earth.  And, 
feeling  as  I  do  on  these  subjects,  you  will  not  be  surprised  if  I  say 
that  I  think  the  time  is  coming  when  Governments  will  give  more 
attention  to  this  matter,  and  perhaps  find  a  little  more  money  to  forward 
its  interests.' ' 

Oar  conception  of  a  University  has  changed.  University  education  is 
no  longer  regarded  as  the  luxury  of  the  rich,  which  concerns  only  those 
who  can  afford  to  pay  heavily  for  it.  The  Prime  Minister  in  a  recent 
speech,  while  properly  pointing  out  that  the  collective  effect  of  our  public 
and  secondary  schools  upon  British  character  cannot  be  overrated,  frankly 
acknowledged  that  the  boys  of  seventeen  or  eighteen  who  have  to  be 
educated  in  them  *  do  not  care  a  farthing  about  the  world  they  live  in 
except  in  so  far  as  it  concerns  the  cricket-field  or  the  football-field  or  the 
river.'  On  this  ground  they  are  not  to  be  taught  science ;  and  hence, 
when  they  proceed  to  the  University,  their  curriculum  is  limited  to  subjects 
which  were  better  taught  before  the  modem  world  existed,  or  even  Galileo 

"  Times,  November  6, 1902. 
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was  bom.  But  the  science  which  these  young  gentlemen  neglect,  with 
the  full  approval  of  their  teachers,  on  their  way  through  the  school  and 
the  University  to  politics,  the  Civil  Service,  or  the  management  of  com- 
roercial  concerns,  is  now  one  of  the  great  necessities  of  a  nation  ;  and  our 
Universities  must  become  as  mnch  the  insurers  of  the  future  progre» 
as  battleships  are  the  insurers  of  the  present  power  of  States.  In  other 
words.  University  competition  between  States  is  now  as  potent  as  compe- 
tition in  building  battleships  ;  and  it  is  on  this  ground  that  our  University 
conditions  become  of  the  highest  national  concern,  and  therefore  have  to  be 
referred  to  here,  and  all  the  mere  because  our  industries  are  not  alone  in 
question. 

Why  we  have  not  mare  UniversUiea. 

Chief  among  the  causes  which  have  brought  us  to  the  terrible  condition 
of  inferiority  as  compared  with  other  nations  in  which  we  find  ourselves 
are  our  carelessness  in  the  matter  of  education  and  our  false  notions  of 
the  limitations  of  State  functions  in  relation  to  the  conditions  of  modem 
civilisation. 

Time  was  when  the  Navy  was  largely  a  matter  of  private  and  local 
effort.  William  the  Conqueror  gave  privileges  to  the  Cinque  Ports  on  the 
condition  that  they  furnished  fifty- two  ships  when  wanted.  In  the  time 
of  Edward  TIL,  of  730  sail  engaged  in  the  siege  of  Calais  705  were 
'  people's  ships/  All  this  has  passed  away  ;  for  our  first  line  of  defence 
we  no  longer  depend  on  private  and  local  effort. 

Time  was  when  not  a  penny  was  spent  by  the  State  on  elementary 
education.  Again,  we  no  longer  depend  upon  private  and  loc^  effort. 
The  Navy  and  primary  education  are  now  recognised  as  properly  calling 
upon  the  public  for  the  necessary  financial  support.  But  when  we  pass 
from  primary  to  University  education,  instead  of  State  endowment  we  find 
State  neglect ;  we  are  in  a  region  where  it  is  nobody's  business  to  see  that 
anything  is  done. 

We  in  Great  Britain  have  thirteen  Universities  competing  witli  134 
State  and  privately  endowed  in  the  United  States  and  twenty-two  State- 
endowed  in  Germany.  I  leave  other  countries  out  of  consideration  for  lack 
of  time,  and  I  omit  all  reference  to  higher  institutions  for  technical  training, 
of  which  Germany  alone  possesses  nine  of  University  rank,  because  they 
are  less  important ;  they  instruct  rather  than  educate,  and  our  want  is 
education.  The  German  State  gives  to  one  University  more  than 
the  British  Government  allows  to  all  the  Universities  and  University 
Colleges  in  England,  Ireland,  Scotland,  and  Wales  put  together.  These 
are  the  conditions  which  regulate  the  production  of  brain-power  in  the 
United  States,  Germany,  and  Britain  respectively,  and  the  excuse  of  the 
Government  is  that  this  is  a  matter  for  private  effort.  Do  not  our 
Ministers  of  State  know  that  other  civilised  countries  grant  efficient  State 
aid,  and,  further,  that  private  effort  has  provided  in  Great  Britain  less 
than  10  per  cent,  of  the  sum  thus  furnished  in  the  United  States  ix) 
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addition  to  State  aid  ?  Are  they  content  that  we  should  go  under  in 
the  great  struggle  of  the  modem  world  because  the  Ministries  of  other 
States  are  wiser,  and  because  the  individual  citizens  of  another  country 
are  more  generous,  than  our  own  ? 

If  we  grant  that  there  was  some  excuse  for  the  State's  neglect  so  long 
as  the  higher  teaching  dealt  only  with  words,  and  books  alone  had  to  be 
provided  (for  the  streets  of  London  and  Paris  have  been  used  as  class- 
rooms at  a  pinch),  it  must  not  be  forgotten  that  during  the  last  hundred 
years  not  only  has  koowledge  been  enormously  increased,  but  things  have 
replaced  words,  and  fully  equipped  laboratories  must  take  the  place  of 
books  and  class-rooms  if  University  training  worthy  of  the  name  is  to  be 
provided.  There  is  much  more  difference  in  size  and  kind  between  an  old 
and  a  new  University  than  there  is  between  the  old  caravel  and  a  modem 
battleship,  and  the  endowments  must  follow  suit. 

What  are  the  facts  relating  to  private  endowment  in  this  country  ? 
In  spite  of  the  munificence  displayed  by  a  small  number  of  individuals  in 
some  localities,  the  truth  must  be  spoken.  In  depending  in  our  country 
upon  this  form  of  endowment  we  are  trusting  to  a  broken  reed.  If  we 
take  the  twelve  English  University  Colleges,  the  forerunners  of  Universities 
unless  we  are  to  perish  from  lack  of  knowledge,  we  find  that  private  effort 
during  sixty  years  has  found  less  than  4,000,000/. ;  that  is,  2,000,000/.  for 
buildings,  and  40,000/.  a  year  income.  This  gives  us  an  average  of 
166,000/.  for  buildings,  and  3,300/.  for  yearly  income. 

What  is  the  scale  of  private  effort  we  have  to  compete  with  in  regai*d 
to  the  American  Universities  ? 

In  the  United  States,  during  the  last  few  years,  Universities  and 
colleges  have  received  more  than  40,000,000/.  from  this  source  alone ; 
private  effort  supplied  nearly  7,000,000/.  in  the  years  1898-1900. 

Next  consider  the  amount  of  State  aid  to  Universities  afforded  in 
Germany.  The  buildings  of  the  new  University  of  Strassburg  have 
already  cost  nearly  a  million  ;  that  is,  about  as  much  as  has  yet  been  found 
by  private  effort  for  buildings  in  Manchester,  Liverpool,  Birmingham, 
Bristol,  Newcastle,  and  Sheffield.  The  Government  annual  endowment 
of  the  same  German  University  is  more  than  49,000/. 

This  is  what  private  endowment  does  for  us  in  England,  against  State 
endowment  in  Germany. 

But  the  State  does  really  concede  the  principle  ;  its  present  contribu- 
tion to  our  Universities  and  colleges  amounts  to  155,600/.  a  year.  No 
capital  sum,  however,  is  taken  for  buildings.  The  State  endowment  of 
the  University  of  Berlin  in  1891-92  amounted  to  168,777/. 

When,  then,  we  consider  the  large  endowments  of  University  educa- 
tion both  in  the  United  States  and  Germany,  it  is  obvious  that  State  aid 
only  can  make  any  valid  competition  possible  with  either.  The  more  we 
study  the  facts,  the  more  statistics  are  gone  into,  the  more  do  we  find 
that  we,  to  a  large  extent,  lack  both  of  the  sources  of  endowment  upon 
one  or  other,  or  both,  of  which  other  nations  depend.     We  are  between 
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two  stools,  and  the  prospect  is  hopeless  without  some  drastic  changes. 
And  first  among  these,  if  we  intend  to  get  out  of  the  present  Slough  of 
Despond,  must  be  the  giving  up  of  the  idea  of  relying  upon  private 
effort. 

That  we  lose  most  where  the  State  does  least  is  known  to  Mr.  Cham- 
berlain, for  in  his  speech,  to  which  I  have  referred,  on  the  TJniversity  of 
Birmingham,  he  said  :  '  As  the  importance  of  the  aim  we  are  pursuing 
becomes  more  and  more  impressed  upon  the  minds  of  the  people,  we  may 
find  that  we  shall  be  more  generously  treated  by  the  State.' 

Later  still,  on  the  occasion  of  a  visit  to  University  College  Schod, 
Mr.  Chamberlain  spoke  as  follows  : — 

'When  we  are  spending,  as  we  are,  many  millions — I  think  it  is 
13,000,000/. — a  year  on  primary  education,  it  certainly  seems  as  if  we 
might  add  a  little  more,  even  a  few  tens  of  thousands,  to  what  we  give  to 
University  and  secondary  education.'  ^ 

To  compete  on  equal  grounds  with  other  nations  we  must  have  more 
Universities.  But  this  is  not  all — we  want  a  far  better  endowment  of  all 
the  existing  ones,  not  forgetting  better  opportunities  for  research  on  the 
part  of  both  professors  and  students.  Another  crying  need  is  that  of 
more  professors  and  better  pay.  Another  is  the  reduction  of  fees  ;  they 
should  be  reduced  to  the  level  existing  in  those  countries  which  are 
competing  with  us — to,  say,  one-fifth  of  their  present  rates,  so  as  to  enable 
more  students  in  the  secondary  and  technical  schools  to  complete  their 
education. 

In  all  these  ways  facilities  would  be  afforded  for  providing  the  highest 
instruction  to  a  much  greater  number  of  students.  At  present  there  are 
almost  as  many  profesaors  and  instructors  in  the  Universities  and  colleges 
of  the  United  States  as  there  are  day  students  in  the  Universities  and 
colleges  of  the  United  Kingdom. 

Men  of  science,  our  leaders  of  industry,  and  the  chiefs  of  our  political 
parties  all  agree  that  our  present  want  of  higher  education — in  other 
words,  properly  equipped  Universities — is  heavily  handicapping  us  in  the 
present  race  for  commercial  supremacy,  because  it  provides  a  relatively 
inferior  brain-power,  which  is  leading  to  a  relatively  reduced  national 
income. 

The  facts  show  that  in  this  country  we  cannot  depend  upon  private 
effort  to  put  matters  right.     How  about  local  effort  ? 

Anyone  who  studies  the  statistics  of  modem  municipalities  will  see 
that  it  is  impossible  for  them  to  raise  rates  for  the  building  and  upkeep 
of  Universities. 

The  buildings  of  the  most  modern  University  in  Germany  have  cost 
a  million.     For  upkeep  the  yearly  sums  found,  chiefly  by  the  State,  for 

»  Tmes,  November  6,  1902. 
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Oermaa  TTniveraities  of  different  grades,  taking  the  incomes  of  seven  out 
of  the  twenty-two  Universities  as  examples,  are  : — 

I 

Pint  Class    .        .        •       Berlin     ....    130,000 

SecandCksB.        .        .     \^^^     }        .        .      66.000 

FourthCUU..       .       .     {K^'^j         •        •      ".<«« 

Thus,  if  Leeds,  which  is  to  have  a  University,  is  content  with  the 
fourth  class  German  standard,  a  rate  must  be  levied  of  Id,  in  the  pound 
for  yearly  expenses,  independent  of  all  buildings.  But  the  facts  are  that 
our  towns  are  already  at  the  breaking  strain.  During  the  last  fifty 
years,  in  spite  of  enormous  increases  in  rateable  values,  the  rates  have 
gone  up  from  about  2^.  to  about  76.  in  the  pound  for  real  local  purposes. 
Bat  no  University  can  be  a  merely  local  institution. 

Uovo  to  get  more  Universities, 

What,  then,  is  to  be  done?  Fortunately,  we  have  a  precedent 
admirably  in  point,  the  consideration  of  which  may  help  us  to  answer 
this  question. 

1  have  pointed  out  that  in  old  days  our  Navy  was  chiefly  provided 
by  local  and  private  effort.  Fortunately  for  us  those  days  ^have  passed 
away  ;  but  some  twenty  years  ago,  in  spite  of  a  large  expenditure,  it 
began  to  be  felt  by  those  who  knew,  that  in  consequence  of  the  increase 
ol  foreign  navies  our  sea  power  was  threatened,  as  now,  in  consequence 
of  the  increase  of  foreign  Universities,  our  brain-power  is  threatened. 

The  nation  slowly  woke  up  to  find  that  its  enormous  commerce  was 
no  longer  insured  at  sea,  that  in  relation  to  foreign  navies  our  own  had 
been  suffered  to  dwindle  to  such  an  extent  that  it  was  no  longer  capable 
of  doing  the  duty  which  the  nation  expected  of  it  even  in  times  of  peace. 
At  first  this  revelation  was  received  with  a  shrug  of  incredulity,  and 
the  peace- at-any- price  party  denied  that  anything  was  needed  ;  but  a  great 
teacher  arose ;  ^  as  the  facts  were  inquired  into,  the  suspicion  changed 
into  an  alarm  ;  men  of  all  parties  saw  that  something  must  be  done. 
Later  the  nation  was  thoroughly  aroused,  and  with  an  universal  agree- 
ment the  principle  was  laid  down  that,  cost  what  it  might  to  enforce 
oar  sea-power,  our  Navy  must  be  made  and  maintained  of  a  strength 
greater  than  those  of  any  two  possibly  contending  Powers.  After  esta- 
blishing this  principle,  the  next  thing  to  do  was  to  give  effect  to  it. 
*What  did  the  nation  do  after  full  discussion  and  inquiry  ?  A  Bill  was 
brought  in  in  1888,  and  a  sum  of  21,500,000/.  was  voted  in  order, 
daring  the  next  five  years,  to  inaugurate  a  large  ship- building  programme, 

>  Captain  Mahan,  of  the  U.S.  Navy,  whose  book,  '  On  the  iDfluence  of  Sea-power 
00  History,*  has  suggested  the  title  of  my  address. 
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so  that  Britain  and  Britain's  commerce  might  be  guarded  on  the  high  seas 
in  any  event. 

Since  then  we  have  spent  1 20,000, OOOZ.  on  new  ships,  and  this  year 
we  spend  still  more  millions  on  still  more  new  ships.  If  these  prove 
insufficient  to  safeguard  our  sea-power,  there  is  no  doubt  that  the  nation 
will  increase  them,  and  I  have  not  heard  that  anybody  has  suggested  an 
appeal  to  private  effort. 

How,  then,  do  we  stand  with  regard  to  Universities,  recognising  them 
as  the  chief  producers  of  brain-power  and  therefore  the  equivalents  of 
battleships  in  relation  to  sea-power  ?  Do  their  numbers  come  up  to  the 
standard  established  by  the  Admiralty  principle  to  which  I  have  referred  I 
Iiet  us  attempt  to  get  a  rough-and-ready  estimate  of  our  educational 
position  by  counting  Universities  as  the  Admiralty  counts  battleships. 
I  say  rough-and-ready,  because  we  have  other  helps  to  greater  brain- 
power to  consider  besides  Universities,  as  the  Admiralty  has  other  ships 
to  consider  besides  ironclads. 

In  the  first  place,  let  us  inquire  if  they  are  equal  in  number  to  those 
of  any  two  nations  commercially  competing  with  us. 

In  the  United  Kingdom  we  had  until  quite  recently  thirteen.^  Of 
these,  one  is  only  three  years  old  as  a  teaching  University,  and  another 
is  still  merely  an  examining  board. 

In  Germany  there  are  twenty-two  Universities  j  in  France,  under 
recent  legislation,  fifteen ;  in  Italy,  twenty-one.  It  is  difficult  to  giveUie 
number  in  the  United  States,  because  it  is  clear,  from  the  tables  given  in 
the  Report  of  the  Commissioner  of  Education,  that  some  colleges  are  more 
important  than  some  Universities,  and  both  give  the  degree  of  Ph.D.  But 
of  Universities  in  title  we  have  134.  Among  these,  there  are  forty-six 
with  more  than  fifty  professors  and  instructors,  and  thirteen  with  more 
than  150.     I  will  take  that  figure. 

Suppose  we  consider  the  United  States  and  Germany,  our  chief  com* 
mercial  competitors,  and  apply  the  Admiralty  principle.  We  should 
require,  allowing  for  population,  eight  additional  Universities  at  the  very 
lowest  estimate. 

We  see,  then,  that  instead  of  having  Universities  equalling  in  number 
those  of  two  of  our  chief  competitors  together,  they  are  by  no  means  equal 
to  those  of  either  of  them  singly. 

After  this  statement  of  the  facts,  anyone  who  has  belief  in  the  impor* 
tance  of  higher  education  will  have  no  difficulty  in  understanding  the 
origin  of  the  present  condition  of  British  industry  and  its  constant 
decline,  first  in  one  direction  and  then  in  another,  since  the  tremendous 
efforts  made  in  the  United  States  and  Germany  began  to  take  effect 

If,  indeed,  there  be  anything  wrong  about  the  comparison,  the  error 
can  only  arise  from  one  of  two  sources— either  the  Admiralty  is  thought- 

*  These  are  Oxford,  Cambridge,  Durham,  Victoria,  Wales,  BirmiDgham,  London, 
St.  Andrews,  Glasgow,  Aberdeen,  Edinburgh,  Dublin,  and  Royal  Unircnnlty. 
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lessly  and  wastefully  spending  money,  or  there  is  no  connection  what- 
ever between  the  higher  intelligence  and  the  prosperity  of  a  nation. 
I  have  already  referred  to  the  views  of  Mr.  Chamberlain  and  Lord 
Rosebery  on  this  point ;  we  know  what  Mr.  Chamberlain  has  done  at 
Birmingham ;  we  know  the  strenuous  efforts  made  by  the  commercial 
leaders  of  Manchester  and  Liverpool ;  we  know,  also,  the  opinion  of  men 
of  science. 

K  while  we  spend  so  freely  to  maintain  our  sea-power  our  export  of 
manufactured  articles  is  relatively  reduced  because  our  competitors  beat 
us  in  the  markets  of  the  world,  what  is  the  end  of  the  vista  thus  opened 
up  to  us  ?  A  Navy  growing  stronger  every  year  and  requiring  larger  votes 
to  guard  our  commerce  and  communications,  and  a  vanishing  quantity  of 
commerce  to  guard — a  reduced  national  income  to  meet  an  increasing 
taxation! 

The  pity  is  that  our  Government  has  considered  sea-power  alone  ;  that 
whDe  so  completely  guarding  our  commerce  it  has  given  no  thought  to 
one  of  the  main  conditions  on  which  its  production  and  increase  depend. 
A  glance  could  have  shown  that  other  countries  were  building  Universities 
even  faster  than  they  were  building  battleships  ;  were,  in  fact,  considering 
brain-power  first  and  sea-power  afterwards. 

Surely  it  is  my  duty  as  your  President  to  point  out  the  danger  ahead, 
if  such  ignoring  of  the  true  situation  should  be  allowed  to  continue.  May 
I  express  a  hope  that  at  last,  in  Mr.  Chamberlain's  words,  '  The  time  is 
coming  when  Governments  will  give  more  attention  to  this  matter'  ] 

What  will  ihey  cost  ? 

The  comparison  shows  that  we  want  eight  new  tTniversities,  some  of 
which,  of  course,  will  be  colleges  promoted  to  University  rank  and  fitted 
to  carry  on  University  work.  Three  of  them  are  already  named  :  Man- 
chester, Liverpool,  Leeds. 

Let  us  take  this  number  and  deal  with  it  on  the  battleship  condition, 
although  a  modem  University  on  American  or  German  models  will  cost 
more  to  build  than  a  battleship. 

If  our  present  University  shortage  be  dealt  with  on  battleship  con* 
ditions,  to  correct  it  we  should  expend  at  least  8,000,000^.  for  new  con- 
struction, and  for  the  pay-sheet  we  should  have  to  provide  (8  x  60,000Z.) 
400,OOOZ.  yearly  for  personnel  and  up-keep  ]  for  it  is  of  no  use  to  build 
either  ships  or  Universities  without  manning  them.  Let  us  say,  roughly, 
capitalising  the  yearly  payment  at  2^  per  cent.,  24,000,0002. 

At  this  stage  it  is  important  to  inquire  whether  this  sum,  arrived  at 
by  analogy  merely,  has  any  relation  to  our  real  University  needf. 

I  have  spent  a  year  in  making  inquiries,  as  full  as  I  could  make  them, 
of  friends  conversant  with  the  real  present  needs  of  each  of  the  Univer- 
nties,  old  and  new.  I  have  obtained  statistics  which  would  fill  a  volume, 
and  personally  I  believe  that  this  sum  at  least  is  '^^ii'f|d|2^9K^^^I([i{^(5^^ 
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University  system  up  to  anything  like  the  level  which  is  insisted  upon 
both  in  the  United  States  and  in  Germany.  Even  Oxford,  our  oldest 
University,  will  still  continue  to  be  a  mere  bundle  of  colleges  unless  three 
millions  are  provided  to  enable  the  University,  properly  so  called,  to  take 
her  place  among  her  sisters  of  the  modern  world  ;  and  Sir  Oliver  Lodge, 
the  Principal  of  our  very  youngest  University,  Birmingham,  has  shown 
in  detail  how  five  millions  can  be  usefully  and  properly  applied  in  that 
one  locality  to  utilise  for  the  good  of  the  nation  the  enthusiasm  and 
scientific  capacity  which  are  only  waiting  for  adequate  opportunity  of 
development. 

How  is  this  money  to  be  raised  ?  I  reply,  without  hesitation. 
Duplicate  the  Navy  BUI  of  1888-9  ;  do  at  once  for  brain-power  what  we 
so  successfully  did  then  for  sea-power. 

Let  24,000,OOOZ.  be  set  apart  from  one  asset,  our  national  wealth,  to 
increase  the  other,  brain-power.  Let  it  be  assigned  and  borrowed  as  it  is 
wanted  ;  there  will  be  a  capital  sum  for  new  buildings  to  be  erected  in 
the  next  five  or  ten  years,  the  interest  of  the  remainder  to  go  towards 
increased  annual  endowments. 

There  need  be  no  difficulty  about  allocating  money  to  the  various 
institutions.  Let  each  University  make  up  its  mind  as  to  which  rank  of 
the  German  Universities  it  wishes  to  emulate.  When  this  claim  has  been 
agreed  to,  the  sums  necessary  to  provide  the  buildings  and  teaching  staff 
of  that  class  of  University  should  be  granted  without  demur. 

It  is  the  case  of  battleships  over  again,  and  money  need  not  be  spent 
more  freely  in  one  case  than  in  the  other. 

Let  me  at  once  say  that  this  sum  is  not  to  be  regarded  as  practically 
gone  when  spent,  as  in  the  case  of  a  short-lived  ironclad.  It  is  a  loan 
which  will  bear  a  high  rate  of  interest.  This  is  not  my  opinion  merely  ; 
it  is  the  opinion  of  those  concerned  in  great  industrial  enterprises  and 
fully  alive  to  the  origin  and  effects  of  the  present  condition  of  things. 

I  have  been  careful  to  point  out  that  the  statement  that  our  industries 
are  suffering  from  our  relative  neglect  of  science  does  not  rest  on  my 
authority.  But  if  this  be  true,  then  if  our  annual  production  is  less  by  only 
two  millions  than  it  might  have  been,  having  two  millions  less  to  divide 
would  be  equivalent  to  our  having  forty  or  fifty  millions  less  capital  than 
we  should  have  had  if  we  had  been  more  scientific. 

Sir  John  Brunner,  in  a  speech  connected  with  the  Liverpool  School  of 
Tropical  Medicine,  stated  recently  that  if  we  as  a  nation  were  now  to 
borrow  ten  millions  of  money  in  order  to  help  science  by  putting  np 
buildings  and  endowing  professors,  we  should  get  the  money  back  in  the 
course  of  a  generation  a  hundredfold.  He  added  that  there  was  no  better 
investment  for  a  business  man  than  the  encouragement  of  science,  and 
that  every  penny  he  possessed  had  come  from  the  application  of  science 
to  commerce. 

According  to  Sir  Bobert  Giffen,  the  United  Kingdom  as  a  going 
concern  was  in  1901  worth  16,000,000,000/. 
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Were  we  to  put  aside  24,000,000/.  for  gradually  organising,  building, 
and  endowing  new  Universities,  and  making  the  existing  ones  more 
efficient,  we  should  still  be  worth  15,976,000,000/. — a  property  well  worth 
defending  by  all  the  means,  and  chief  among  these  brain-power,  we  can 
command. 

If  it  be  held  that  this,  or  anything  like  it,  is  too  great  a  price  to  pay 
for  correcting  past  carelessness  or  stupidity,  the  reply  is  that  the 
120,000,000/.  recently  spent  on  the  Navy,  a  sum  five  times  greater,  has 
been  spent  to  correct  a  sleepy  blunder,  not  one  whit  more  inimical  to  the 
future  welfare  of  our  country  than  that  which  has  brought  about  our 
present  educational  position.  We  had  not  sufficiently  recognised  what 
other  nations  had  done  in  the  way  of  ship-building,  just  as  until  now  we 
have  not  recognised  what  they  have  been  doing  in  University  building. 

Further,  I  am  told  that  the  sum  of  24,000,000/.  is  less  than  half  the 
amount  by  which  Germany  is  yearly  enriched  by  having  improved  upon  our 
diemical  industries,  owing  to  our  lack  of  scientific  training.  Many  other 
indnstries  have  been  attacked  in  the  same  way  since  ;  but  taking  this  one 
instance  alone,  if  we  had  spent  this  money  fifty  years  ago,  when  the 
Prince  Consort  first  called  attention  to  our  backwardness,  the  nation 
would  now  be  much  richer  than  it  is,  and  would  have  much  less  to  fear 
from  competition. 

Suppose  we  were  to  set  about  putting  our  educational  house  in  order, 
so  as  to  secure  a  higher  quality  and  greater  quantity  of  brain-power,  it 
would  not  be  the  first  time  in  history  that  this  has  been  done.  Both 
Pmssia  after  Jena  and  France  after  Sedan  acted  on  the  view  : — 

*  When  land  is  gone  and  money  spent, 
Then  learning  is  most  excellent.' 

After  Jena,  which  left  Prussia  a  '  bleeding  and  lacerated  mass,'  the  King 
and  hifl  wise  counsellors,  among  them  men  who  had  gained  knowledge 
from  Kant,  determined,  as  they  put  it,  *  to  supply  the  loss  of  territory  by 
intellectual  effort.' 

What  did  they  do  ?  In  spite  of  universal  poverty,  three  Universities, 
to  say  nothing  of  observatories  and  other  institutions,  were  at  once 
founded,  secondary  education  was  developed,  and  in  a  few  years  the 
mental  resources  were  so  well  looked  after  that  Lord  Palmerston  defined 
the  kingdom  in  question  as  '  a  country  of  damned  professors.' 

After  Sedan — a  battle,  as  Moltke  told  us,  *  won  by  the  schoolmaster ' — 
France  made  even  more  strenuous  efforts.  The  old  University  of  France, 
with  its  '  academies '  in  various  places,  was  replaced  by  fifteen  independent 
Universities,  in  all  of  which  are  faculties  of  letters,  sciences,  law  and 
medicine. 

The  development  of  the  University  of  Paris  has  been  truly  marvellous. 
In  1897-8  there  were  12,000  students,  and  the  cost  was  200,000/.  a  year. 

But  even  more  wonderful  than  these  examples  is  the  *  intellectual 
effort '  made  by  Japan,  not  after  a  war,  but  to  prepare  for  one.  .    ^^^  ^^ ,  ^ 
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The  question  is,  Shall  we  wait  for  a  disaster  and  then  imitate  Prussia 
and  France ;  or  shall  we  follow  Japan  and  thoroughly  prepare  by 
*  intellectual  effort  *  for  the  industrial  struggle  which  lies  before  us  1 

Such  an  effort  seems  to  me  to  be  the  first  thing  any  national  or 
imperial  scientific  organisation  should  endeavour  to  bring  about, 

Research. 

When  dealing  with  our  Universities  I  referred  to  the  importance  of 
research,  as  it  is  now  generally  acknowledged  to  be  the  most  powerful 
engine  of  education  that  we  possess.  But  education,  after  all,  is  but  a 
means  to  the  end,  which,  from  the  national  point  of  view,  is  the  application 
of  old  and  the  production  of  new  knowledge. 

Its  national  importance  apart  from  education  is  now  so  generally 
recognised  that  in  all  civilised  nations  except  our  own  means  of  research 
are  being  daily  more  amply  provided  for  all  students  after  they  have 
passed  through  their  University  career  ;  and,  more  than  this,  for  all  who 
can  increase  the  country's  renown  or  prosperity  by  the  making  of  new 
knowledge,  upon  which  not  only  commercial  progress,  but  all  intellectual 
advance  must  depend. 

I  am  so  anxiouB  that  my  statement  of  our  pressing,  and  indeed  im- 
perative, needs  in  this  direction  should  not  be  considered  as  resting  upon 
the  possibly  interested  opinion  of  a  student  of  science  merely  that  I  must 
trouble  you  with  still  more  quotations. 

Listen  to  Mr.  Balfour  : — 

'  I  do  not  believe  that  any  man  who  looks  round  the  equipment  of  our 
Universities  or  medical  schools  or  other  places  of  education  can  honestly 
say  in  his  heart  that  we  have  done  enough  to  equip  research  with  all  the 
costly  armoury  which  research  must  have  in  these  modem  days.  We, 
the  richest  country  in  the  world,  lag  behind  Germany,  France,  Switzer- 
land, and  Italy.  Is  it  not  disgraceful  ?  Are  we  too  poor  or  are  we  too 
stupid  ? '  1 

It  is  imagined  by  many  who  have  given  no  thought  to  the  matter 
that  this  research  should  be  closely  allied  with  some  application  of  science 
being  utilised  at  the  time.  Nothing  could  be  further  from  the  truth  ; 
nothing  could  be  more  unwise  than  such  a  limitation. 

Surely  all  the  laws  of  Nature  will  be  ultimately  of  service,  and  there- 
fore there  is  much  more  future  help  to  be  got  from  a  study  of  the 
unknown  and  the  unused  than  we  can  hope  to  obtain  by  continuing  the 
study  of  that  which  is  pretty  well  known  and  utilised  already.  It  was  a 
King  of  France,  Louis  XIV.,  who  first  commended  the  study  of  the 
771^771^  inutile.  The  history  of  modem  science  shows  us  more  and  more  as 
the  years  roll  on  the  necessity  and  advantage  of  such  studies,  and  there- 
fore the  importance  of  properly  endowing  them  ;  for  the  production  of  new 
knowledge  is  a  costly  and  unremunerative  pursuit. 

»  Nature,  May  30, 1901. 
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Yean  ago  we  had  Faraday  apparently  wasting  his  energies  and 
time  in  playing  with  needles  ;  electricity  now  fills  the  world.  To- day 
men  of  science  in  all  lands  are  studying  the  emanations  of  radium  ; 
no  research  could  be  more  abstract ;  but  who  knows  what  advance 
io  haman  thought  may  follow  or  what  gigantic  world-transforming 
BuperBtructure  may  eventually  be  raised  on  the  minute  foundation  they 
are  laying  I 

If  we  so  organise  our  teaching  forces  that  we  can  use  them  at  all 
stages,  from  the  gutter  to  the  University,  to  sift  out  for  us  potential  Fara- 
days — to  utilise  the  mental  products  which  otherwise  would  be  wasted- 
it  is  only  by  enabling  such  men  to  continue  their  learning  after  their 
teaching  is  over  that  we  shall  be  able  to  secui*e  the  greatest  advantage 
which  any  educational  system  can  afford. 

It  is  now  more  than  thirty  years  ago  that  my  attention  was  specially 
drawn  to  this  question  of  the  endowment  of  research — first,  by  conversa- 
tions with  M.  Dumas,  the  permanent  secretary  of  the  Academy  of 
Sciences,  who  honoured  me  by  his  friendship ;  and,  secondly,  by  my 
aCTOciation  with  Sir  Benjamin  Brodie  and  Dr.  Appleton  in  their  en- 
deavours to  call  attention  to  the  matter  in  this  country.  At  that  time 
a  general  scheme  of  endowment  suggested  by  Dumas  was  being  carried 
oat  by  Doruy.  This  took  the  form  of  the  ^  £cole  sp^iaJe  des  Hautes 
iltudes';  it  was  what  our  fellowship  system  was  meant  to  be — 6tn 
endowment  of  the  research  of  post-graduate  students  in  each  seat  of 
learning.     The  French  effort  did  not  begin  then. 

I  may  here  tell,  as  it  was  told  me  by  Dumas,  the  story  of  L^n 
Fomcaolt,  whose  many  discoveries  shed  a  glory  on  France  and  revived 
Flinch  industry  in  many  directions.^  In  1851,  when  Prince  Napoleon 
was  President  of  the  Republic,  he  sent  for  Dumas  and  some  of  hifi 
colleagues,  and  told  them  that  during  his  stay  in  England,  and  after- 
wards in  bis  study  of  the  Great  Exhibition  of  that  year,  he  had  found 
there  a  greater  industrial  development  than  in  France,  and  more  applica- 
tions of  science,  adding  that  he  wished  to  know  how  such  a  state  of  things 
could  be  at  once  remedied.  The  answer  was  that  new  applications 
depended  upon  new  knowledge,  and  that  therefore  the  most  direct  and 
immediate  way  was  to  find  and  encourage  men  who  were  likely  by 
research  in  pure  science  to  produce  this  new  knowledge.  The  Prince* 
President  at  once  asked  for  names ;  that  of  L^n  Foucault  was  the  only 
one  mentioned  during  the  first  interview. 

Some  time  afterwards — to  be  exacts  at  about  eleven  in  the  morn- 
ing of  December  2 — Dumas's  servant  informed  him  that  there  was 
a  gentleman  in  the  hall  named  Foucault^  who  wished  to  see  him,  and  he 
added  that  he  appeared  to  be  very  ill.  When  shown  into  the  study, 
Foncanlt  was  too  agitated  to  speak,  and  was  blind  with  tears.  His  reply 
to  Dumas's  soothing  questions  was  to  take  from  his  pockets  two  rolls  of 

»  See  Proc,  -R.  ^.,  vol,  xvii.  p.  Ixxxiii. 
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banknotes,  amounting  to  200,000  francs,  and  place  tbem  on  the  table. 
Finally,  he  was  able  to  say  that  he  had  been  with  the  Prince-President 
since  eight  o'clock  that  morning,  discussing  the  possible  improvement  of 
French  science  and  industry  ;  and  that  Napoleon  had  finally  given  him 
the  money,  requesting  him  to  do  all  in  his  power  to  aid  the  State. 
Foucault  ended  by  saying  that,  on  realising  the  greatness  of  the  task  thus 
imposed  upon  him,  his  fears  and  feelings  had  got  the  better  of  him,  for 
the  responsibility  seemed  more  than  he  could  bear.^ 

The  movement  in  England  to  which  I  have  referred  began  in  1872, 
when  a  society  for  the  organisation  of  academical  study  was  formed  in 
connection  with  the  inquiry  into  the  revenues  of  Oxford  and  Cambridge, 
and  there  wets  a  famous  meeting  at  the  Freemasons'  Tavern,  Mark 
Pattison  being  in  the  chair.  Brodie,  Rolleston,  Carpenter,  Burdon- 
Sanderson,  were  among  the  speakers,  and  the  first  resolution  carried  was, 
'  That  to  have  a  class  of  men  whose  lives  are  devoted  to  research  is 
a  national  object.*  The  movement  died  in  consequence  of  the  want  of 
sympathy  of  the  University  authorities.* 

In  the  year  1874  the  subject  was  inquired  into  by  the  late  Duke  of 
Devonshire's  Commission  ;  and  after  taking  much  remarkable  evidence, 
including  that  of  Lord  Salisbury,  the  Commission  recommended  to  the 
Government  that  the  then  grant  of  1,000/.,  which  was  expended,  by  a 
committee  appointed  by  the  Boyal  Society,  on  instruments  needed  in 
researches  carried  on  by  private  individuals,  should  be  increased,  so  that 
personal  grants  should  be  made.  This  recommendation  wets  accepted  and 
acted  on ;  the  grant  was  increased  to  4,000/.,  and  finally  other  societies 
were  associated  with  the  Royal  Society  in  its  administration.  The 
committee,  however,  was  timorous,  possibly  owing  to  the  apathy  of  the 
Universities  and  the  general  carelessness  on  such  matters,  and  only  one 
personal  grant  was  made  ;  the  whole  conception  fell  through. 

Meantime,  however,  opinion  has  become  more  educated  and  alive  to  the 
extreme  importance  of  research  to  the  nation,  and  in  1891  a  suggestion  was 
made  to  the  Royal  Commission  which  administers  the  proceeds  of  the  1851 
Exhibition  that  a  sum  of  about  6,000/.  a  year  available  for  scholarships 
should  be  employed  in  encouraging  post-graduate  research  throughout  the 
whole  Empire.  As  what  happened  is  told  in  the  Memoirs  of  Lord  Play- 
fair,  it  is  not  indiscreet  in  me  to  state  that  when  I  proposed  this  new  form 
of  the  endowment  of  research  it  would  not  have  surprised  me  if  the 
suggestion  had  been  declined.     It  was  carried  through  by  Lord  Playfair's 

*  In  order  to  show  how  history  is  written,  what  actually  happened  on  a  fateful 
morning  may  be  compared  with  the  aoconnt  given  by  Kinglake :  *  Prince  Lonis  rode 
home  and  went  in  out  of  sight.  Then  for  the  most  part  he  remained  close  shat  up 
in  the  Elys6e.  There,  in  an  inner  room,  still  decked  in  red  trousers,  but  with  his 
back  to  the  daylight,  they  say  he  sat  bent  orer  a  fireplace  for  hours  and  hours 
together,  resting  his  elbows  on  his  knees,  and  burying  his  face  in  his  bands,*  — 
Crimean  War,  toL  i.  p.  245. 

»  Be©  ^^ature^  November  and  December,  1878. 
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•nthusiastic  support.     This  system  has  been  at  work  ever  sinoe,  and  the 
good  that  has  been  done  by  it  is'  now  generally  conceded. 

It  is  a  supreme  satisfaction  to  me  to  know  that  in  this  present  year  of 
grace  the  national  importance  of  the  study  of  the  mSme  inutile  is  more 
generally  recognised  than  it  was  during  the  times  to  which  I  have  referred 
in  my  brief  survey ;  and,  indeed,  we  students  are  fortunate  in  having  on 
our  side  in  this  matter  two  members  of  His  Majesty's  Government,  who 
two  years  ago  spoke  with  no  uncertain  sound  upon  this  matter  : — 

*  Do  we  lack  the  imagination  required  to  show  what  these  apparently 
remote  and  abstract  studies  do  for  the  happiness  of  mankind  ?  We  can 
appreciate  that  which  obviously  and  directly  ministers  to  human  advance- 
ment and  felicity,  but  seem,  somehow  or  another,  to  be  deficient  in  that 
higher  form  of  imagination,  in  that  longer  sight,  which  sees  in  studies 
which  have  no  obvious,  necessary,  or  immediate  result  the  foundation  of 
the  knowledge  which  shall  give  far  greater  happiness  to  mankind  than 
any  immediate,  material,  industrial  advancement  cau  possibly  do  ;  and  I 
fear,  and  greatly  fear,  that,  lacking  that  imagination,  we  have  allowed 
ourselves  to  lag  in  the  glorious  race  run  now  by  civilised  countries  in 
pursuit  of  knowledge,  and  we  have  permitted  ourselves  so  far  to  too 
large  an  extent  to  depend  upon  others  for  those  additions  to  our  know- 
ledge which  surely  we  might  have  made  for  ourselves.'  ^ 

*  I  would  remind  you  that  all  history  shows  that  progress — national 
progress  of  every  kind —depends  upon  certain  individuals  rather  than 
upon  the  mass.  Whether  you  take  religion,  or  literature,  or  political 
^▼eminent,  or  art^  or  commerce,  the  new  ideas,  the  great  steps,  have 
been  made  by  individuals  of  superior  quality  and  genius,  who  have,  as  it 
were,  dragged  the  mass  of  the  nation  up  one  step  to  a  higher  level.  So  it 
miist  be  in  regard  to  material  progress.  The  position  of  the  nation 
to-day  is  due  to  the  efforts  of  men  like  Watt  and  Arkwright,  or,  in  our 
own  time,  to  the  Armstrongs,  the  Whitworths,  the  Kelvins,  and  the 
Siemenses.  These  are  the  men  who,  by  their  discoveries,  by  their 
remarkable  genius,  have  produced  the  ideas  upon  which  others  have  acted 
and  which  have  permeated  the  whole  mass  of  the  nation  and  affected  the 
whole  of  its  proceedings.  Therefore  what  we  have  to  do,  and  this  is  our 
special  task  and  object,  is  to  produce  more  of  these  great  men.'  ^ 

I  finally  come  to  the  political  importance  of  research.  A  country's 
research  is  as  important  in  the  long  run  as  its  battleships.  The  most 
eloquent  teaching  as  to  its  national  value  we  owe  to  Mr.  Carnegie,  for  he 
has  given  the  sum  of  2,000,000/.  to  found  a  system  of  endowments,  his 
chief  purpose  being,  in  his  own  words,  *  to  secure  if  possible  for  the  United 
States  of  America  leadership  in  the  domain  of  discovery  and  the  utilisation 
of  new  forces  for  the  benefit  of  man.' 


»  Mr.  Balfour,  ydtvre,  May  30,  1901. 

>  Mr.  Chamberlain,  Times,  January  18, 1901, 
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Here  is  a  distinct  challenge  to  Britain.  Judging  by  experience  in 
this  country,  in  spite  of  the  magnificent  endowment  of  research  by  Mond 
and  Lord  Iveagh,  the  only  source  of  possible  competition  in  the  BriUsh 
interest  is  the  State,  which  certainly  could  not  put  the  1 /8,000th  part 
of  the  accum'ulated  wealth  of  the  country  to  better  use  ;  for  without  such 
help  both  our  Universities  and  our  battleships  will  become  of  rapidly 
dwindling  importance. 

It  is  on  this  ground  that  I  have  included  the  importance  of  endowing 
research  among  the  chief  points  to  which  I  have  been  anxious  to  draw 
your  attention. 

The  Need  of  a  Scientifio  National  Council, 

In  referring  to  the  new  struggle  for  existence  among  civilised  com- 
munities I  pointed  out  that  the  solution  of  a  large  number  of  scientifio 
problems  is  now  daily  required  for  the  State  service,  and  that  in  this  and 
other  ways  the  source  and  standard  of  national  efficiency  have  been 
greatly  changed. 

Much  evidence  bearing  upon  the  amount  of  scientifio  knowledge 
required  for  the  proper  administration  of  the  public  departments,  and  the 
amount  of  scientific  work  done  by  and  for  the  nation,  was  brought  before 
the  Royal  Commission  on  Science  presided  over  by  the  late  Duke  of 
Devonshire  now  more  than  a  quarter  of  a  century  ago. 

The  Commission  unanimously  recommended  that  the  State  should  be 
aided  by  a  scientific  council  in  facing  the  new  problems  constantly 
arising. 

But  while  the  home  Government  has  apparently  made  up  its  mind  to 
neglect  the  advice  so  seriously  given,  it  should  be  a  source  of  gratification 
to  us  all  to  know  that  the  application  of  the  resources  of  modem  science 
to  the  economic,  industrial,  and  agricultural  development  of  India  has  for 
many  years  engaged  the  earnest  attention  of  the  Government  of  that 
country.  The  Famine  Commissioners  of  1878  laid  much  stress  on  the 
institution  of  scientific  inquiry  and  experiment  designed  to  lead  to  the 
gradual  increase  of  the  food -supply  and  to  the  greater  stability  of  agri- 
cultural outturn,  while  the  experience  of  recent  years  has  indicated*  the 
increasing  importance  of  the  study  of  the  economic  products  and  mineral^ 
bearing  tracts. 

Lord  Curzon  has  recently  ordered  the  heads  of  the  various  scientifio 
departments  to  form  a  board,  which  shall  meet  twice  annually,  to  bc^n 
with,  to  formulate  a  programme  and  to  review  past  work.  The  board  is 
also  to  act  as  an  advisory  committee  to  the  Government,^  providing 
among  other  matters  for  the  proper  co-ordination  of  all  matters  of  scientific 
inquiry  affecting  India's  welfare. 

Lord  Curzon  is  to  be  warmly  congratulated  upon  the  step  he  has 
taken,  which  is  certain  to  bring  benefit  to  our  great  Dependency. 

»  Nature^  September  4, 1902, 
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The  importance  of  such  a  hoard  is  many  times  greater  at  home,  with 
60  many  external  as  well  as  internal  interests  to  look  after — problems 
common  to  peace  and  war,  problems  requiring  the  help  of  the  economio 
as  well  as  of  the  physical  sciences. 

It  may  be  asked,  What  is  done  in  Germany,  where  science  is  fostered 
and  utilised  far  more  than  here  ? 

The  answer  is,  There  is  such  a  council.  I  fancy,  very  much  like  what 
our  Privy  Council  once  was.  It  consists  of  representatives  of  the  Ministry, 
the  XJnivei^ties,  the  industries,  and  agriculture.  It  is  small,  consisting  of 
about  a  dozen  members,  consultative,  and  it  reports  direct  to  the  Emperor. 
It  does  for  industrial  war  what  military  and  so-called  defence  councils  do 
for  national  armaments  ;  it  considers  everything  relating  to  the  use  of 
brain-power  in  peace — from  alterations  in  school  regulations  and  the 
organisation  of  the  Universities,  to  railway  rates  and  fiscal  schemes, 
including  the  adjustment  of  duties.  I  am  informed  that  what  this 
council  advises,  generally  becomes  law. 

It  should  be  pretty  obvious  that  a  nation  so  provided  must  have 
enormous  chances  in  its  favour.  It  is  a  question  of  drilled  battalions 
against  an  undisciplined  army,  of  the  use  of  the  scientific  spirit  as  opposed 
to  the  hope  of  '  muddling  through.' 

Mr.  Haldane  has  recently  reminded  us  that  Hhe  weapons  which 
science  places  in  the  hands  of  those  who  engage  in  great  rivalries  of 
commerce  leave  those  who  are  without  them,  however  brave,  as  badly 
off  as  were  the  dervishes  of  Omdurman  against  the  maxims  of  Lord 
Kitchener.' 

Without  such  a  machinery  as  this,  how  can  our  Ministers  and  our  rulers 
be  kept  completely  informed  on  a  thousand  things  of  vital  importance  ? 
Why  should  our  position  and  requirements  as  an  industrial  and  thinking 
nation  receive  less  attention  from  the  authorities  than  the  headdress  of 
the  Guards  ?  How,  in  the  words  of  Lord  Curzon,^  can  *  the  life  and 
vigour  of  a  nation  be  summed  up  before  the  world  in  the  person  of  its 
sovereign'  if  the  national  organisation  is  so  defective  that  it  has  no 
means  of  keeping  the  head  of  the  State  informed  on  things  touching  the 
most  vital  and  lasting  interests  of  the  country  ?  We  seem  to  be  still  in 
Uie  Palaeolithic  Age  in  such  matters,  the  chief  difference  being  that  the 
sword  has  replaced  the  flint  implement. 

Some  may  say  that  it  is  contrary  to  our  habit  to  expect  the 
Government  to  interest  itself  too  much  or  to  spend  money  on  matters 
relating  to  peace  ;  that  war  dangers  are  the  only  ones  to  be  met  or  to  be 
studied. 

But  this  view  leaves  science  and  the  progress  of  science  out  of  the 
question.  Every  scientific  advance  is  now,  and  will  in  the  future  be 
more  and  more,  applied  to  war.  It  is  no  longer  a  question  of  an  armed 
force  with  scientific  corps  ;  it  is  a  question  of  an  armed  force  scientific 
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from  top  to  bottom.  Thank  God  the  Navy  has  already  found  this  out. 
Science  will  ultimately  rule  all  the  operations  both  of  peace  and  war,  and 
therefore  the  industrial  and  the  Bghting  population  must  both  have  a 
large  common  ground  of  education.  Already  it  is  not  looking  too  far 
ahead  to  see  that  in  a  perfect  State  there  will  be  a  double  use  of  each 
citizen — a  peace  use  and  a  war  use  ;  and  the  more  science  advances,  the 
more  the  old  difference  between  the  peaceful  citizen  and  the  man  at  arms 
will  disappear.  The  barrack,  if  it  still  exists,  and  the  workshop  will  be 
assimilated  ;  the  land  unit,  like  the  battleship,  will  become  a  school  of 
applied  science,  self-contained,  in  which  the  officers  will  be  the  efficient 
teachers. 

I  do  not  think  it  is  yet  recognised  how  much  the  problem  of  national 
defence  has  thus  become  associated  with  that  with  which  we  are  now 
chiefly  concerned. 

These,  then,  are  some  of  the  reasons  which  compel  me  to  point  out 
that  a  scientific  council,  which  might  be  a  scientific  committee  of  the  Privy 
Council,  in  dealing  primarily  with  the  national  needs  in  times  of  peace, 
would  be  a  source  of  strength  to  the  nation. 

To  sum  up,  then.  My  earnest  appeal  to  you  is  to  gird  up  your  loins 
and  see  to  it  that  the  science  of  the  British  Empire  shall  no  longer  remain 
unorganised.  I  have  endeavoured  to  point  out  to  you  how  the  nation  at 
present  suffers  from  the  absence  of  a  powerful,  continuous,  reasoned  expres- 
sion of  scientific  opinion,  urging  in  season  and  out  of  season  that  we  shall 
be  armed  as  other  nations  are,  with  efficient  Universities  and  facilities 
for  research  to  uphold  the  flag  of  Britain  in  the  domain  of  learning  and 
discovery,  and  what  they  alone  can  bring. 

I  have  also  endeavoured  to  show  how,  when  this  is  done,  the  nation 
will  still  be  less  strong  than  it  need  be  if  there  be  not  added  to  our  many 
existing  councils  another,  to  secure  that  even  during  peace  the  benefits 
which  a  proper  coordination  of  scientific  effort  in  the  nation's  interest  can 
bring  shall  not  be  neglected  as  they  are  at  present. 

Lest  some  of  you  may  think  that  the  scientific  organisation  which  I 
trust  you  will  determine  to  found  would  risk  success  in  working  on  such 
large  lines,  let  me  remind  you  that  in  1859,  when  the  late  Prince 
Consort  occupied  this  Chair,  he  referred  to  ^  impediments '  to  scientific 
progress,  and  said,  *  they  are  often  such  as  can  only  be  successfully  dealt 
with  by  the  powerful  arm  of  the  State  or  the  long  purse  of  the  nation.' 

If  the  Prince  Consort  had  lived  to  continue  his  advocacy  of  science, 
our  position  to-day  would  have  been  very  different.  His  early  death  was 
as  bad  for  Britain  as  the  loss  of  a  great  campaign.  If  we  cannot  make 
up  what  we  have  lost,  matters  cannot  mend. 

I  have  done  what  I  feel  to  be  my  duty  in  bringing  the  present  condition 
of  things  before  you.  It  is  now  your  duty,  if  you  agree  with  me,  to  see 
that  it  be  put  right.    You  can  if  you  will, 
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InvesUgaiian  of  the  Vpper  Atmosphere  by  Mecms  of  Kites  hi  co-^opero/- 
iion  with  o^  Committee  qf  the  Royal  Meteorological  Society. — Second 
Report  cf  the  Chmmittee,  consistiny  of  Dr.  W.  N.  Shaw  (Chairman), 
Mr.  W.  H.  Dines  (Secretary)^  Mr.  D.  Archibald,  Mr.  C.  Vernon 
Boys,  Dr.  A.  Buchan,  Dr.  R.  T.  Glazebrook,  Dr.  H.  R.  Mill, 
arid  Professor  A.  Schuster.     {Brawn  up  by  tJie  Secretary.) 

The  results  of  last  year's  work  have  been  published ;  a  description  of  the 
apparatus  and  methods  employed  being  given  in  the  '  Quarterly  Journal 
of  the  Royal  Meteorological  Society/  vol.  xxix.,  No.  126,  p.  65  ;  and  a 
discussion  of  the  results  obtained,  in  a  paper  by  Dr.  Shaw  and  Mr.  W.  H. 
Dines,  which  appears  in  the  'Philosophical  Transactions  of  the  Royal 
Society,'  series  a,  vol.  ccii.,  1903. 

The  apparatus  used  at  Crinan  last  year  was  erected  at  Oxshott  in  the 
autumn,  and  it  was  hoped  that  to  a  limited  extent  the  observations  might 
be  continued  Uiere  ;  but  before  the  end  of  October  the  wire  was  accident- 
ally dropped  across  the  main  road  leading  from  Esher  to  Leatherhead. 
Fortunately  the  wire  rested  on  trees  on  both  sides  of  the  road  ;  but  before 
it  could  be  removed  many  carriages  and  bicyclists  had  passed  under  it. 
This  accident  convinced  us  that  it  would  be  unwise  to  continue  the  work 
at  Oxshott,  excepting  for  winds  between  south  and  north-west.  The 
winter  has  been  devoted  to  an  endeavour  to  improve  the  apparatus.  This 
has  been  accomplished  :  a  new.  winding>gear  has  been  constructed,  which 
■o  far  has  given  every  satisfaction,  and  the  details  of  the  construction  of 
the  kites  have  been  altered,  so  that  they  exert  a  more  uniform  pull  and 
aeem  to  be  more  reliable.  The  apparatus  was  brought  to  Crinan  at  the 
begimiing  of  August,  and  in  view  of  the  uncertainty  about  obtaining  a 
▼enel,  was  erected  on  the  same  island  as  last  year.  The  apparatus  in  the 
possession  of  the  Committee  now  consists  of — 

L  Engine,  boiler,  and  winding-gear  used  last  year. 

n.  New  winding-gear. 

in.  About  14  mHes  of  wire,  six  of  which  have  been  purchased  this 
year. 

IV.  Ten  kites  7  feet  6  inches  high ;  three  kites  9  feet  high  ;  materials 
of  a  kite  12  feet  high.  .    ooal^ 
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V.  Two  self -recording  instruments  made  by  Mons.  Tesser^nc  de  BortJ 

VI.  Spare  bamboo  sticks,  &c.,  for  repairs. 

The  old  winding-gear  is  hardly  reliable,  but  many  of  the  parts  will  be 
available  for  making  another. 

Application  was  made  to  the  Government  Grant  Committee  of  the 
Royal  Society  for  a  grant  of  250^.  for  the  hire  of  a  vesseL  On  the 
suggestion  of  this  Committee  the  Admiralty  were  asked  to  lend  a  vessel 
for  the  purpose,  and  they  kindly  consented  to  do  so  ;  but  anfortu^ 
nately  the  vessel  they  proposed  to  place  at  the  disposal  of  the  Kite 
Committee  has  met  with  an  accident  and  is  unavailable.  The  Royal 
Society  have,  however,  made  a  grant  of  200^.,  and  the  Committee  are  now 
endeavouring  to  hire  a  suitable  vessel. 

Addendum  to  the  Report  of  the  Kite  Committee. 

Great  difficulty  has  been  experienced  in  obtaining  a  suitable  vessel 
owing  to  the  lateness  of  the  time  at  which  inquiries  about  one  were 
instituted  and  to  the  fact  that  July  and  August  are  the  yachting  season. 
A  steam  tug,  the  '  Renown,'  has  been  hired  for  a  month,  and  reached 
Orinan  on  August  13.  The  apparatus  was  fitted  on  board  by  the  evening 
of  the  14th,  and  since  then  oaily  ascents  have  been  made.  No  great 
height  (over  C,000  feet)  has  been  reached,  for  the  weather  has  been  of  the 
most  unfavourable  description  for  kite  flying ;  but  one  very  interesting 
trace  has  been  obtained — namely,  that  of  August  20,  when  the  kite  was 
drawn  in  from  a  height  of  4,500  feet  during  a  sudden  and  unexpected 
thunderstorm  which  was  accompanied  by  extremely  violent  rain  and 
hail. 


Magnetic  Ohservaiions  at  Falmouth, — "Report  of  the  Committee^  con* 
eistiThg  of  Sir  W.  H.  Prbece  (Chairman) j  Dr.  R  T.  Glazebrook 
{Secretary)^  Professor  W.  G.  Adams,  Captain  Creak,  Mr.  W.  L, 
Fox,  Professor  A.  Schuster,  and  Sir  A.  W.  RCcker,  appointed 
to  co-operate  with  the  Committee  of  the  Falmouth  Observatory  in 
their  Magnetic  Observations. 

The  Committee  report  that  the  grant  voted  at  the  last  meeting  has  been 
used  in  support  of  the  ordinary  magnetic  work  of  the  Falmouth  Observa* 
tory,  and  that  records  of  the  horizontal  iorce,  the  declination,  and  the 
vertical  force  have  been  kept  during  the  year.  The  curves  up  to 
December  31,  1902,  have  been  examined  at  Kew,  and,  specially  in  view  of 
the  disturbed  state  of  the  Kew  instruments  and  the  uncertainty  as  to 
the  future  magnetic  observatory  to  replace  Kew,  have  a  real  value. 

The  results  for  the  quiet  days  are  published  in  the  Report  of  the 
Falmouth  Observatory,  and  will  be  reprinted  in  the  Proceedings  of  the 
Royal  Society. 

The  vertical  force  instrument  to  which  reference  was  made  in  the 
last  report  has  worked  in  a  fairly  satisfactory  manner  during  the  year. 

In  conclusion  the  Committee  ask  for  reappointment  with  a  further 

>  A  third  is  promised  by  him  and  expected  shortly,         , 
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giiUit  ot  60/.  The  reasons  for  this  request  are  in  the  main  the  same 
as  last  year.  It  has  not  jet  been  found  possible  to  establish  the  new 
magnetic  observatory  and  to  remove  the  recording  instruments  from  Kew, 
though  the  Committee  are  informed  that  progress  has  been  made  in  the 
arrangements  for  this ;  at  the  same  time  electric  traction  has  increased 
greatly  in  the  neighbourhood  of  Kew,  and  the  records  are  in  consequence 
very  seriously  dbturbed.  Thus  the  Falmouth  records  are  of  special  im- 
portance to  science  just  now. 


Experiments  far  imp'oving  the  GcyiutrucUon,  of  Practical  Standards  for 
Eledrioal  Measurements. — Report  of  the  OommUteey  consisting 
o/Lord  Bayleigh  (Chairman),  Dr.  R.  T.  Glazebrook  (8ecreta/ry)^ 
Lord  Kelvin,  Professors  W.  E.  Ayrtok,  J.  Perry,  W.  Q. 
Adams,  and  G.  Carey  Foster,  Sir  Oliver  J.  Lodge,  Dr.  A. 
Muirhead,  Sir  W.  H.  Prebce,  Professors  J.  D.  Everett,  A. 
Schucter,  J.  A.  Fleming,  and  J.  J.  Thomson,  Dr.  W.  N.  Shaw, 
Dr.  J.  T.  Bottomley,  Bev.  T.  C.  Pitzpatrick,  Dr.  G.  Johnstone 
Stoney,  Professor  S.  P.  Thompson,  Mr.  J.  Bennie,  Dr.  E,  H. 
Grifffths,  Sir  A.  W.  BOcker,  Professor  H.  L.  Callendar, 
cwid  Mr.  George  Matthey. 

▲PrCCDICBS  PAOl 

L  On  the  Values  of  the  Rstistojice  of  certain  Standard  CoiU  of  the  British 
Atsooiatum,  By  F.  E.  Smith.  (From  the  NatUmaX  Fhytioal  Labora- 
tory)   38 

n.  On  some  new  Meroury  Standards  of  Resista/nce,    By  F.  E.  Smith.    {From 

the  National  Physical  Laboratory) 44 

IIL  On  the  Platinum  Thermometers  of  the  British  Association.    By  J.  A. 

Habkbb,  2>.&;.    {From  the  National  Physical  Laboratory)    ...      46 
rv.  Table  of  the  Besistance  found  for  Pure  Annealed  Co^^er      .        .        .        .61 

During  the  year  a  very  complete  comparison  of  the  resistance  standards 
belonging  to  the  Association  has  been  carried  out,  and  the  standards  have 
been  compared  with  those  of  the  Reichsanstalt  and  of  the  Board  of  Trade. 

The  various  units  discussed  in  the  report  are  :  (1)  The  *  ohm,' 
10*  C.G.S.  units  of  resistance  ;  (2)  the  international  ohm — viz.,  the  resist- 
ance at  0°  C.  of  a  column  of  mercury  of  uniform  section  106*3  cm.  in  length 
and  14*4521  grammes  in  mass;  (3)  the  original  B.A.  unit;  (4)  the 
Board  of  Trade  unit,  supposed  to  represent  the  international  ohm,  but 
constructed  in  1891  so  as  to  be  equal  to  1*01358  B.A.  units  ;  (5)  the 
N.P.L.  unit  defined  as  No.  4,  as  deduced  from  the  wire  standards  of  the 
Association ;  (6)  the  Reichsanstalt  unit,  constructed  at  the  Reichsanstalt 
to  represent  the  international  ohm  ;  (7)  the  mercury  tubes,  constructed 
at  the  National  Physical  Laboratory  to  represent  the  international  ohm. 

A  full  account  of  this  comparison  is  given  in  Appendix  I.  to  the  report, 
by  Mr.  F.  E.  Smith,  of  the  National  Physical  Laboratory.  It  appears 
from  this  that  changes  have  shown  themselves  in  all  the  original  platinum- 
silver  coils.  The  relative  values  of  these  coils  are  discussed  in  the  Reports 
of  the  Committee  for  1888,  1890,  and  1892.  The  1888  report  contains  a 
very  complete  comparison  of  all  the  coils,  not  merely  those  of  platinum- 
silver  ;  and  it  is  there  shown  that  they  then  agreed  with  the  values 
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assigned  to  them  by  Fleming  in  1881.  The  conclusion  is  also  drawn  in  the 
same  report  that,  with  the  exception  of  the  platinum-iridinm  coils  A  and 
B,  no  really  certain  variations  could  be  traced  in  the  other  coils  between 
the  results  of  Matthiessen  and  Hockins's  comparisons  in  1864  and  1867, 
those  of  Chrystal  in  1876,  Fleming  in  1 881,  and  the  present  Secretary  ^  in 
1888.  A  postcript  to  the  Report  for  1888  recorded,  however,  an  appre- 
ciable change  in  the  coil  F  in  the  autumn  of  that  year. 

In  Appendix  I.  Mr.  Smith  starts  with  the  values  given  in  the  18SS 
Report,  which  are,  as  nearly  as  we  can  tell,  the  original  values  of  the 
coils. 

Changes  in  the  three  standards  F,  G,  H  have  already  been  recorded 
in  previous  Reports  (1890  and  1892).  The  standard  coil  Flat  remained 
unchanged  in  value  until  1901-1902.  Between  the  observations  recorded 
in  these  years  it  increased  in  resistance  by  17  x  10~~^  B.A.U.,  and  has  not 
varied  since. 

The  alterations  in  the  other  coils  since  the  comparisons  in  1888  have 
been  as  follows  : — 

F.  +  97xl0-«B.AU. 
G.-H  33x10-*     „ 
H.  + 18x10-*     „ 

It  should  however  be  noted  that,  while  between  1888  and  1890  the 
change  in  F  was  +64x10"*  B.AU.,  that  in  G  was —27  x  10"*,  and 
in  H  —13x10"*.  Since  1890  the  same  coils  changed  by  +33x10"^ 
4-54  x  10"*,  and  +31  x  10"*  B.A.U.  respectively,  while  between  1901  and 
1902  Flat,  as  has  already  been  stated,  rose  by  17  x  10-*  B.A.IT. 

It  is  not  easy  to  trace  the  causes  of  these  changes.  In  the  case  of  Flat 
the  observations  in  1901  were  made  at  Kew,  those  in  1902  at  Bushy 
House,  and  the  change  may  in  some  way  be  connected  with  the  removal 
of  the  coils.  The  changes  in  F,  G,  H  first  showed  themselves  after  the 
coils  had  been  subject  to  a  very  low  temperature,  and  may  have  been 
started  by  strains  due  to  this. 

Appendix  I.  gives  the  details  on  which  these  various  statements  are 
based.  It  appears  also  from  the  same  Appendix  that  the  new  platinum - 
silver  ohm  standards  of  the  Association  have  retained  their  vsJues  since 
1898  practically  unchanged. 

The  comparison  between  the  standards  of  the  Association  and  those 
of  the  Reichsanstalt  leads  to  the  result  that  the  unit  of  the  Association 
(No.  5  of  those  defined  above)  is  less  than  that  of  the  Reichsanstalt 
(No.  6)  by  -000105  ohm.  This  result  is  deduced  (Table  IX.  of  Appendix  I.) 
from  a  series  of  extremely  concordant  measures  on  coils  of  value  0*1,  1, 
10,  100,  1,000,  and  10,000  ohms;  thus  both  the  unit  and  the  multiple 
coils  agree  in  giving  the  same  difference  between  the  Reichsanstalt  and 
ourselves. 

By  the  kindness  of  Mr.  Trotter  a  comparison  has  been  made  between 
the  Board  of  Trade  unit  and  those  of  the  Association,  wiUi  the  result 
that,  as  deduced  from  the  unit  coils,  the  Board  of  Trade  unit  is  less  than 
that  of  the  Association  by  '00006  ohm.  This  result,  however,  is  not 
confirmed  by  a  comparison  of  a  1,000-ohm  coil  belonging  to  the  Associa« 

'  It  is  possible  that  coil  F  is  an  exception  to  this  statement.         ' 
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tioQ  with  one  of  those  of  the  Board  of  Trade ;  ^    these  coils  show  no 
difference. 

The  above  statements  are  made  on  the  assumption  that  the  various 
changes  in  the  coils  which  have  undoubtedly  occurred  have  been  rightly 
interpreted,  so  that  we  can  now  recover  the  absolute  C.G.S.  value  of  the 
coil  flat)  and  hence  of  the  standard  ohm  as  originally  determined  at  the 
Gavendish  Laboratory,  and  defined  by  the  Committee  in  the  Edinburgh 
Report,  1892. 

That  this  is  the  case  is  borne  out  by  the  results  of  the  experiments  on 
the  specific  resistance  of  mercury,  a  summary  of  which  is  given  in 
Appendix  II.  These  are  not  yet  complete.  Mr.  Smith  has,  however, 
constructed  and  calibrated  eleven  mercury  tubes.  The  mean  cross - 
section  of  each  of  these  has  been  determined  by  at  least  four  difibrent 
sets  of  measurements.  In  nine  cases  the  greatest  difference  between  any 
measurement  and  the  mean  is  not  more  than  *001  per  cent. 

The  values  found  for  the  resistance  of  each  tube  do  not  differ  by 
more  than  -001  per  cent. 

If  we  assume  as  above  that  the  values  of  the  wire  standards  of  resist- 
ance of  the  Association  are  known  in  terms  of  the  absolute  C.G  S.  unit, 
then  it  follows  that  the  length  of  the  column  of  mercury,  one  square 
millimetre  in  section,  which  would  have  a  resistance  of  10®  C.G.S.  units, 
▼onld  be  106'291  centimetres.  The  value  found  for  this  same  quantity 
by  the  Secretary  (Mr.  Qlazebrook)  and  Mr.  Fitzpatrick  in  1888,^  was 
106-29  centimetres.  We  infer  then  that  we  still  can  recover  from  our 
standard  coils  the  absolute  C.G.S.  unit  of  resistance. 

Again,  the  length  of  the  mercury  column  constituting  the  international 
ohm  has  been  defined  as  106*3  cm. 

But  we  have  seen  that  the  absolute  C.G.S.  unit  as  deduced  from  the 
wire  coils  of  the  Association  has  a  resistance  equal  to  that  of  106*291  cm. 
Thus  the  absolute  unit '  is  smaller  than  the  international  ohm  by  *009  per 
cent  Again,  it  has  been  stated  above  that  the  unit  deduced  from  the 
standards  of  the  Association  is  smaller  than  that  of  the  Reichsanstalt  by 
•OlOji  P«f  <»ii<>« 

Thus  the  mercury  standards  of  the  Reichsanstalt,  constructed  to  repre- 
sent the  international  ohm,  exceed  those  just  made  for  the  Association 
hy  Mr.  Smith  by  -OOlg  per  cent.,  or  1*6  parts  in  100,000. 

Again,  if  these  results  be  accepted,  since  the  Board  of  Trade  unit,  as 
derif^  from  the  wire  standards,  is  less  than  that  of  the  Association  by 
"OOG  per  cent.,  and  ^e  Association  unit  is  too  small  by  *009  per  cent.,  it 
foUows  that  the  Board  of  Trade  unit  is  too  small  by  *015  per  cent.  This 
(U&rence  arises  in  part  from  the  fact  that  the  standards  of  the  Association, 
from  whidr  the  Board  of  Trade  standard  was  copied  by  the  Secretary  in 
1891,  are  too  low ;  in  part  from  the  fact  that  the  Board  of  Trade  standard 
has  diverged  sli^^tly  from  that  of  the  Association  since  1891. 

*  If  the  view  be  accepted  that  the  laboratory  unit  is  the  same  as  in  1891 ,  the 
Board  of  Trade  standard  has  fallen  since  that  date  by  *00006  ohm. 

*  Phil  Trans.  1888. 

*  The  resistance  taken  for  a  column  of  mercury  1  square  mm.  in  section,  100  cm. 
b  length  atO^  C.  at  the  Edinburgh  Meeting  in  1892,  was  9407  x  10*  C.G.S.  units.  Mr. 
Smith's  experiments  give,  assuming  the  values  of  the  wire  ooili  known,  the  result 
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l^huS,  td  Slim  lip  this  part  of  the  Report,  it  may  b3  stated  that  i-^ 

(a)  The  original  B.A.  unit  and  the  standard  ohm  based  on  it  (Noc 
3  and  5  of  the  units  concerned)  can  be  recovered  from  the  wire  coils 
of  the  Association. 

(6)  The  Board  of  Trade  unit  (N'o.  4)  is  now  less  than  the  Laboratory 
unit  (No.  5)  by  -006  per  cent. 

(c)  The  Laboratory  unit  (No.  5)  is  less  than  the  international  ohm 
(No.  2)  by  -009  per  cent. 

(d)  The  Board  of  Trade  unit  is  less  than  the  international  ohm  by 
•015  per  cent. 

(e)  The  mercury  tubes  made  at  the  National  Physical  Laboratory  to 
represent  the  international  ohm  are  less  than  those  made  at  the  Reichs* 
anstalt  by  OOIS  per  cent. 

This  last  result  must  be  considered  as  provisional  pending  the  comple* 
tion  of  Mr.  Smith's  work,  but  it  is  clearly  highly  satisfactory. 

Mr.  Smith  has  also  made  progress  during  the  year  with  his  investiga^ 
tions  into  certain  of  the  anomalies  shown  by  Clark  cells,  but  the  results  of 
that  inquiry  are  not  yet  ready  for  publication. 

The  standard  condensers  of  the  Association  have  been  frequently  in 
use  during  the  year ;  about  fifteen  condensers  have  been  compared  with 
them.  They  retain  their  value  in  a  satisfactory  manner,  and  are  conve- 
lient  to  work  with,  though  possibly  some  improvement  in  the  insulation 
Might  be  desirable. 

A  chronograph,  purchased  with  part  of  the  grant  made  last  year,  will 
enable  the  time  measurements  required  in  the  measurement  of  capacity 
to  be  made  with  greater  accuracy,  and  hence  will  permit  of  greater  rigidity 
in  the  inquiry  as  to  the  permanence  of  the  standards. 

The  platinum  thermometers  made  from  the  stock  of  wire  pui'cbased 
from  Messrs.  Johnson  and  Matthey,  which  at  the  time  of  the  last  Report 
were  in  course  of  construction,  have  been  completed,  and  the  behaviour  of 
some  of  them  investigated  throughout  the  past  year.  ThA  resistanoe-box 
available  was  the  old  Callendar-Qriffiths  box  used  in  the  work  of  J>t, 
Chree  at  Kew  Observatory,  having  coils  of  platinum-silver  on  the  binary 
system.  The  contacts  are  an  old  form  of  the  Cambridge  Instrument 
Company's  type  of  plug-contact,  the  cheeks  being  made  of  a  special  white 
alloy  held  in  round  Doulton-ware  cups.  In  measurements  with  this  box 
not  much  significance  attaches  to  the  third  figure  of  decimals  representing 
hundred-thousandths  of  an  ohm,  though  the  settings  could  be  made  to  this 
amount  at  the  lower  temperatures.  The  box  resistance-coils  were  intended 
for  use  with  platinum  thermometers  of  1  ohm  fundamental  interval  only, 
and  therefore  the  two  high-resbtance  thermometers,  of  5  ohms  funda- 
mental interval,  could  not  be  measured  at  the  sulphur-point;  their 
systematic  investigation  has  therefore  been  temporarily  postponed.  The 
want  of  a  better  box  for  this  work  is  seriously  felt. 

Of  the  original  six  thermometers  made  in  August  1902,  Nos.  1  to  4 
ate  of  1  ohm  fundamental  interval,  Nos.  1  and  2  being  in  porcelain  and 
3  and  4  in  specially  thin  Jena  glass  tubes  of  internal  diameter  8  to  9  mm. 
and  38  to  40  cm.  long.     Nos.  5  and  6  are  of  5  ohms  fundamental  interval. 
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and  in  somewhat  wider  tubes  of  ipeciallj  thin  glass,  through  which  the 
four  leads  are  hermetically  sealed.  The  heads  of  all  these  thermometers 
are  of  the  design  used  by  Cbappuis  and  Barker,  the  contacts  to  the  solid 
ends  of  the  copper  flexibles  being  made  by  fusible  metal  cups.  With 
rpssonable  care  these  contacts  prove  very  satisfactory,  both  as  regards  the 
constancy  of  their  resistance  and  their  mechanical  strength. 

In  the  construction  of  all  these  thermometers  special  care  was  devoted 
to  adjusting  their  fundamental  intervals  to  be  very  close  to  their  nominal 
values,  and  after  completing  this  adjustment  all  were  subjected  to  repeated 
annealing  in  air  at  a  bright-red  heat,  Uiermometers  Kos.  3  and  4  being 
temporarily  placed  in  porcelain  tubes  for  the  purpose. 

The  remaining  four  constructed  last  summer,  and  one  of  later  date,  all 
of  1  ohm  fundamental  interval,  have  had  their  constants  determined  from 
time  to  time  during  the  year.  One  of  them — B.  A.2 — was  selected  as  a  repre- 
sentative platinum  thermometer  for  use  in  an  investigation  made  to  deter- 
mine the  relation  between  the  platinum  scale  and  that  of  the  gas  thermo- 
meter of  the  National  Physical  Laboratory  at  temperatures  up  to  1000°  C 
During  the  time  occupied  by  two  sets  of  experiments  with  this  instrument, 
extending  over  about  three  months  in  all,  its  constants  altered  by  an 
amount  only  just  greater  than  their  probable  error,  showing  that  it  is  quite 
possible  to  use  properly  constructed  platinum  thermometers  up  to  tem- 
peratures slightly  over  1000°  C.  for  long  periods  without  fear  of  serious 
changes. 

The  summary  of  the  life  history  of  the  different  thermometers  is 
given  in  Appendix  III.  The  chief  fact  apparent  is  that  there  seems  to 
be  a  small  but  real  difference  between  the  8  of  thermometers  1  and  3  on 
the  one  hand,  and  2,  4,  and  7  on  the  other,  the  maximmn  divergence 
being  about  02. 

]^olonged  electrical  heating  in  air  of  the  wire  of  one  of  the  thermo- 
meters was  not  found  to  sensibly  change  the  value  of  the  3.  The  cause 
of  the  small  differences  found  is  not  obvious,  and  further  investigation  is 
being  made  on  this  point 

A  change  in  8  n*om  1*50  to  1*51  would  make  at  the  sulphur-point  a 
difference  of  0*^153  C,  and  at  1000^  C.  one  of  0**-9. 

The  question  of  the  resistance  of  copper  has  been  raised  lately  by  the 
work  of  one  of  the  sub- Committees  of  the  Engineering  Standards  Com- 
mittee. For  commercial  purposes  the  resistance  of  copper  is  defined  at  a 
temperature  of  60**  Fahr.  (15°-55  C).  A  table  in  Appendix  IV.  gives 
the  values  that  have  been  found  by  various  experimenters. 

It  is  clear  that  copper  is  now  prepared  of  a  higher  degree  of  purity 
than  in  the  time  of  Matthiessen.  Taking  the  mean  of  the  figures 
in  the  table  for  modem  electrolytic  copper,  we  have  as  the  value  of  the 
renstanoe  of  1  metre  of  copper  wire  weighing  1  gramme  at  15^-55  C.  the 
value  0*14855  ohm,  but  the  figures  of  which  this  is  a  mean  range  from 
1475  to  1492.  The  value  found  by  Matthiessen,  as  deduced  from  his  paper 
in  the  '  Phil.  Trans.'  for  1860,  is  01 500  ohm.  Thus  the  conductivity  of 
modem  pure  electrolytic  copper  is  1  per  cent,  better  than  Matthiessen's. 

The  Committee  on  copper  conductors,  which  investigated  the  question 
in  1899,  adopted  the  number  0*1508  ohm  as  the  resistance  of  a  metre- 
gramme  of  commercial  annealed  high-conductivity  copper.  This  figure 
has  been  accepted  by  the  Engineering  Standai*ds  Committee. 

Mn  H.  A.  Taylor  has  recently  placed  in  the  hands  of  the  Secretary 
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two  resistances  of  gold-silver  wire  made  by  Matthiessen  himself,  to  repre- 
sent the  resistance  at  15^*5  C.  of  100  inches  of  pure  annealed  copper, 
having  the  weight  of  100  grains.  The  resistances  of  these  coils  have  been 
determined  by  Mr.  Smith,  and  the  results  are  given  in  the  following 
table  :— 


— 

CoU  No.  1 

Coil  No.  S 

Resistance  of  100  inches  of  copper  weigh- 
ing 100  grains,  as  given  by  Matthiessen 
in  B.A.  units  at  16«-6  C. 

Resistance  found  in  1903  in  B.A.  uniU  at 
150-5  C. 

Resistance  found  reduced  to  ohms  at  16*>-5  C. 

Resistance  deduced  of  a  metregramme  in 
ohms  at  lb^'5  C. 

•1516 

•1513, 

•1493, 
•1499^ 

•1514              ' 

•1513, 

•1492, 
•1499, 

Thus  Matthiessen's  value  for  the  resistance  of  annealed  copper  at 
15° '55  C.  (60®  Fahr.)  as  deduced  from  these  coils,  agrees  very  closely  with 
the  value  calculated  by  the  Secretary  from  the  figures  in  his  1860  paper. 

The  Committee  have  had  under  consideration  the  drawings  and  speci- 
fications for  the  ampere  balance  as  designed  by  the  late  Principal 
Yiriamu  Jones  and  Professor  Ayrton.  The  electrical  parts  of  the 
instrument  need  construction  under  skilled  supervision.  Tests  of  various 
kinds  have  to  be  made  continually,  and  the  Committee  have  come  to  the 
conclusion  that  this  supervision  can  best  be  secured  by  having  the 
instrument  constructed  in  the  workshop  of  the  National  Physical 
Laboratory,  under  the  care  of  Professor  Ayrton  and  the  Secretary,  who, 
as  Director,  will  be  able,  with  the  assistance  of  the  staff  of  the  Laboratory, 
to  control  the  work  in  an  efficient  manner. 

The  Committee  are  of  opinion  that  further  expenditure  will  be  required 
in  completing  the  set  of  platinum  thermometers,  in  particular  in  providing 
a  satisfactory  resistance-box  and  in  carrying  out  the  researches  on  the 
Clark  cell.  They  consider  that  it  is  of  great  importance  that  these 
researches  should  be  brought  to  a  satisfactory  conclusion. 

For  these  reasons  they  recommend  that  they  be  reappointed,  with  a 
grant  of  60/.,  that  Lord  Rayleigh  be  Chairman,  and  Mr.  B.  T.  Glazebrook 
Secretary. 


APPENDIX  L 

On  the  Values  of  the  Resistance  of  certain  Standard  Coih  of  the  British 

Association.    By  F.  E.  Smith. 

{From  the  Natumai  Thyisical  Laboratory.) 

[The  Report  covers  the  period  1888-1903  inolnslye.] 

Changes  of  very  considerable  magnitude  have  taken  place  aince 
1892  in  the  old  B.A.  standards.  The  removal  of  the  coils,  first  to 
Liverpool,  then  to  Kew,  and  finally  to  Teddington,  has  resulted  in  the 
comparisons  being  incomplete  in  some  years.  In  consequence  the  difficulty 
of  locating  differences  has  correspondingly  increased. 
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The  observations  recorded  are  in  terms  of  B.A.  Flat.  Owing  to  a 
dumge  in  Flat  taking  place,  however,  the  1903  comparisons  were  made 
chi^  with  Nalder  3715. 

In  Table  I.  the  approximate  difference  in  B.A.U.  between  Flat  and 
the  B.A.  unit  coils  F,  G,  H  of  the  Association  are  given. 

Table  II.  gives  the  difference  in  ohms  between  ^  (1*01358  x  Flat)  and 
other  platinum-silver  coils.    Temperature  of  observations,  16^  C. 


Tablk  I. 


Table  II. 


Tear 

FUt 

1 

P 

Q 

H 

.    198S 

+47x10-* 

+91x10-* 

+  77x10-* 

1   isto 

-17 

+  112 

+90 

I    IWl 

._ 

_ 

1898 

-18 

+  108 

+  92 

I8M 

■_ 

.. 

~. 

1897 

_ 

_ 



1S86 

-36 

+99 

+  69 

I960 

-47 

+99 

+63 

1901 

-49 

+93 

+  70 

1909 

-83 

+90 

+76 

1908 

-33 

+  75 

+  76 

(1-01858 

xFlftt) 

1     NfUder 

Elliott 

Elliott 

Elliott 

3715 

284 

269 

270 

+  18x10-* 

- 

- 

'  -17x10-* 

- 

-37x10  • 

+27x10-' 

l-n" 

+  9~ 

-46 

+  27" 

1  -17 

+23 

-59 

+27 

i  -17 

+  23 

-54 

+  27 

0 

+38 

-89 

+44 

0 

— 

-39 

+44 

Table  III.  shows  the  percentage  difference  between  (101 358  x  Flat) 
and  the  unit  of  two  10-ohm  platinum-silver  coils  of  the  Association 
at  16**  C. 


Table  III. 

1 

(1-01858  X  Flat) 

1                  Year 

Elliott                      1 
288                          , 

Elliott 
289 

1897 
1898 
1902-3 

-27xl0-» 

-27 

-10 

+  7x10* 

+  7 
+  24 

The  coils  F,  G,  and  H  are  similarly  constituted  :  they  are  the  old 
B.A.  ooili  made  by  Matthiessen.  No.  3715  is  by  Nalder  Bros.,  and  the 
remainder  of  the  coils  by  Messrs.  Elliott  Bros.  No.  264  is  a  coil  belonging 
to  the  Board  of  Trade,  and  has  been  returned  to  Whitehall ;  hence  there 
are  no  observations  for  1903. 

Tables  I.,  II.,  and  III.  assume  Flat  to  be  constant.  It  will  be  observed 
that  the  differences  of  Flat  and  3715,  270,  288,  and  289  are  constant  from 
1897  to  1901,  From  1901  to  1903  a  change  of  about  017  per  cent. 
18  evident  between  Flat  and  the  coils  3715,  264,  269,  270,  and  again 
between  Flat  and  the  units  of  the  coils  288  and  289.  This  suggests  a 
change  in  the  value  of  Flat  from  1901. 

Since  1901  comparisons  between  Flat  and  the  manganin  standards  of 
the  Association  have  been  made.  Table  lY.  gives  the  observed  values  in 
ohms. 

»  IB.O.T.  ohm  =  101358  B.A.U. 
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Table  IV.^  Values  at  W  C.  in  terms  o/(l'01368  x  Flat),  atsuming 
Flat  unchanged. 


Year 

1901 
1902 
1903 

Wolff 
1600 

Wolff 
780 

Wolff 
881 

Wolff 
147 

1-00012 
•99996 
•99995 

100002 
•99987 
•99987 

100014 
•99999 
•99999 

•99790 
•99783 
•99783 

The  values  of  1690,  780,  381,  and  147  diminish  by  17,  15,  15,  and 
7  times  1 0"*  ohms  respectively  in  the  interval  1 901  -1 902.  No.  1 47  is  known 
to  be  a  variable  coil  of  very  low  insulation-resistance,  and  may  be 
disregarded  for  the  purpose  of  estimating  the  change  in  Flat.  It  is  of 
interest  as  being  a  coil  brought  to  Cambridge  by  Dr.  lindeck  in  1892  and 
left  with  the  Secretary. 

Thus  the  apparent /a/^»  in  value  of  3715,  264,  269,  270,  288,  280, 
1690,  780,  and  381  are  respectively  -017,  -015,  -020,  -017,  '017,  -017,  -017, 
•015,  and  '015  per  cent.,  giving  a  mean  of  '017  per  cent. 

This  justifies  the  assumption  of  a  rise  in  resistance  of  B.A.  Flat  of 
•017  per  cent,  in  the  period  1901-1902. 

The  following  tables,  V.  and  VI.,  are  I.  and  TI.  revised.  They  take 
the  change  in  Flat  into  account  by  means  of  corrections  applied  to  the 
observations  of  the  years  1902  and  1903.    The  values  given  are  for  16*^  C. 


Table  V.  (I.  JRevUed), 

B.A.U. 


Table  VI.  (II.  Bevised). 
Ohmt. 


Constont  Flat 

Year 

F 

G 

H 

1888 

+47x10-* 

+nixl0- 

+77xl0-» 

1890 

-17 

+112 

+  90 

1891 

— 

— 

— 

1892 

-18 

+  108 

+92 

1894 

-^ 

— . 

— . 

1897 

— . 

— - 

_ 

1898 

-86 

+99 

+69 

1900 

-47 

+92 

+63 

1901 

-42 

+  92 

+  70 

1909 

-80 

+  78 

+  59 

1903 

-50 

..8 

+  59 

Congtant(  1-01858  xFUt) 

Naldcr 

EUiott 

Elliott 

Elliott 

8715 

1 

264 

269 

270 

I 

_ 

_ 

». 

_ 

_ 

»^          ' 

— 

+13xlO-» 

— 

~"           1 

-17x10-' 

— 

-87x10-" 

+27x10-' 

+  9 

-46 

+  27 

—17 

+  23 

-59 

+  27 

-17 

+  23 

-54 

+27 

"17 

+21 

-56 

+27 

"^^ 

-56 

+27 

Tables  VII.  and  VIII.  being  III.  and  IV.,  similarly  revised,  show  no 
marked  change  in  any  of  the  coUs  in  those  tables  excepting  147. 


Table  VII.  (III.  Hevised). 
Valines  at  W  a 

Year 

(101858  X  Flat) 

Elliott 

288                        j 

ElUott 
289 

1897 
1898 
1902-3 

-•27xlO*»                1 
-•27                           ' 
-27                           i 

+  7xlO-» 

+  7 
+  7 
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Table  VHL  (IV.  Jtevised). 


Tmt 


Wolff 
1690 


Wolff 
780 


Wolff 
881 


Wolff 
147 


1901 
1902 
1903 


1-00012 
100012 
100012 


100002 
100004 
100004 


100014 
lOOOlH 
100016 


•99790 
•99800 
•99800 


With  reference  to  Tables  Y.  and  YI.  the  data  for  1901-1903  show  a  rise 
of  -008  per  cent,  for  F,  •OS*  per  cent,  for  G,  and  -Oil  per  cent,  for  H, 
indicating  that  they  are  cei*tainly  changing  coils,  the  resistance  for  this 
period  increasing  with  time. 

From  the  valaes  recorded  3715  and  270  we  have  evidence  that  Flat 
has  probably  remained  constant  for  the  period  1894-1901.  Also  we  infer 
that  264  is  not  a  coil  showing  very  great  changes. 

Between  the  years  1892  and  1898  the  ditferenoes  between  Flat  and 
iht  coils  F,  G,  and  H  alter  by  the  amounts  *018  per  cent.,  *009  per  cent., 
and  023  per  cent,  respectively.  The  dissimilarity  of  these  percentage- 
differences  is  farther  evidence  that  the  coils  have  changed  amongst  them- 
selves in  this  period.  Comparing  the  amounts  with  those  of  the  period 
1901-1903,  they  represent  quite  normal  increments  of  resistance.  The 
balance  of  evidence  in  consequence  is  in  favour  of  the  constancy  of  Flat 
over  the  period  1692-1898,  and  this  constancy  has  therefore  been  assumed. 

A  summarised  statement  of  the  platinum -silver  coils  of  the  Associa- 
tion  will  now  be  as  follows  ; — 


Table  lK,^8hawing  the  Percentage-increase  in  Resittance  of  B,A.  Platinvm' 
Hirer  CeiUfrom  1888. 


1 

1888 

1890 

1891 

189i 

1894            18D7 

1898 

1900 

1901 

Iput 

-       1 

P       — 

•061 

•o«« 

__       1        

•083 

•094 

•089 

,    G        - 

-•OJl 

_ 

-•017 

_        :        _ 

-•008 

-■001 

-•001 

'    H       - 

-■OlS 

— 

-•015 

—        1        — 

•008 

•014 

•007 

•3715      — 

_ 



1  commence,  ) 

0 

0 

0 

3«4l- 

-1 

obP. 

}- 

-        1         - 

•004 

-•010 

-•010 

2S9      — 

-- 

-1 

Ob..         .      _ 
commence;  [ 

•009 

•022 

•017 

J70      - 

— 

— 

1   oommenoe  f 

0 

0 

0 

«8     — 

1 

— 

- 

-.1       -.     J.      obs. 
1                1   commence 

}» 

- 

- 

SN      . 

(                (i      obg. 
1               1 1  commence 

}« 

1 

1903  \   1908 


•017 
•097 
•018 
•018 


-•008 
•019 
0 


•017 
•097 
•033 
•018 


•019 
0 
0 
0 


It  will  be  observed  that  a  number  of  the  coils  are  steadily  rising  in 
value.    The  insulation  remains  good. 

Teinperature  Coefficients  of  B.A,  Coils. 

Some  special  observations  have  been  made  in  order  to  obtain  the 
temperature  coefficients  of  the  coils.  These  were  carried  out  by  keeping 
the  standard  coil  constant  and  subjecting  the  tested  coil  to  various 
temperatures  for  twelve  or  qiore  liours  so  a^  tp  ensure  po  lag,    It  ia 
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interesting  to  note  that  the  temperature  coefficients  of  some  of  the  coils 
are  appreciably  different  from  the  old  values  of  1892. 


Tablb  X. — Showing  the  old  and  new  values  of  the  Temperature  Coefficients 
of  various  Coils, 


Temperatnre  Coefficient 
Old  valne,  per  1°  C. 

Temperatore  CoeflBeient 

CoU 

New  value,  per  1°  C. 

Flat 

•000277  B.A.U. 

•000271  B.A,U. 

F 

286      „ 

268      ,.                 t 

G 

274      ., 

274      ^                 i 

H 

271       .. 

280      „ 

8713 

•000260?  ohm 

•000307  ohm 

264 

812      .. 

283      ,. 

269 

285      „                 ' 

870 

— 

815      ,. 

Comparison  of  the  Unit  of  Hesistance  employed  at  the  Beichsanstali 
and  that  of  the  NJF.L. 

By  the  N.P.L.  unit  is  meant  the  unit  of  resistance  as  obtained  from 
the  old  B.  A.  coils. '  Assuming  that  all  the  changes  have  been  successfully 
interpreted,  the  unit  at  present  employed  in  the  Laboratory  should  be  the 
same  as  that  employed  in  the  Cavendish  Laboratory  in  1898  and  at 
Edinburgh  in  1892. 

A  comparison  of  the  two  units  was  rendered  possible  in  the  spring. 
Two  Wolff  coils,  Nos.  780  and  738,  of  nominal  values  1  ohm  and  10  ohms 
respectively,  were  despatched  to  Germany  last  winter.  Their  values  were 
determined  in  Eeichsanstalt  units  (termed  international  ohms)  in  March, 
and  the  coils  immediately  returned  to  the  Laboratory.  Unfortunately 
both  coils  fell  in  value  two  or  three  parts  in  the  hundred-thousandth  figure 
during  their  joumeyings.  The  values  given  in  the  table  are  those  deter* 
mined  on  their  return. 

In  addition,  five  new  coils  were  received  varying  in  value  from  <i^th 
to  10,000  ohms.  These  enabled  a  more  complete  comparison  to  be  nu^de. 
The  Laboratory  value  was  deduced  by  building  up  from  the  unit^  and  also 
by  direct  comparison  with  coils  of  similar  value. 

TiBLE  XI. — Besulis  of  Measurements  of  various  coils  at  the  HeichsanstaH 
and  at  the  Laboratory,  March  1908. 


CoU  No. 

Laboratory  Value 
at  17°  C. 

Value  Deduced 
from  Reichsanstalt 

Laboratory  Value  — 
Reichsanstalt  Value. 

CerUficateatl7°C. 

Percentage  Difference 

2352 

•100007 

•099996 

•Oil  per  cent. 

2351 

100011 

100001 

•010        „ 

780 

100001 

•99991 

•010        „ 

738 

99994, 

9-9985 

•009,       ,. 

2450 

100004 

99-993 

•on     .,. 

2449 

100006 

999-96 

•010        „ 

2448 

10000-9 

9999-8 

•Oil        .. 

» I  NP.L.  nDit=  1-01358  B.A.U 
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It  ig  evident  from  these  obfiervations  that  a  difference  of  0X0^  per 
cent  existg,  or  that — 

Besistanoe  of  Reichsanstalt  unit— Resistance  of  Laboratory  unit 

e-OOOlO^ohm (A) 

ComparUan  of  the  Unit  of  Besiatance  employed  at  the  Board  of  Trade 
and  tnat  of  the  Laboratory, 

The  comparison  of  these  two  units  is  not  so  complete.  Two  platinum- 
sOver  units  and  one  of  manganin  have  been  determined  at  both  labora- 
tories. The  measurements  ta^en  at  Teddington  indicate  that  no  change 
resulted  during  the  joumeyings  of  the  coils.  In  addition  one  l^OOO-ohm 
coil  (Kalder  6863)  has  been  determined. 

Table  XII. — Restdte  of  Measurements  of  various  coils  at  the  Board  of  Trade 
Offices  and  at  the  Labor atori/f  February  and  March  1003. 


'     CoUNo. 

Texuperattire 

Labor&tory 
Value 

Deduced 
B.O.T.  Valne 

Laboratory 
Value-B.O.T. 

Elliott,  270 
EUioU.  264 
Wolff,  331 
Nalder,  6863 

16«0  C. 
16«»-0C. 
16O-0C. 
16<>84C. 

1-00006 
1-00008 
100015 
99913 

1-00010, 
lOOOH, 
100021, 
9991, 

-•004,  per  cent. 
-•006,        „ 
-006,        „ 

The  exact  relationship  between  the  B.O.T.  unit  and  that  of  the 
Laboratory  is  tlierefore  still  incomplete.  It  seems  fairly  certain  however 
that— 

Besistance  of  Laboratory  unit— Besistance  of  B.O.T.  unit 

=  '00006ohm,  a  difference  of '006  per  cent.        .        .(B) 

From  the  two  relationships — 

Besistance  of  Reichsanstalt  unit— Resistance  of  N.P.L.  unit 

=  000105  ohm 

Besistanoe  of  Laboratory  unit— Resistance  of  B.O.T.  unit 

1= -00006  ohm 

we  have 

Besistsoice  of  Reichsanstalt  unit— Resistance  of  B.O.T.  unit 

=000165  ohm,  a  difference  of  '0165  per  cent.      .        .     (C) 

The  present  values  of  the  B.A.  coils  are  as  follows  : — 

Table  Xlir. 


CoU 

Temperature 

Resistance 

«          ,     ,  ,     ,                   1 
Temperature  Coefficient 
per  1°  C. 

Flat 

16°  0  C. 

100060  B.A.U. 

•000271  B.A.U.         \ 

1           F 

*f 

1-00083      „ 

•000268      „ 

1            ^ 

»» 

99975      „ 

•000274      „ 

H 

-99976      „ 

-000280      .. 

3715 

» 

1-00050  ohm 

-000307  ohm 

269 

t> 

100089      „ 

-000286     „ 

,           270 

ft 

1-00006      ,. 

•000315     „ 

288 

»t 

10-0060 

-0031.        ,. 

289 

>» 

100026 

•0026,       „ 
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The  Wolff  manganin  coils  of  the  Association  are  also  given  at  16^  C, 
with  a  temperature  coefficient  to  be  applied  for  small  ranges  of  tmnpera* 
ture  only,  since  it  is  hj  no  means  a  linear  function. 


Table  XIV. 


CoU 

Temperature 

Resistance                 Temperature^C^ffident 

1690 
780 
381  » 
147 

WO  C. 
t» 

100012  ohm 

1-00002    „ 

1-00016    „ 

•99800    „ 

•00001  ohm 
-00001      „             , 
•00002     „ 
•00001,    ..              ' 

As  has  already  been  explained,  the  values  are  given  in  terms  of  the 
Laboratory  unit  which  represents  10^  C.G.S.  units  of  resistance  as  deter- 
mined by  Lord  Rayleigh  and  Mr.  Glazebrook  at  Cambridge  ;  it  has  been 
assumed  that  the  inter-comparison  of  the  coils  enables  that  unit  to  be 
recovered. 

Appendices  I.  and  II.  of  the  present  Report  afford  the  means  of  con- 
necting this  unit  with  those  of  the  Board  of  Trade,  derived  from  it  in 
1891,  and  of  the  Reichsanstalt,  and  also  with  the  ohm  or  international 
ohm^-the  resistance,  that  is,  of  a  certain  column  of  mercury. 


APPENDIX  II. 

The  relation  between  the  international  ohm  (106*300  cm.  Hg.  weighing 
14*4521  gms,  at  0°  C)  and  the  unit  of  resistance  employed  at  the  NJ\L 
Preliminary  Note^  by  F.  E.  Smith. 

(From  the  National  Fhytical  Laboratory,) 

The  following  measurements  of  six  mercury  tubes  indicate  the  ptx>gre88 
made  in  this  inquiry,  and  also  the  relation  obtained  : — 


Tube 

U 
V 
O 
X 
Y 
Z 

L 

Conical 
Correc- 
tion 

Theoretical 
Length  for 
1  Int.  Ohm. 

a 

b 

i 

1 
1 

Length  at 

(m-1) 

xlC* 

Calculated 

Besistance 

of  Tube. 

Lit  Ohm 

Mean 
Measured 
Resistance. 
Lab.  Unit 

b-^ 

1 

62-0731 
73-5000 
116-507 
66-6338 
62-1867 
68-5199 

5. 

18 

9 

2« 
15 

8 

621319 
73-4759 
116-478 
65-6364 
62-2382 
68-5057 

•99905 
1-00033 
1-00025 
0-99997 

•99917 
1-00021 

•99913 
1-00041 
1-00036 
1-00007 

•99926 
1-00029 

•00008 
•00008 
•00010 
•00010 
•00009 
•00008 

Thus,  Laboratory  Unit  of  ResistaDces       '99991  Int.  ohm. 
106  291 
'=r06-30()    I»^*-o*i™- 
[The  above  figures  are  intended  as  merely  proTitional.] 

*  t^o.  331  is  a  mangapin  cpil  belonging;  to  the  Soard  of  Trade, 
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With  respect  to  the  measarements  of  the  oross-sectiona  the  anifonnit/ 
(A  the  results  show  that  au  aoouracy  of  -001  per  cent  may  be  relied  upon. 
Foor  methods  of  measaring  the  resistance  wUl  be  employed.  At  present 
ooly  two  of  these  are  completed.  The  values  in  each  horizontal  line  refer 
to  different  fillings  ;  they  are  quite  concordant,  as  the  values  given  in  the 
foUowing  table  show  : — 


Setutancein 

LalanUor^  iJV.RL,)  VnU$  of  Mercury  Tubes. 

Tube 

BesitUnoe  at  (P  C. 

Retittuioe  at  0»  C. 
KelTin  Double  Bridge 

U 

'99913 
•99912 
-99914 

-99913 
-99912 
-99914 

V 

1-oooa 

1-00044 
1-00010 

100041 
100044 
100039, 

1-00035 
1-00030 
1-00035 

a 

1-00034 
100086 
100035 

100007 
1-00006 
1-00007 


•99926 
-99927 
-99925 

1-00030 
1-00029 
1-00029 


100007 
100006 
1-00006 


•99926 
•99926 
•99925 


100030 
100029 
1-00029 


APPENDIX  III. 

On  th^  Platinum  Tltemwmeters  o/lJie  JJritieJb  Association, 
By  J.  A.  Habker,  D,Sc. 

{From  the  National  Phyeical  Laboratory.) 

Tlie  four  platinum  thermometers  numbered  BA^  to  BA^,  with  which 
this  Appendix  chiefly  deals,  were  constructed  at  the  National  Physical 
Laboratory  in  August  1902.  The  wire  used  for  the  '  bulbs '  is  approxi- 
mately *006  in.  (-15  mm.)  diameter,  and  for  the  leads  '020  in.  (-5  mm.). 

After  ascertaining  approximately  the  length  of  wire  necessary  to  give 
s  fundamental  interval  of  1  ohm,  the  proper  amount  for  the  four 
thermometers  was  cut  off  from  the  stock  reel,  and  heated  in  one  piece  to 
moderate  redness  (800^  C.)  electrically  when  supported  approximately 
horizontal.  The  platinum  *  lead '  wires,  which  were  of  the  same  quality  of 
pure  metal  as  the  finer  '  bulb'  wire,  were  then  measured  off  and  the  pairs 
ssBigned  to  each  thermometer  accurately  matched.  After  a  preliminary 
aimeal  in  an  oxidising  atmosphere  at  a  bright  red  heat,  jOjffOdp/CSft^f't^lC 
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these  pairs  was  looped  upon  itself  to  form  the  compensator,  and  the  other 
cut  in  half  for  attachment  to  the  ends  of  the  *  bulb '  wire.  Several  kinds 
of  mica  from  different  sources  were  tested  as  to  their  suitability  for  use  ad 
insulating  material  for  the  frame  and  washers  to  support  the  wires,  and 
it  was  found  that  considerable  discrimination  was  necessary  in  the  selec- 
tion of  the  mica  for  this  purpose.  Certain  qualities  which  were  colourless 
before  heating  became  on  exposure  to  only  800®  to  850®  of  a  marked 
brown  tint,  and  it  was  found  in  one  case  this  was  due  to  organic  material 
having  been  used  to  fasten  together  several  sheets  to  build  up  the  neces- 
sary thickness,  the  carbonaceous  matter  leading  to  a  fall  in  insulating 
power  several  hundred  degrees  below  the  temperature  at  which  good  mica 
begins  to  appreciably  conduct,  which  ought  not  to  be  lower  than  1150®  C. 
In  another  case,  a  specimen  which  showed  the  characteristic  silvery  white 
lustre  after  several  hours'  exposure  to  1100®  C,  had  lost  so  much  of  its 
mechanical  strength  as  to  be  almost  unusable.  A  specimen  which  before 
heating  was  of  slightly  green  tint  was  finally  selected,  and  of  this  the 
whole  of  the  mica  frames  and  washers  were  constructed.  The  copper  wires 
connecting  the  platinum  leads  to  the  fusible  -metal  caps  were  silver- 
soldered  to  the  platinum,  and  for  extra  safety  against  possible  strain  the 
wires  were  screwed  into  the  caps  as  well  as  hard  soldered.  In  order  to  be 
protected  as  far  as  possible  from  unsymmetrical  heating,  which  often  gives 
rise  to  thermo-electric  effects  in  certain  types  of  thermometer,  these  joints 
between  platinum  and  copper  are  arranged  so  as  to  be  well  inside  the  brass 
tube  into  which  the  glass  or  porcelain  protection  tube  is  fastened.  The 
thermometer  heads  are  of  ebonite,  and  are  of  the  design  described  by 
Harker  and  Chappuis  in  *  Phil.  Trans.'  194,  p.  52.  They  are  practically 
airtight,  and  will  stand  vacuum  or  pressure  for  a  considerable  time.  By  a 
small  tap,  which  is  generally  kept  closed,  communication  can  be  made  with 
a  convenient  apparatus  for  exhausting  and  letting  in  dry  air  while  the 
thermometer  is  suitably  heated.  The  effect  of  electric  leakage  in  lowering 
the  apparent  resistance  of  a  platinum  thermometer  when  damp  is  much 
more  easily  traced  on  thermometers  of  5  or  10  ohms  FI  than  on  the  usual 
1  ohm  pattern  used  for  high  temperatures.  With  the  thermometers  here 
described,  having  the  enclosed  form  of  head,  none  of  the  determinations  at 
fixed  points  have  been  found  to  be  vitiated  by  moisture,  care  having  been 
taken  not  to  expose  any  portion  of  the  interior  to  prolonged  contact  with 
the  outside  air,  after  once  being  thoroughly  dried  out  at  a  high  tempera- 
ture. 

The  mica  cross,  having  serrated  edges  with  teeth  of  1  mm.  pitch,  beinff 
attached  to  the  leads  and  compensator,  the  joints  between  the  '  bulb 
wire  are  made  in  the  strongly  oxidising  fiame  of  a  very  small  oxy-coal-gas 
blowpipe  without  admixture  of  foreign  material  of  any  description.  Auto- 
genous soldering  of  this  kind  is  not  very  difficult,  even  for  very  fine  wires, 
and  is  essential  if  the  thermometers  are  intended  for  use  to  the  highest 
temperatures  safely  measurable,  namely,  1150®  C,  as  the  copper  and 
silver  contained  in  any  solder  which  might  be  employed  give  off  vapour 
sufficient  to  injuriously  affect  the  platinum  on  prolonged  exposure  to  a 
temperature  considerably  below  this.  The  *  bulb  *  wire  when  fastened  to 
the  leads  is  then  wound,  not  too  tightly,  upon  the  mica  frame,  and  the 
thermometer  is  then  inserted  into  its  protecting  tube  of  very  thin  glass  or 
of  porcelain,  which  must  be  glazed  on  the  exterior,  and  if  the  thermometer 
is  not  intended  for  use  above  about  1000®  C,  may  with  advantage  be 
glazed  both  inside  and  out.    A  measurement  is  then  taken  of  the  f  onda* 
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mental  interval,  with  a  view  to  ascertain  the  change  on  annealing,  which 
IB  then  carried  out  by  heating  two  or  three  times  to  about  1000^  for 
aefend  hours,  with  slow  cooling,  the  thermometers  with  glass  tubes  beinff 
teopomilj  placed  in  porcelain  ones  for  this  purpose.  The  fundamental 
interval  is  then  taken  again,  and  if  this  is  not  considered  sufficiently  near 
the  demred  value,  it  can  be  lowered  by  cutting  out  the  required  amount 
from  the  looped  end  of  the  wire  and  re-fusing,  or  raised  by  stretching 
jndidoualy  with  platinum-tipped  pliers  the  lowest  few  inches  of  the  wire, 
which  is  unwound  for  the  purpose.  Care  must  be  taken  after  each  re- 
■djuatment  to  remove  any  possible  new  strains  introduced  by  a  thorough 
re-anneal  before  measurement.  In  the  absence  of  definite  evidence  in  its 
k^?x>iir,  it  was  not  deemed  desirable  for  this  iirst  set  of  thermometers  to 
heat  the  wire  for  some  hours  electrically  to  1400^  or  1500^  C,  as  b  usual 
in  careful  worl;  with  wires  of  platinum  and  the  allied  metals  employed  for 
thermo-j  unctions. 

After  the  final  adjustment  of  the  FI  and  final  anneal,  systematic  obser- 
vations of  the  zero,  steam,  and  sulphur  points  of  the  four  thermometers 
were  made  from  time  to  time  with  the  resistance-box  described  in  the 
text.    A  new  calibration  of  the  box-coils  and  bridge  wire  was  made  in 

February  1903,   and  the  values  of  the  relation      *  and  of  the  S  found 

since  that  date  are  tabulated  for  each  thermometer.  From  this  summary 
it  will  be  seen  that  there  appears  to  be  a  small  but  systematic  difference 
between  thermometers  1  and  3  on  the  one  hand,  and  2  and  4  on  the  other, 

T^ 
this  bei^g  noticeable  both  on  the  values  of  ^  and  of  i. 

The  vahies  of  5?  vary  from  1 -38709  in  BA^  to 

1-38881  in  BA, 
the  meiUL  of  the  four  being  1  •38786,  which  is  a  little  higher  than  the 
Boean  value  found  by  Chree  for  the  group  of  seven  thermometers  studied 
ty  him,  namely,  1-38702. 

The  mean  values  of  the  o  are  : 


— 

8                               Departure  from  Mean 

1    BA,      . 

1    BA,     .        .        .        . 

!    BA.     .        .        .        . 

1-6124 
1-6083 
1-4936 
1-4912 

+  •0110 
+  -0069 
-•0079 
-0192 

1            Mean  8  s      . 

1-O014                   i                        — 

Hie  mean  ^  of  the  six  thermometers  observed  in  sulphur  in  Chree's 
eaqyedments  was  1*503,  the  maximum  being  1*509  and  the  minimum 
1'498.  The  mean  values  of  the  Rq,  Ri,  and  FI  for  the  period  from 
February  12  to  August  31  are  also  given.  In  view  of  the  uncertainties 
m  tiie  measurement  of  the  temperature  of  the  box-coils,  which  are  of 
^btinum  silver  not  immersed  in  a  liquid,  and  also  of  small  irregularities 
m  the  behaviour  of  the  plug-contacts,  the  experiments  afford  no  certain 
eividence  of  systematic  change  in  any  of  the  thermometers,  unless  it 
be  a  SBiall  rise  in  the  fundamental  coefficient  and  corresponding  fall  in 
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Thef txidmeier  6Ag,  which  was  heated  about  fifty  times  during  KoveiH' 
ber  1902  in  electric  furnaces  up  to  1050^,  and  again  during  April  and 
May  1903  to  similar  temperatures  for  prolonged  periods,  appears  to  be 
hardly  perceptibly  affected  by  it,  no  certain  change  of  FI  occurring  daring 
the  period  February  12  to  August  18  covered  by  the  later  experiments, 
and  certainly  no  variation  of  the  zero  of  *P  C. 

To  see  if  the  small  lack  of  homogeneity  of  the  wire  as  shown  by  the 
properties  of  the  different  thermometers  was  due  to  the  treatment  it  bad 
received  during  the  successive  adjustments  of  FI,  a  new  thermometer, 
named  BA7,  was  made  up  of  wire  taken  from  the  inner  end  of  the  same 
reel  as  the  other  six.  No  attempt  was  made  at  adjustment  of  ita  FI, 
which  was  found  after  thorough  annealing  to  be  100022  box  units. 

The  8  was  found  to  be  1*506,  an  intermediate  value.  The  wire  wag 
then  unwound  from  the  mica  frame  and  suspended  freely  in  air  between 
the  ends  of  the  leads,  and  a  current  of  2^  amperes,  which  was  sufficient  to 
maintain  it  at  about  HOO''  C,  was  passed  for  about  2  hours. 

Owing  to  the  volatilisation  of  a  considerable  quantity  of  platinum 
from  the  wire,  a  large  increase  in  the  FI  was  found,  as  was  expected,  but 

the  S  remained  unchanged,  though  a  rise  ii^  t>^  ^^  recorded  amounting  to 

1  part  in  1000. 

In  order  to  make  certain  that  the  differences  observed  were  not  due 
to  defective  insulation  in  the  thermometers,  the  insulation  resistanoe  be- 
tween the  thermometer  and  compensator  leads  of  each  of  the  thermometers 
was  measured  by  a  direct  deflection  method,  and  found  to  be  in  no  case 
less  than  700,000  ohms  at  any  temperature  between  0®  and  1000°  for  BAi 
and  BA2,  and  O''  and  500"^  for  BA3  and  BA4.  Some  experiments  were 
also  made  on  an  imitation  platinum  thermometer  having  its  coil  wound 
on  mica  of  standard  quality,  but  cut  at  the  lower  end  into  two  parts. 

Although  the  insulation  from  one  part  to  another  was  practically  infi* 
nite  at  all  temperatures,  when  only  platinum  and  mica  were  present  in 
the  heated  part  of  the  porcelain  tube,  the  introduction  of  a  small  piece  of 
clean  copper  wire  into  the  hot  space  near  the  bulb  was  sufficient  after 
some  time  to  lower  the  insulation,  even  at  only  about  800"*  C,  to  a  few 
thousand  ohms.  The  cause  of  the  differences  between  the  individual 
thermometers  does  not,  therefore,  appear  to  be  leakage. 

Neither  does  the  cause  of  the  small  differences  in  values  of  S  found  lie 
in  the  method  of  taking  the  sulphur  point,  as  the  same  apparatus  was 
used  in  the  same  way  for  all  the  experiments.  The  sulphur  is  now  boiled 
in  an  arrangement  similar  to  Callendar  and  Griffiths's  well-known  pattern, 
except  that,  to  avoid  the  necessity  of  removing  the  tube  at  each  reheat 
after  the  sulphur  has  crystallised,  the  glass  boiling-tube  is  replaced  by 
one  of  thin  weldless  steel,  brazed  with  spelter  into  a  rather  wider  end- 
piece  of  thick  iron  tubing,  which  is  exposed  to  the  direct  flame  of  the 
large  bunsen  used  for  heating.  The  level  of  the  liquid  sulphur  is  always 
maintained  at  least  2  inches  above  the  bottom  plate  of  the  apparatus^ 
and  the  upper  level  of  the  vapour  to  a  definite  position,  which  can  be  seen 
through  mica  windows  in  the  upper  part  of  the  neck.  Under  these  con- 
ditions no  moasui-able  superheating  of  the  vapour  has  ever  been  observed, 
and  a  comparison  of  the  sulphur  points  obtained  with  this  form  of  ap- 
paratus with  those  got  in  the  older  one,  with  glass  boiling-tube,  reveals  no 
measurable  systematic  difference. 

For  the  boiling-point  of  sulphur  un^er  normal  pressure  in  latitude  iV 
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Callendar  and  Griffiths's  old  value,  444^*53   C,  has  been  retained,  as 

was  also  the  figure  deduced  by  them  from  Regnault's  experiments  for  -^,^ 

dp 

for  sulphur,  namely,  *082^  C.  per  mm.,  although  it  has  been  shown  inde- 
pendently, by  Chree  and  by  Harker  and  Chappuis,  that  this  value  for  the 
variation  is  considerably  too  small.  It  is  hoped  that  a  redetermination 
of  this  constant  for  pressures  between  700  and  800  mm.  will  shortly  be 
undertaken  in  the  thermometric  laboratory. 
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APPENDIX   IV 

The  following  table  gives  the  resistance  at  a  temperature  of  60"*  Fahr. 
(I5°-55  C.)  of  a  wire  of  pure  annealed  copper  1  metre  in  length,  having  a 
mass  of  1  gramme,  as  deduoed  from  the  most  recent  determinations. 

In  making  the  reductions,  the  values  for  the  temperature  coefficient 
aod  for  the  density  given  by  the  author,  have  been  used. 

TabUgioing  Resistance  at  60  Fa^r,  of  a  Wire  of  Pure  Annealed  Copper, 
such  that  1  metre  weighs  1  gramme. 


1 

Anihority                      Source  of  Copper 

Reference 

Value  in 
Ohm 

nupatrick  . 
Swan  and  Bhodin 
Do.  (Second  sample) 
Fleming*     . 
Lagarde      . 

Klectrolytic 
Swan's  Copper 

f»           »♦ 

Swan's  Copper 

Grammont  Electroljrtic 

•B.  A.  Reporl.'  1890 
«Proc.R.S.,'1894 

•Phil.  Mag.;  1893 
*  Hospitalier/  1894 

01476 
01493 
0148G    1 
01487 
01488 

Mean  value        .        .        01486    , 

On  the  Use  of  Vectorial  Methods  in  Phi/sics. 
By  Professor  0.  Henrici,  Ph.D.,  F.B.S. 

[Ordered  by  the  General  Committee  to  be  printed  in  rxtenso.] 

Having  been  engaged  for  over  thirty  years  in  teaching  mathematics, 
chiefly  to  engineering  students,  I  have  always  had  much  sympathy  with 
them.  They  have  to  consider  mathematics  as  a  tool  to  help  them  in  their 
work  ;  abstract  reasoning  is  in  many  cases  a  horror  to  them.  At  school 
they  have  most  likely  been  treated  as  duflers,  unable  to  learn  mathe- 
matics ;  but  if  the  subject  is  led  up  to  through  concrete  examples,  every- 
thing  becomes  alive  and  full  of  intereirt  to  them.  It  is  for  such  men  as 
Uiese  that  I  speak  primarily,  not  for  mathematicians.  It  is  for  them  that 
I  advocate  the  more  general  use  of  vectors  and  their  introduction  into  the 
school  curriculum  ;  because  vectors  give  the  most  natural  mathematical 
expressions  for  many  quantities  in  dynamics  and  physics,  and  their  intro- 
duction helps  in  the  study  of  these  subjects  and  in  obtaining  clear  views 
of  the  quantities  dealt  with. 

The  very  invention  of  vectors  is  due  to  the  needs  of  dynamics,  and  he 
who  first  represented  a  force  by  a  directed  line  is  their  inventor.  Who 
this  was  seems  to  be  unknown  ;  Newton  was  the  first  who  clearly  stated 
the  'ParaUelogram  of  Forces,'  Since  his  time  vectors  have  always  been 
used  in  dynamics,  although  the  name  '  vector '  was  only  introduced  by 
Hamilton. 

That  this  representation  of  a  force  by  a  vector  is  natural  no  one  will 
dispnte,  but  only  the  addition  of  vectors  (composition  and  decomposition 
of  forces)  was  in  use  until  Hamilton  and  Grassmann  almost  simultaneously, 

»  In  redncing  Professor  Fleming's  result,  the  density  has  been  taken  as 
HI  grammes  per  c.c. 
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and  from  very  different  points  of  view,  developed  a  calculus  of  vectors  by 
defining  their  products.  The  applications  of  this  new  calculus  to  physics 
(including  dynamics)  remained  long  restricted  to  a  few  of  their  followers. 
It  WAS,  however,  before  their  time  that  Faraday  by  his  *  Lines  of  Force  ' 
and  *  Fields  of  Forces '  gave  a  purely  geometrical  representation  of  the 
phenomena  of  electricity  and  magnetism.  Their  analytical  expression 
requires  vectors.  The  first  who  recognised  this  was  Clark  Maxwell,  and 
there  can  be  little  doubt  that  his  success  in  putting  Faraday's  ideas  into 
analytical  form  was  greatly  due  to  his  knowledge  of  quaternions.  His 
statements  in  the  preface  to,  and  in  the  preliminary  chapter  of,  his  *  Elec- 
tricity and  Magnetism '  are  in  this  respect  of  great  interest  I  quote 
from  the  latter  :  *  But  for  many  purposes  in  physical  reasoning,  as  dis- 
tinguished from  calculation,  it  is  desirable  to  avoid  explicitly  introducing 
the  Cartesian  co-ordinates,  and  to  fix  the  mind  at  once  on  a  point  of  space 
instead  of  its  three  co-ordinates,  and  on  the  magnitude  and  direction  of  a 
force  instead  of  its  three  components.  This  mode  of  contemplating  geo- 
metrical and  physical  quantities  is  more  primitive  and  more  natural  than 
the  other,  alUiough  the  ideas  connected  with  it  did  not  receive  their  fall 
development  till  Hamilton  made  the  next  great  step  in  dealing  with  space 
by  the  inventioo  of  his  calculus  of  quaternions. 

'  As  the  methods  of  Descartes  are  still  the  most  familiar  to  students  of 
science,  and  as  they  are  really  the  most  useful  for  purposes  of  calculation, 
we  shall  express  all  our  results  in  the  Cartesian  form.  I  am  convinced, 
however,  that  the  introduction  of  the  ideas,  as  distinguished  from  the 
operations  and  methods  of  quaternions,  will  be  of  great  use  to  us  in  the 
study  of  all  parts  of  our  subject,  and  especially  in  electro-dynamics, 
where  we  have  to  deal  with  a  number  of  physical  quantities,  the  relations 
of  which  to  each  other  can  be  expressed  far  more  simply  by  a  few  words 
of  Hamilton's  than  by  the  ordinary  equations.' 

He  goes  on :  *  One  of  the  most  important  features  of  Hamilton's 
method  is  the  division  of  quantities  of  sccdars  and  vectors.' 

I  have  heard  these  words  quoted  as  a  proof  that  Maxwell  was  alto- 
gether in  favour  of  Cartesian  methods,  and  against  quaternions  and 
vectors.  But  this  is  wrong  so  far  as  vectors  are  concerned.  In  fact,  the 
ideas  which  he  took  from  Hamilton  are  chiefly  tvro—Jlrsi,  vectors  ;  and 
8*icond,  the  classification  of  physical  quantities  into  scalars  and  vectors. 
It  is  well  known  that  he  attached  very  great  importance  to  the  latter  in 
connection  with  the  theory  of  *  Dimensions.'  * 

This  classification  has  been  carried  further  by  Clifford.  Certain 
vector-quantities  require  position  for  their  full  specification  ;  Clifford  says 
such  a  quantity  is  'localised,'  and  calls  a  localised  vector  a  *  rotor.'' 
Forces,  spins,  momentum,  are  examples.  There  are  also  localised  scalars 
like  mass  and  energy. 

In  connection  with  this  subject  the  enforced  absence,  due  to  ill-health, 
of  Mr.  Williams  is  much  to  be  regretted.  He  has  continued  his  valuable 
work  of  the  Theory  of  Dimensions,  and  has  lately  taken  *  position  *  into 
account.  It  was  hoped  that  he  would  communicate  some  of  his  recently 
obtained  results  at  this  meeting,  and  thus  bear  witness  to  the  importance 
of  vectors  in  this  direction. 

*  See  his  paper,  •  Classification  of  Physical  Quantities,'  Proc,  Lond,  Math,  St*r., 
vol.  iii.  p.  224. 

*  Professor  Joly  has  pointed  out  to  mo  that  Hamilton  has  alsQ  coosl^^ed  th^se. 
Id  his  unpublished  papers  he  calls  them  '  tractors.* 
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With  regard  to  vectors  as  entering  into  the  study  of  the  relations 
between  physical  quantities,  Maxwell  speaks  against  quaternionic  opera- 
tions^ but  he  has  no  word  against  vectors.  He  never  makes  use  of 
quaternions  in  his  great  work,  but  in  the  second  volume  constantly  uses 
vectors,  and  gives  at  the  end  his  final  results  in  the  form  of  vector 
equations.*  In  the  passage  quoted  he  states  clearly  why  he  uses  Cartesian 
methods,  and  I  cannot  help  thinking  that  he  would  have  used  vector 
methods  throughout  if  he  had  found  ready  to  hand  a  vector  analysis 
instead  of  a  theory  of  quaternions,  and  if  such  analysis  had  been  common 
property. 

At  present  every  electrician  expresses  himself  in  terms  of  Faraday's 
lines  of  force  ;  all  elementary  text-books  use  them,  and  by  their  aid  the 
elements  of  electricity  and  magnetism  have  been  made  extremely  simple. 
Theorems  which  formerly  could  be  proved  only  by  the  aid  of  a  consider- 
able amount  of  analytical  work  are  now  proved  in  a  few  lines  of  reason- 
ing, and  often  in  a  much  more  convincing  manner.  But  when  a  certain 
point  is  reached  there  is  an  hiatus.  The  more  advanced  parts  of  the  science 
are  still  only  accessible  by  aid  of  the  old  methods  of  the  differential  or 
integral  calculus,  using  co-ordinates  of  points  and  components  of  forces. 
These  results  are  therefore  inaccessible  to  all  who  have  not  been  able  to 
spend  years  on  pure  mathematics.  Most  physicists  and  electricians  have 
neither  inclination  nor  time  to  do  this.  To  bridge  over  the  hiatus  and  to 
introduce  continuity  in  treatment  requires  vector  analysis. 

The  subject  itself  is  not  difficult,  and  would  become  very  easy  if  the 
first  elements  of  vector  algebra  (which  are  very  simple)  were  introduced 
into  the  school  curriculum. 

Vector  addition  is  already  known  from  the  composition  of  forces.  There 
come  next  two  products  of  two  vectors  each — the  scalar-product  and  the 
▼ector-product.  The  former  is  simple  enough,  as  it  follows  all  laws  of 
common  algebra  with  the  exception  of  one  which,  although  the  law  which 
distinguishes  it  from  all  other  algebras,  is  generally  not  even  mentioned 
in  English  text-books.  It  is  the  law  that  a  product  can  vanish  only  if 
one  factor  vanishes.  The  second,  the  vector- product,  requires  more  care 
in  manipulation  in  so  far  as  the  commutative  law  does  not  hold.  In  addi- 
tion to  these,  two  products  of  three  factors  have  to  be  considered,  and  the 
whole  algebra  is  complete. 

We  have  next  to  consider  variable  quantities.  If  t^  is  a  scalar-function 
of  the  position  of  a  point,  hence  of  the  position-vector  p,  then  u  =  const. 
represents  a  surface  which  may  be  called  a  t(-surface.  If  u  is  one- valued, 
through  every  point  one  such  surface  can  in  general  be  drawn.  Thus 
space  becomes  filled  with  these  surfaces,  which  are  constantly  used  undei 
the  name  of  equipotential,  isothermal,  <&c.,  surfaces.  Similarly  if  rj 
denotes  a  vector,  varying  from  point  to  point,  lines  which  may  be  called 
ii  lines  are  formed  by  drawing  at  any  point  the  vector  17,  going  along  it 
through  an  infinitesimal  distance,  and  drawing  here  the  new  vector. 
These  are  Faraday's  lines  of  force  in  their  purely  geometrical  aspect. 
They  give  the  direction  of  17  at  every  point,  but  not  the  magnitude. 
This  Faraday  introduced  also  in  the  well-known  manner  by  drawing  only 
some  of  these  lines  so  that  the  number  of  the  lines  which  cross  a  given 
area  represents  the  magnitude  of  77. 

See  also  his  little  book  Matter  and  Motion, 
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If  now  d  T  denotes  an  element  of  a  surface,  as  a  vector  normal  to  the 
surface,  then 

ifdr  ^{ridr) 
gives  the  number  of  ly-lines  crossing  the  element  and 


fridi 


extended  over  a  finite  area,  the  number  which  cross  this  area. 

The  differentiation  of  a  vector  with  regard  to  a  scalar,  say,  the  time, 
is  very  simple  and  offers  nothing  new,  although  some  results  are  striking. 
The  variation  of  a  function  of  p  due  to  a  displacement  of  the  point  or  a 
change  of  p  requires  Hamilton's  operator  v* 

This  operator  is  of  the  nature  of  a  vector  and  can  operate  on  a  scalar 
or  a  vector  function,  and  on  the  latter  in  two  ways.  The  three  results 
thus  obtained  are  of  such  physical  importance  that  Maxwell  has  given 
them  special  names.  From  a  scalar  u  we  get  the  vector  v  ^9  which  is 
a  vector  existing  in  general  at  every  point  where  u  exists  and  is  normal 
to  the  2^-surface  through  the  point  considered.  Maxwell  calls  it  the 
dope  ofu. 

If  the  operand  is  a  vector  17  the  two  results  are,  in  Hamilton's  notation 
with  Maxwell's  name, 

S  v;  =  convergence  of  ly, 
V^i;s=curl  ly. 

Instead  of  the  former  we  have  in  vector  analysis  (x?  1?)  =  v?  =  —  S  v  »lf 
which  has  been  called  by  Clifford  the  divergence  of  »y,  is  written  by  Heavi- 
side  Div.  ly.  I  have  found  it  convenient  to  introduce  for  Vy  or  *  curl  *  a 
special  symbol,  a  v  with  an  arrow-head  rising  from  the  top. 

A  v-cal<^u|us  has  been  worked  out  in  connection  with  quaternions  bj 
Tait,  and  recently  by  Professor  Joly.  The  same  can  be  done  in  vector 
analysis,  and  a  good  deal  has  been  done  (by  Heaviside,  Gibbs,  and  othen). 
It  de^serves  to  be  established  as  a  purely  mathematical  theory. 

Various  applications,  partly  physical,  partly  relating  to  pure  mathe- 
matics, were  given  at  the  meeting  which  are  here  omitted. 

A  few  words  about  the  teaching  of  vectors  at  school.  My  idea  is 
that  they  should  be  introduced  before  trigonometry  is  begun,  soon  after, 
and  in  connection  with  the  use  of  squared  paper,  by  plotting  points  from 
given  position-vectors,  and  curves  from  simple  vector-equations. 

The  decomposition  of  a  position-vector  gives  the  co-ordinates  (rf  a 
point  together  with  their  sense^  and  then  the  equations 

x=ir  cos  6,        y=r  sin  Q 

lead  to  general  definitions  of  the  trigonometrical  functions  holding  for  all 
four  quadrants. 

In  the  discussion  which  followed,  and  in  which  the  President  of  the 
Section,  Professor  Bolzmann,  Professor  Larmor,  Sir  Oliver  Lodge,  Dr. 
Sumpner  and  others,  and  Professor  Joly  and  Mr.  Swinburne  by  letter, 
took  part,  no  voice  was  raised  against  the  extended  use  of  vectors,  but 
nearly  everyone  expressed  the  wish  that  an  agreement  should  be  come 
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to  aboat  the  notatioQ  used,  and  I  have  been  asked  to  give  a  short  account 
of  those  now  in  use. 

Hamilton  denotes  vectors  by  small  Greek  letters.  Maxwell  changed 
these  to  German  capitals,  and  Heaviside  these  again  to  bfock  letters. 
Gibbs  and  likewise  German  authors  use  heavy  type,  the  same  letter  in 
ordinary  type  standing  for  the  tensors. 

With  regard  to  the  notation  of  products  greater  divergency  exists, 
and  besides  the  scalar-product  of  Hamilton  differs  in  sign  from  that  of 
vector  analysis.  Keeping  this  in  mind  the  following  table  will  explain 
itself:— 


Author            Name  of  Prodoot'        Symbol 

Nftme  of  Product 

Symbol 

Hamilton 

.     Scalar   . 

!  Safi 

Vector   . 

\afi 

Uazwell 

•  1       »» 

i  8X25 

n             • 

vxs 

1  Heaviside 

►        •         »» 

AB 

»»            •           • 

VA8 

t  HeDTicl 

t» 

.  '  (a/3)  =  a3 

l»            •           • 

[««or[A.B] 
[afi] 

LorenU 

f» 

\a$ 

It             •           • 

1  Graieman 

.     Inneres 

i  A|B 

Aeusseres 

A.B 

Gibbs 

.     Direct 

I  a.borA.B 

Vector  or  skew 

a  X  b  or  A  B 

Peano 

.     Geometric 

AxB 

— 

— 

I  have  used  brackets  for  years  and  found  them  convenient.  I  was  led 
to  ihem  because  I  often  found  it  confusing  to  decide  at  a  glance  how  far 
Hami]t<m'8  ^mbols  S  and  V  extended,  and  had  to  introduce  brackets 
to  make  this  clear. ^  Professor  Lorentz  has  adopted  the  same  notation. 
Gibbs  uses  brackets  [A  B  C]  for  the  scalar-product  of  three  vectors,  which 
otherwise  would  appear  as  A .  B  x  C. 

There  is  a  further  product  in  quaternions  which  we  may  call  the 
quaternion-product.     Hamilton  denotes  it  by  a  /3  with 


or,  in  my  notation, 


a/3=sSa/3+VaA 


"i8=-(«/3)  +  [a/3]. 


This  gives  rise  to  a  product  a  ft  y  tot  which  the  associative  law  holds, 
and  is  a  chief  point  in  the  theory  of  quaternions,  the  product  being  a 
quaternion. 

Professor  Joly  in  his  letter  shows  that  the  theory  of  quaternions  can 
be  based  directly  on  this  product  by  investigating  the  laws  which  make 
the  associative  law  true  for  a  ft  y. 

In  this  way  a  quaternion  becomes  defined  by  the  product  of  two 
vectors  instead  of  by  their  quotient,  and  thus  the  theory  of  quaternions 
can  be  much  simplified. 

But  if  vector  algebra  has  been  studied  independently  of  quaternions 
then  anyone  who  still  wishes  to  study  the  latter  can  do  so  at  once  by  aid 
of  the  above  equation  as  definition  oi  a  ft,  which  is  a  quaternion. 

NoTB. — I  learn  from  the  January  number  of  the  *  Jahresbericht  d. 
Deutsch.  Mathematiker-Y ereinigung '  that  on    September  24,  1903,  at 


'  Hankel  must  hare  felt  the  same,  for  he  writes  Hamilton's  prodacts  thn? : 
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the  Naturforscherversammlang  in  Kassel,  L.  Prandtl  in  Hanover  read  a 
paper  about  a  uniform  notation  in  vector  algebra.  He  recommends  the 
notation  of  Gibbs. 

A  Committee  was  appointed  to  consider  the  whole  question. 


Meteoroloijical  Ohservatioits  on  Ben  Nevis, — Report  of  the  Commitlee, 
consisting  of  Lord  M'Larex,  Professor  A.  Crum  Brown  (Secreianj), 
Sir  John  Murray,  Professor  Copeland,  and  Dr.  Alexander 
BucUAN.    (Drawn  up  by  Dr.  BuCHAN.) 

The  Committee  was  appointed  as  formerly  for  the  purpose  of  co-opei-ating 
with  the  Scottish  Meteorological  Society  in  making  meteorological  obser- 
vations at  the  two  Ben  Nevis  Observatories. 

The  hourly  eye-observations  have  been  made  at  the  High  Level  Obser- 
vatory by  Mr.  Rankin  and  his  assistants,  by  day  and  night  without  interrup- 
tion. At  the  Low  Level  Observatory  in  Fort  William  the  self -registering 
instruments  have  been  in  continuous  use  throughout  the  year. 

The  health  of  the  observers  has  been  good.  The  Directors  cordially 
thank  Messrs.  Robert  Aitken,  W.  Gentle,  and  H.  D.  Robb  for  their  valuable 
services  as  volunteer  observers,  thus  rendering  it  possible  to  give  the  mem- 
bers of  the  regular  staff  vacation  and  rest  during  the  summer. 

The  principal  results  of  the  observations  made  at  the  two  Observatorief 
during  1902  are  detailed  in  Table  I. 


Table  I. 


Jan.  I  Feb. 


March 


April    May    June    July  '  Aug.     Sopt .  Oct.    Nor.     Dec.  1  Year 


I 


Mean  Pr/wture  in  Tnehe9. 


BenNerlsOb- 

aeiTatory 
Port  William 
Differences  . 


Benl^erlsOb- 

Bcrratory 
Fort  William 
Differences  . 


25-316;  S5-i99i  26-080  26-295;  25-350  25*426  25-426'  25-365|  26-47e"  25-85I!  26-lM  J5-MJ|  2WW 

'         '  I  I  I         !         I  I  I         I         <  > 

29-841,  29HJ50  29*894  29-958  29-924' 29-946  29*868;  29*990  2»-904  29*752,  2»*874i  tW7f 
4-642.    4-670|   4-599!    4-608,   4-498i   4-5l9|   4-498|   4-614i   4-558I    4*566t    4-812;   4-569 


29959 
4-643 


Mean  Temperatures. 


24^*0 

rf. 

it'9 

2A 

2h 

2^ 

3^*7 

3^*9 

tie 

tfs 

2^ 

38-6 
14-6 

36*0 
13-9 

41*9 
161 

44-4 

17-3 

45-2 
17-6 

54-6 
14-9 

54-0 
16*3  1 

54*0 
161 

53*«? 
15*0 

47*1 
14-8 

47*1 
17*2 

S6-0  I    to-? 


41-0  ' 
15-0  I 


46*4  . 
W7 


Ben  Nevis  0b> 

serratory 
Port  William  '   61*0 
Dlffezenoe*.   |   14*5 


36*5      37-1 


Extremes  of  Temperature :  Marima, 

35*5  '    37*6  )   46-9  '   66-4  i   63*1  '   47-9  t   50*0  : 


46-5  ;    40*3      45-0      ^-4 


62-3  I 
15-2  I 


51-0      61*6  I    59*4 
16-5  I   24*0  t    12-5 


80-0 
13-6  I 


66*9 
13-8 


65-4  '    0;*9 
17-5  I   17-9  i 


58-7 
13-2  I 


69-6  I 
19*8  I 


65^ 

10^ 


8(M 
t4-0  i 


BenNerisOb- 

servatory 
Fort  William 
'  Differences  . 


Rttremes  of  Temperature :  Minima. 

8-1  '    12-8      16-3  •    16-1  '    23-8  '    28*1      281  l   231 


24-9  .    20*3  I    lS-2        rc 


12-4 
6-8 


14-9      26-2 
i      6-8  !    18-4 


28-0      80-6  1    89*9  . 
11  7  I    14*5  ;    16*1  I 


41*5  I 
13*4  \ 


41-2  I 
13*1  I 


861 
13-0 


Hainfall  in  Inches, 


BenNevisOb- ;  34-75  I    3-SG '  18-73      9-87 

servatury     i  I 

Port  WlUinm  \  10-03  1 
Olfferenoet    .\  14*72  j 


1-07      7-58 
2*29  I  11*15  I 


3-38 
6-49 


15-84  1    2*91  i  12-22 


4-63 
11*21 , 


1*62 
1-29. 


3-65 
8-57 


9-87!  12*46 
4-95 1    5*49 


81*2 
6*3 


16*81  I 

rofi! 


86*6 
15*3 


24-4 
11-2 


12^ 
6-« 


7-86    28-48  UTl 

I  I 

8-78 


nu^m^t  "•*» 


9*14    64*6 
92-7 
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Table  l.-^continued. 


1    1»> 

;,«. 

Feb. 

0 

0 
0 

Marob 

April 

May  1  Jane  |  JaJy  .  Aof .    Sept. 

Oct. 

•  1 

Not. 

3 

0 
3 

Dec. 

9    . 

1 
8 

Yeu- 

BnNtrisOb- 
nrvfttery 

FortWUlUm 
DiffetmoM  . 

"  1 

I 
11     1 

Nnmber  of  Iktys  1  in,  or  more  fell, 

7|S|S           0|S'S|4 

1   i    0       1        0       oils 

lejs.i        0       sills 

49 

9 

40 

Numher  of  Dayt  0-01  in,  or  more  fell 

t 

\ 

BcaNerisOb- 

MrratorT 

nvtWillUm 

DUEmooes  . 

1     s 

13 

14 

-1 

SS 

S9 

,  -I 

19 

SO 

-1 

S8         14 

SS         14 

6          0 

S3 

19 

4 

S»         S6    , 

SS    j     SS 
8     1      4 

"  1 

S4 

SI 
3 

SS 

SI 

1    1 

S69 

S48 
SI 

Mean  Bainband  (&afe  0-8). 

BenKerisOb- 

Mrralory 
Port  VUli«D 
DUfcrwoM  . 

«1  1 

1 

3fi 
1-4    ! 

1-3 

8-0 
1-7 

1    0-8   •    S-l 

3-8        3-4 

3-0   j     1-8 

S-9        S-3        36   :    SH)   '    SI 

8-8        3  8        8-9        4-0        4-0 
0^        1-6    1    0-4    i    Si)   :     1-9 

S-7   1 
0-9    I 

8-8 

84 
0-6 

s-l 

.3-6 
1-6 

S^ 

3-7 
15 

J)ri$mbc*  of  Hourt  of  Bright  Sunthine, 

BenKtrisOb- 

•erratonr 
FonWlUiam 
IHS«r«acM   . 

1     '' 

64 

S9    1    8S     1    45       131         »5    i     81    1    40 

50 

19 

!    21 

601 

\s 

n 

63     ,  163     1  IS6        166        119       101     j     60 
.    36     ,    80    ;    81    i    34    1     17    .    67     1     Sv) 

88 

88    1 

40 
31 

i    31 
•       0 

(1,030 
,  439 

Mfian  Hourly  VeloeUy  of  Wind  in  MiU$. 

BeoHertoOb- 
terrstory 

i 

13 

19 

13         16    i     10    1     11     1      9           8         IS 

Percentage  of  Cloud, 

14 

28 

SO 

" 

BaSertoOb 

.;    89 

77 

9S 

76         93 

76 

93 

93         86 

83 

9S 

1    ?4 

1 

8. 

Ml  ff  Mory 
Fbrt  WiUiMX 
UtfferaooM 

I       80 
6 

U 

81 
11 

64         84 
IS           9 

78 

8 

84 
8 

83         8S 
10           4 

69 
IS 

71 
SI 

76 

18 

76 
10 

The  above  table  shows  for  1902  the  mean  monthly  and  extreme 
temperature  and  pressure  ;  the  amounts  of  rainfall  ;  the  number  of  days 
of  rainfall,  and  the  days  on  which  it  equalled  or  exceeded  1  inch  ;  tne 
hours  of  sunshine ;  the  mean  rainband ;  the  mean  velocity  in  miles  per 
hour  of  the  wind  at  the  top  of  the  mountain  ;  and  the  mean  cloud 
amount.  The  mean  barometric  pressures  at  Fort  William  are  reduced  to 
32®  and  sea-level ;  but  those  at  feen  Nevis  Observatory  to  32°  only. 

At  Fort  William  the  mean  atmospheric  pressure  was  29  87  9  inches, 
or  0-022  inch  above  the  average,  whilst  the  mean  at  the  top  was  25*310 
inches,  or  0*004  inch  above  the  average.  The  mean  difl'erence  for  the 
two  Observatories  was  4*569  inches,  the  mean  monthly  difference  varying 
from  4*498  inches  in  June  and  August  to  4*643  inches  in  January.  At 
the  top  the  absolutely  highest  pressure  for  the  year  was  26*258  inches  at 
11  P.M.  on  January  81,  and  at  Fort  William  31*103  inches  an  hour 
earlier  on  the  same  day.  These  are  the  highest  barometric  readings 
hitherto  recorded  at  the  Observatories,  though  they  were  closely  approached 
in  January  1896.  They  occurred  while  the  British  Isles  lay  under  an 
anti-cyclone  of  extraordinary  intensity,  and  on  the  top  of  the  mountain 
the  barometer  remained  above  26  inches  from  6  p.m.  on  January  30  till 
S  P.M.  on  February  2  ;  whilst  at  Fort  William  the  sea-level  pressure 
exceeded  31  inches  from  5  p.m.  on  January  31  till  1  p.m.  on  February  1. 
At  the  top,  the  lowest  pressure  for  the  year  was  24  000  inches  on 
December  29,  and  at  Fort  William  28*412  inches  on  the  same  day.  The 
difference  of  the  extremes  at  top  and  bottom  were,  therefore,  2*258  inches 
«,d  2-6S1  inches  respectively.  ^.^^^^^  ^^  L^OOglC 
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The  deviations  of  the  mean  temperatures  of  the  months  from  their 
averages  are  shown  in  Table  II.  : — 

Table  II. 


Fort 

Top  of 

Fort 

Topol 

WMliam. 

BcuXeri*. 

WiUiam. 

BenNerii. 

January   . 

o 
.   -06 

-6-^2 

July.        .        . 

o 
.   -3  3 

-3  3 

February  . 

.   -31 

-1-5 

Aag:nst     . 

.   -31 

-2  7 

March      . 

.    +1-6 

+  1-8 

September 

.   +0-3 

+  0-5 

April 

.   -0-6 

-0-7 

October    . 

.   -0-5 

+  0-9 

May 

.    -4-7 

-5-4 

November 

.   +5-0 

+  0-9 

Jane 

.   -1-3 

-0-2 

December 

.   +10 

+  0-7 

The  most  remarkable  feature  of  the  year  as  regards  temperature  was 
the  continued  de6ciency  from  April  to  August.  At  both  Observatories 
the  mean  temperature  of  May  was  only  fractionally  above  that  of  April, 
whilst  at  the  top  the  mean  of  the  month  was  fully  10°  below  that  of 
May  1901.  The  differences  for  November  are  curious.  At  Fort  William, 
as  over  Scotland  generally,  the  mean  of  the  month  was  greatly  above  the 
average,  whilst  at  the  top  there  was  a  comparatively  small  excess,  tiie 
main  features  of  the  weather  there  being  a  very  low  rainfall,  little  sun- 
shine, and  an  atmosphere  almost  continuously  saturated.  The  month 
was  characterised  by  a  great  excess  of  strong  winds  from  E.  and  S.E.,  and 
the  weather  was  chiefly  of  the  cyclonic  type.  The  absolutely  highest 
temperature  for  the  year  at  Fort  William  was  80°0  on  June  29,  and  at 
the  top  66^-4  on  June  28  ;  the  lowest  at  Fort  William  being  12^-4  on 
January  30,  and  at  the  top  6° -6  on  January  26. 

In  Table  III.  are  given  for  each  month  the  lowest  observed  hygro- 
metric  readings  at  the  top  of  Ben  Nevis  (reduced  by  means  of  Glaisher's 
Tables)  :— 


Table  III. 

190S 

1  Jon.  1  Feb. 

Mar. 

AprU    May 

June 

July 

Aug. 

Sept. 

Oct. 

NOT. 

Doc  i 

Dry  Bulb 

ih  I   ill 

26-0 

20-0  1    26-9 

65% 

48-0 

38-5 

46-3 

iU 

2J. 

23* 

Wet  Bulb       .       . 

16-1       16-1 

17-0 

ICO      230 

60-0 

32-3 

33-5 

33-0  ! 

35-5 

1^8 

17-0 

Dew-point      . 
Elastic  Foree. 

-23-8    -23-3 

-27-2 

-12-4         61 

37-7 

22-3 

26-8 

18-4' 

25-9 

-0-4 

-20-8 

•013      '014 

•Oil 

•024      -064 

•226 

•119 

•146 

•100 

•140 

•(M3 

•016 

Relative  Humiditv 

11  ;      11 

8 

22  ;      37 

SG 

48 

62 

32 

49 

35 

i^* ; 

[Sat. =100] 

1 

j 

Day  of  Month 

.^l  1        1 

28 

3  !        9 

28 

21 

12 

8 

1 

22 

7  1 

Hour  of  Day  . 

17           1 

1 

10  .        6 

l(i 

10 

24 

10 

10 

1 

16  ' 

Of  these  relative  humidities,  the  lowest,  8  per  cent,  occurred  on 
March  28,  with  a  dew-point  of  -27° '2,  that  being  the  lowest  dew-point  for 
the  year.  The  minimum  humidity  for  August  is  unusually  high.  During 
that  month  the  atmosphere  was  continuously  saturated  on  fifteen  days, 
rainfall  and  sunshine  being  both  deficient.  November  was  a  remarkable 
month,  from  the  Ist  to  the  ISth  and  from  the  23rd  to  the  30ih  being 
periods  of  uninterrupted  saturation,  whilst  on  only  five  days  was  the 
Observatory  not  continuously  enveloped  in  mist. 

The  rainfall  for  the  year  at  the  top  was  157*10  inches,  or  057  inch 
below  the  mean  of  18  years  ;  whilst  the  annual  amount  at  Fort  WiUiam 
was  64*32  inches,  or  12*35  inches  below  the  average  for  the  same  period. 
Thus,  at  the  foot  of  the  mountain,  as  over  Scotland  generally,. the  7«ar 
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WIS  a  very  dry  one,  whilst  at  the  top  the  amount  of  precipitation  was 
pradacallj  eqaal  to  the  average.  The  monUilj  amounts  at  the  top, 
however,  showed  some  notable  irregularities.  Thus  January  was  a  very 
wet  month,  with  a  rain&^l  about  8  inches  above  the  mean,  whilst  the 
following  month  had  a  deficiency  of  about  9  inches,  and  was  the  second 
driest  February  on  record.  Again,  the  rainfall  of  May  was  more  than 
twice  the  normal,  being  the  largest  total  for  that  month  during  the 
aeries  of  observations;  whilst,  on  the  other  hand,  the  rainfall  for 
November  was  the  smallest  amount  yet  recorded  for  that  month,  being 
(mly  a  little  more  than  half  the  average.  At  the  top  of  the  mountain, 
the  greatest  fall  recorded  in  a  single  day  was  5*92  inches  on  May  27,  the 
oorreqxmding  fall  at  Fort  William  being  1*83  inch  ;  whilst  the  maximum 
daily  amount  at  Fort  William  was  1*99  inch,  on  January  19,  the  fall  at 
the  t(^  on  that  day  being  2*12  inches. 

At  the  top  of  Ben  Nevis  the  number  of  rainy  days  was  269,  and  at 
Fort  William  248,  the  corresponding  numbers  for  1901  being  259  and 
235.  A  feature  of  the  weatiier  of  the  year  over  the  country  generally  was 
that,  though  the  rain&dl  was  much  below  the  normal,  there  were  more 
than  the  average  number  of  rainy  days.  Thus,  at  Fort  William  the  rain- 
fall for  the  year  was  16  per  cent,  below  the  normal,  and  yet  there  were 
15  more  than  the  average  number  of  days  of  rain.  At  the  top  the 
number  of  rainy  days  was  8  above  the  average.  In  each  of  the  months 
of  February,  March,  and  April,  the  number  of  rainy  days  was  one  more 
at  the  foot  than  at  the  top  of  the  mountain,  the  greatest  number  of  rainy 
days  in  a  month  at  either  station  being  29  in  March  at  Fort  William, 
and  the  least,  13,  in  February  on  Ben  Nevis.  During  the  year  the  num- 
ber of  days  on  which  1  inch  or  more  fell  at  the  top  was  49,  whereas  at 
Fort  William  the  number  of  such  days  was  only  9.  The  corresponding 
nnmb«*8for  1901  were  54  and  10. 

The  sunshine  recorder  on  Ben  Nevis  registered  601  hours  out  of  a 
possible  of  4,473  hours,  or  13*5  per  cent,  of  the  possible  sunshine,  being 
146  hours  below  the  average  of  19  years.  So  little  sunshine  has  not  been 
recorded  since  1890,  when  the  annual  amount  was  590  hours.  June  was 
the  sunniest  month  of  the  year,  with  131  hours,  being  4  more  than  the 
average  and  25  per  cent,  of  the  possible.  The  amount  for  May  was  only 
45  hours,  being  no  less  than  75  hours  below  the  mean  and  the  least  re- 
corded in  that  month  since  1885.  At  Fort  William  the  annual  amount 
was  1,030  hours,  being  the  smallest  total  in  12  years  and  103  hours  below 
the  average  for  that  period.  May  and  November  differed  most  from  their 
averages,  being  respectively  40  and  4B  hours  below  the  normal  for  these 
months. 

At  the  Ben  Nevis  Observatory  the  mean  percentage  of  cloud  was  86, 
and  at  Fort  William  76,  both  a  little  above  the  average.  At  the  top,  May 
and  August  were  the  cloudiest  months,  each  with  93  per  cent.  No  month 
at  either  place  had  a  very  low  cloud  amount,  whereas  in  May  1901  the 
amounts  at  top  and  bottom  respectively  were  56  and  52  per  cent. 

Auroras  were  observed  on  February  7  ;  December  22,  23. 

St  Elmo's  Fire  -.—March  12  ;  April  13  ;  May  4,  5  ;  October  30 ; 
December  25,  28. 

Zodiacal  Light : — Not  observed  during  the  year. 

Thunder  and  Lightning  : — June  25  ;  December  28. 

Lightning  only  : — January  3,  4. 

Solar  HaSos  .-—February  18 ;    March  16,  24;   April  29  (with  Mock. 
Suns) ;  May  10,  16,  21  ;  July  21 ;  September  19  ;  October  12,  28.'^08^^ 
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Lunar  Halos  :— January  20,  26,  27  ;  February  17,  18  ;  March  28  ; 
September  19  ;  December  11,  14, 

The  question  of  the  advisability  of  continuing  the  work  at  the  Ben  Neiris 
Observatories  has  lately  been  under  consideration,  and  your  Committee 
consider  it  advisable  to  state  here  briefly  the  past  history  of  the  Observa- 
tories and  their  present  position,  especially  in  relation  to  the  value  of  the 
Observatories  in  forecasting  weather. 

The  Meteorological  Council,  in  1887,  when  supplying  information  for  a 
reply  to  a  question  put  in  the  House  of  Commons  about  the  Ben  Nevis 
Observatory,  stated  that  certain  telegrams  which  had  been  sent  from  Ben 
Nevis  Observatory  at  their  request  were  useless  for  forecasting  purposes. 
This  statement  was  understood  by  the  public  to  mean  that  the  whole  work 
at  Ben  Ne\'is  Observatory  was  useless  for  forecasting.  This  view  of  the 
matter  was  corrected  (1)  in  a  letter  to  *The  Times'  by  Mr.  Omond,  and 
(2)  in  a  Report  to  the  meeting  of  the  British  Association  from  their  Den 
Nevis  Committee  in  1887. 

The  Low  Level  Observatory  at  Fort  William,  built  by  the  Scottish 
Meteorological  Society,  and  equipped  with  the  necessary  instruments  by 
the  Meteorological  Council,  was  opened  in  July  1890.  The  full  and 
complete  equipment  of  this  Low  Level  Observatory  at  Fort  William  by 
the  Meteorological  Co\incil  constitutes  a  feature  of  the  first  importance  in 
the  history  of  the  two  connected  Observatories.  During  the  period  of  the 
last  thirteen  years  the  High  and  Low  Level  Observatories  have  been  in 
complete  working  order,  furnishing  in  combination  the  simultaneous 
hourly  observations  which,  in  the  opinion  of  your  Committee,  were 
essential  in  the  inquiries  instituted  at  these  Observatories  into  weatho: 
changes  and  general  meteorology. 

As  regards  the  seven  years  previous  to  1890,  when  there  were  no 
hourly  observations  at  the  Low  Level  Observatory,  what  happened  in 
relation  to  forecasting — that  is,  to  efforts  to  use  high  level  observations 
in  forecasting — is  told  in  the  following  extract  from  the  Report  of  this 
Committee  to  the  British  Association  in  1887  : — 

Extract  from  Report  of  Ben  Nevis  Committee  of  British  Association^  1887. 

'On  the  evening  of  August  23,  1887,  there  was  a  discussion  in 
Parliament  on  the  Vote  for  the  Learned  Societies,  and  in  that  discussion 
the  next-morning  newspapers  reported  that  Mr.  Jackson,  of  the  Treasury, 
Sir  John  Lubbock,  Sir  E.  Birkbeck,  and  others,  argued  against  any  grant 
to  the  Observatory,  on  the  ground  that  the  Meteorological  Council, 
composed  of  men  of  the  very  highest  scientific  standing,  had  given  it 
as  their  opinion  that  the  practical  results  to  be  obtained  from  the 
Ben  Nevis  Observatory  did  not  warrant  the  grant  asked  for  from  the 
Treasury. 

*A  word  as  to  this  opinion.  The  Meteorological  Council  recently 
printed  a  memorandum  "On  Occasional  Telegrams  from  Ben  Nevis," 
signed  Frederick  Caster,  which  was  forwarded  to  the  Treasury  some  time 
before  the  discussion  came  on  in  Parliament.  A  copy  was  also  sent  to 
the  Directors  of  the  Observatory  by  instructions  from  General  Strachey. 
The  memorandum  concludes  thus  :  "  In  their  existing  form  the  telegrams 
(from  Ben  Nevis)  are  absolutely  useless." 

'The  whole  question  turns  on  the  meaning  of  the  phrase  *' their 
existing  form,"  which  a  few  sentences  will  explain.         .  v^  ^  ^i  ^ 
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*When,  in  December  1883,  the  offer  of  the  Directors  to  send  daily 
telegrams  from  the  top  and  bottom  of  the  mountain  was  declined,  the 
Meteorological  Office  asked  instead  for  occasional  telegrams  in  these 
wends  :  "  We  wish  Mr.  Omond  to  use  his  own  discretion,  and  telegraph 
to  08  whenever  any  very  striking  change  of  conditions  or  a  special 
phenomenon  of  great  interest  is  recorded."  It  will  be  noted  that  the 
Meteorological  Office  made  no  mention  whatever  of  storms.  Since 
December  1883  Mr.  Omond  has  sent  such  telegrams  as  appeared  to  him  to 
be  wished,  and  no  application  has  been  made  for  upwards  of  three  years 
for  more  frequent  telegrams  or  any  other  information,  only  that  some 
time  ago  a  request  was  forwarded  that  every  effort  be  made  that  the 
telegrams  do  not  exceed  the  sixpenny  charge. 

'  The  request,  it  will  be  noticed,  was  for  telegrams  whenever  any  very 
itriking  change  of  conditions  was  recorded.  Now,  as  a  matter  of  fact, 
no  telegram  has  been  sent  with  reference  to  all  those  storms,  forming 
the  immense  majority  of  storms,  which  have  not  been  preceded  or 
sccompanied  by  a  very  striking  change  of  conditions.  But,  further, 
several  telegrams  were  sent  because  it  seemed  to  Mr.  Omond  that  the 
very  striking  change  of  conditions  which  occurred  prognosticated  settled 
toealher.  Now,  in  drawing  up  the  memorandum  for  the  Treasury  all 
these,  as  well  as  the  other  telegrams  sent,  were  classed  together  by  the 
Meteorological  Office,  and  treated  as  if  they  had  been  intended  by 
Mr.  Omond  to  be  prognostic  of  storms,  and  the  nineteen  telegrams  sent 
wov  assumed  to  be  all  the  warnings  of  storms  which  the  Observatory 
could  send  to  the  office  in  London.  From  these  data,  so  arranged  for  and 
collected  and  interpreted,  the  decision  was  come  to  that  *'  in  their  existing 
form  the  telegrams  from  Ben  Nevis  are  absolutely  useless."  It  might  have 
been  predicted  before  a  single  telegram  was  received  that  no  other  than 
sach  a  decision  could  possibly  have  been  arrived  at. 

'  While  the  statement  that  "  in  their  existing  form  the  telegrams  are 
absolutely  useless ''  is  thus  unquestionably  correct,  it  is,  nevertheless,  void 
of  all  meaning  as  respects  the  matter  in  hand.  What  has  been  done  is 
not  an  investigation,  and  it  is  not  science.  But  the  statement  underwent 
a  transforming  process  in  its  passage  to  the  House  of  Commons,  appealing 
in  this  form,  viz. :  "  The  Ben  Nevis  observations  are  absolutely  useless  in 
forecasting  weather'' — a  statement  of  which  it  is  enough  to  say  that  it  is 
incorrect.  The  Meteorological  Office  has  yet  to  take  the  first  step  towards 
commencing  an  investigation  into  the  utility  of  the  Ben  Nevis  observa- 
tions for  forecasting  purposes. 

*0n  the  other  hand,  the  Council  of  the  Scottish  Meteorological  Society, 
strengthened  as  regards  the  direction  of  the  Observatory  by  representatives 
of  the  B.oyal  Societies  of  London  and  Edinburgh  and  the  Philosophical 
Society  of  Glasgow,  includes  men  of  equal  scientific  merit  with  any  other 
Meteorological  Council  in  the  country  ;  and  after  some  years'  investigation, 
their  opinion  is  that  the  Ben  Nevis  observations  are  of  the  highest  utility 
in  the  development  of  meteorology  and  in  framing  forecasts  of  storms 
and  weather  for  the  British  islands.' 

Since  1890,  when  the  High  and  Low  Observatories  came  into  operation, 
00  weather  telegrams  have  been  asked  by  or  been  sent  to  the  Meteoro- 
logical Council,  either  from  the  High  or  Low  Level  Observatories,  for 
forecasting  purposes.  Further,  so  far  as  your  Committee  are  aware,  the 
Meteorological  Council  have,  officially,  neither  expressed  an  opinion  as  to 
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the  valae  of  these  ohservations  in  forecasting,  nor  instituted  any  examina- 
tion of  the  records  of  the  Ben  Nevis  Ob^rvatories  with  the  view  of 
testing  their  possible  value  in  forecasting. 

As  regards  the  future  of  fche  Observatories,  it  may  be  stated  that  last 
summer  the  Directors  resolved  that  the  two  Observatories  should  be  closed 
in  October  last  year.  They  issued  a  memorandum  which  stated  that  the 
Observatory  on  the  top  of  Ben  Nevis  had  been  in  existence  for  nearly 
nineteen  years,  that  it  had  been  built,  equipped,  and  very  largely  supported 
during  the  whole  of  that  time  by  voluntary  subscriptions,  and  that  they 
considered  the  time  had  come  when  it  should  either  be  closed  or  continiied 
as  a  State-supported  institution. 

Shortly  siter  the  publication  of  this  memorandum,  however,  a  Com- 
mittee of  Inquiry  into  the  expenditure  of  the  annual  Parliamentary  grant 
of  15,300Z.  for  meteorology  was  appointed,  and  representations  were 
made  to  the  Directors  from  various  quarters  that  it  would  be  well  if  the 
work  at  the  two  Observatories  was  continued  without  interruption  till 
the  Committee  had  reported.  Your  Committee  are,  with  much  satis- 
faction, able  to  report  that  within  a  few  weeks  sufficient  funds  were 
obtained  to  meet  the  expenses  incurred  in  maintaining  the  Ben  Nevis 
and  Fort  William  Observatories  till  October  1904.  These  Observatories 
will  therefore  continue  in  operation  under  the  charge  of  the  Directors 
as  heretofore  till  October  1904. 

The  Observatories  have  thus  been  in  operation  long  enough  to  yield, 
from  a  discussion  of  the  work  done  at  them,  conclusions  of  great  value. 
Their  records  supply  a  complete  set  of  simultaneous  hourly  observations 
(1)  at  the  summit  of  Ben  Nevis  for  close  on  twenty  years,  and  (2)  at 
sea-level  in  Fort  William  for  a  period  of  thirteen  years — times  long  enough 
to  obtain  averages  of  value  and  to  embrace,  it  may  be  added,  fully  a  sun- 
spot  period.  The  Directors  have  acquired  these  facts  under  conditions 
which  are  exceptionally  favourable — the  Observatory  at  sea-level  being 
less  than  five  miles  distant  in  a  straight  line  from  the  Observatory  on  the 
summit,  and  yet  placed  close  to  the  sea  and  in  a  fairly  open  situation. 
Moreover,  it  is  not  a  valley  station.  There  are  no  other  two  associated 
Observatories  or  stations  in  the  world,  one  at  a  high  and  the  other  at 
a  low  level,  where  such  favourable  conditions  exist. 

The  geographical  position  of  Ben  Nevis  is  also  favourable.  In  winter 
the  British  islands  have  a  higher  mean  temperature  than  any  other  part 
of  the  land  surface  of  the  world  equally  far  north,  and  consequently  it 
is  easier  to  live  and  work  in  winter  at  great  altitudes  in  those  islands 
than  anywhere  else  in  similar  latitudes.  All  the  other  mountain  stations 
are  either  in  the  Tropics  or  in  the  belt  of  high  barometric  pressure 
which  occupies  the  southern  part  of  the  Temperate  Zone.  Ben  Nevis, 
however,  is  clear  of  this  high-pressure  region,  and  lies  on  the  edge  of  the 
great  barometric  depression  in  the  North  Atlantic  which  dominates  the 
weather  of  North-Westem  Europe.  From  Ben  Nevis,  therefore,  we  get 
data  of  observation  which  no  other  high-level  station  yet  established  is  in 
a  position  to  furnish  to  forecasters  of  the  weather  of  North-Westem 
Europe. 

The  discussions  of  the  double  Ben  Nevis  and  Fort  William  observa- 
tions all  go  to  confirm  the  opinion  as  to  the  value  of  these  observations 
expressed  by  the  Council  of  the  Scottish  Meteorological  Society  in  1887 
and  quoted  in  this  report.  Your  Committee,  however,  desire  to  point  out 
that  the  full  value  of  the  observations  for  forecasting  purposes  can  only 
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be  tested  by  persons  engaged  in  the  practical  work  of  forecasting  day  by 
day;  your  Committee  or  any  other  body  of  scientific  men  can  only 
indicate  the  lines  on  which  results  of  value  in  forecasting  may  be  looked 
for. 

The  first  work  the  Directors  of  the  Observatories  set  themselves  to  do 
was  to  prepare  the  meteorological  '  constants '  for  the  positions  on  the 
gammit  and  at  the  base  of  Ben  Nevis.  This  has  been  done,  based  on 
twenty  years'  observations  on  the  summit  and  thirteen  years*  at  Fort 
William.  The  constants  for  these  periods  will  appear  in  vol.  iii.  of  the 
Ben  Nevis  observations,  now  in  the  press,  and  to  be  published  during  the 
coming  winter. 

In  your  Committee's  previous  Reports  other  lines  of  investigation 
have  been  frequently  referred  to  and  reported  on,  along  which  researches 
connected  with  the  Ben  Nevis  observations  are  being  carried  on  by 
Dr.  Buchan  and  Mr.  Omond.  Some  of  the  results  have  a  special  bearing 
on  forecasting.     One  or  two  illustrative  cases  may  be  here  added. 

1.  The  occurrence  of  small  differences  of  temperature  between  Ben 
Nevis  and  Fort  William,  associated  with  very  low  humidities  at  Ben 
Nevis  and  great  dampness  at  Fort  William,  and  the  relations  of  this 
state  of  things  to  the  stability  and  continuance  of  an  anti-cyclone,  and 
also  to  thunderstorms  and  those  heavy  local  rains  commonly  denoted  as 
thunder-showers,  have  been  reported  on. 

2.  The  occurrence  of  long-continued  periods  of  saturation  of  the  air  at 
the  top  of  Ben  Nevis,  as  indicative  of  a  condition  of  the  atmosphere 
&vourable  to  the  development  and  continuance  of  stormy  weather. 

3.  A  marked  difference  in  the  direction  of  the  wind  on  the  summit 
from  that  at  surrounding  low-level  stations.  Such  a  difference  most 
commonly  occurs  when  Ben  Nevis  lies  between  a  cyclone  and  an  anti- 
cyclone, and  may  be  indicative  of  the  direction  of  movement  either  of 
the  cyclone  or  the  anti- cyclone. 

4.  The  predictive  aspects  of  very  strong  winds  on  the  summit  of 
Ben  Nevis  accompanied,  notwithstanding  their  great  force,  with  very  low 
temperatures  there  and  great  differences  of  temperature  between  the 
summit  and  Fort  William,  and  the  intimate  connection  of  the  whole  with 
cyclonic  weather,  have  been  pointed  out.  Becent  kite  observations  have 
made  us  tolerably  familiar  with  this  remarkable  phase  of  the  cyclone,  and 
to  Ben  Nevis  we  may  look  for  important  contributions  of  illustrative 
data. 

5.  The  difference  between  the  Ben  Nevis  and  Fort  William  barometers 
when  both  are  reduced  to  sea-level.  This  difference,  when  it  amounts  to 
several  hundredths  of  an  inch,  clearly  points  to  an  abnormal  condition  of 
the  air  between  the  summit  and  Fort  William  in  respect  to  the  vertical 
gradient  of  temperature  or  humidity,  or  both. 

The  investigation  of  some  of  the  points  raised  in  this  discussion  has 
been  a  chief  subject  of  inquiry  during  the  past  eighteen  months.  The 
inquiry  is  a  discussion  of  the  hourly  observations  of  pressure,  temperature, 
humidity,  sunshine,  winds  and  rainfall  at  the  two  Observatories  in  their 
inter-relations,  more  especially  as  regards  the  bearings  of  the  results  on 
weather  changes 

The  principal  point  to  be  kept  in  view  is  the  relation  of  the  differences 
of  temperature  at  the  two  Observatories  to  the  differences  of  their  sea- 
level  pressure  at  the  time.  An  illustration  will  explain  this.  Dunng 
th^  list  three  days  of  September  1895,  the  sky  over  Scotland  was  clear, 
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sunshine  strong,  humidity  high,  night  temperatures  unusually  high,  and 
dews  heavy,  with  calms  or  light  winds.  On  these  days  while  at  the  top 
temperature  was  very  high  and  the  air  clear  and  very  dry,  at  Fort  William, 
under  a  sky  equally  clear  and  temperature  high,  the  air  showed  a  large 
humidity,  and  this  state  of  moisture  extended  to  a  height  of  about  2,000 
feet,  or  nearly  halfway  to  the  summit.  Thus,  then,  while  the  barometer 
at  the  top  was  under  an  atmosphere  wholly  anti-cyclonic,  with  its  accom- 
panying dry  dense  air,  the  barometer  at  Fort  William  was  not  so  circum- 
stanced. On  the  other  hand,  it  was  under  the  pressure  of  such  dry  dense 
air,  above  the  height  of  2,000  feet  only,  whereas  from  this  height  down 
to  sea-level  it  was  under  the  pressure  of  air  whose  humidity  was  large  and 
pressure  therefore  much  reduced.  The  result  was  that  the  sea- level  pres- 
sure at  Fort  William  was  0050  inch  lower  than  it  would  have  been  if  the 
dry  dense  air  of  the  anti-cyclone  had  been  continued  down  to  Fort  William. 
This  is  confirmatory  of  what  is  to  be  expected,  that  the  greater  density  of 
dry  air  as  shown  in  our  laboratories  prevails  equally  in  the  free  atmosphere. 

The  first  part  of  the  discussion  is  virtually  finished,  the  chief  result  of 
which  is  this  : — 1.  When  the  difference  of  mean  temperature  of  the  day 
is  only  12^*0  or  less,  then  the  sea-level  pressure  calculated  for  the  top  of 
the  mountain  is  markedly  greater  than  at  Fort  William  ;  2.  When  the 
difference  of  temperature  is  18®-0  or  greater,  then  the  sea-level  pressure 
for  the  summit  is  markedly  lower  than  at  Fort  William.  In  the  former 
case  the  meteorological  conditions  are  anti-cyclonic,  the  weather  being 
then  clear,  dry,  and  practically  rainless  ;  and  in  the  latter  case  the  condi- 
tions are  cyclonic,  the  accompanying  weather  being  dull,  humid,  and  rainy. 
In  the  course  of  this  discussion  it  has  been  marked  that  the  reduced  hourly 
values  from  day  to  day  often  indicate  that  the  transition  from  the  anti- 
cyclonic  to  the  cyclonic  type  of  weather,  and  vice  veraa^  is  slow,  sometimes 
extending  over  several  days,  thus  prolonging  the  time  for  the  prediction 
of  the  more  important  weather  changes. 

It  may  be  remarked  that  the  result  here  empirically  arrived  at  is  in 
accordance  with  the  principle  laid  down  by  Dalton,  that  'air  charged  with 
vapour  or  vaporised  air  is  specifically  lighter  than  when  without  the 
vapour  ;  or,  in  other  words,  the  more  vapour  any  given  quantity  of 
atmospheric  air  has  in  it,  the  less  is  its  specific  gravity.' 

The  precursor  and  accompaniment  of  the  heaviest  and  most  wide- 
spread rains  is  when  the  sea-level  pressure  for  the  summit  is  very  greatly 
lower  than  the  sea-level  pressure  at  Fort  WilHaui.  This  indicates  the 
saturation  of  the  atmosphere  to  a  great  height,  while  at  Fort  William,  and, 
say,  2,000  feet  higher,  the  point  of  saturation  due  to  the  advancing  cyclone 
has  not  yet  taken  place. 

On  the  other  hand,  when  this  point  of  saturation  has  been  reached, 
then  the  sea-level  pressure  for  the  summit  shows  less  difference  from  the 
sea-level  pressure  at  Fort  William.  The  changes  of  pressure  which  occur 
at  the  two  Observatories  as  a  cyclone  advances  and  passes  on  arc  particu- 
larly interesting  and  instructive. 

It  is  remarkable  that  comparatively  few  observations,  when  the  differ- 
ence of  t)ie  temperature  has  exceeded  22^*0,  could  be  utilised  in  this 
inquiry,  because  in  such  cases  high  winds  prevailed,  resulting  in '  pumping ' 
of  the  barometer.  These  differences  of  temperature,  rising  even  to  27** -0, 
are,  however,  extremely  valuable  for  weather  prediction,  inasmuch  as  they 
often  precede  and  accompany  very  severe  storms  of  wind  and  rain.  They 
arise  from  an  extraordinary  lowering  of  the  temperature  at  the  summit. 
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while  at  Fort  William  no  such  lowering  of  temperature  occurs.  This  is  a 
peculiarity  which  kites  and  balloon  ascents  have  recently  familiarised  us 
with,  and  it  forms  a  prime  factor  in  all  inquiries  into  the  theory  of  the 
cfckme,  about  which  opinion  at  present  is  so  much  divided. 

B&port  on  the  Theory  of  Point-groups.^ — Part  III. 
By  Frances  Hardcastlb,  Cambridge. 

§  9.  1818-1857.  While  Format  and  Descartes,  by  combining  the  processes 
of  Algebra  and  Geometry,  were  evolving  the  foundations  of  that  system 
oi  coK>rdinates  which  rapidly  became  the  common  language  of  geometers, 
a  contemporary  mathematician,  Desargues  of  Lyons  (159S-1662),  and  his 
pupil  Pascal  (1623-1662)  were  occupied  with  the  study  of  those  properties 
of  figures,  in  space  and  in  the  plane,  which  persist  under  the  operation 
known  as  projection.  And  had  it  not  been  for  the  evil  fate  which 
caused  the  publications  of  both  master  and  pupil  to  be  lost,  and  for  the 
obUvion  into  which  even  the  memory  of  these  writings  sank  for  more  than 
180  years,  it  is  probable  that  modern  synthetic  geometry  would  have  been 
developed  ^m  the  beginning  side  by  side  with  analytical  geometry,  instead 
of  coming  into  existence,  as  it  did,  a  whole  century  and  a  half  later  than 
its  rival.  The  fundamental  characteristic  of  each — that  which  most  dis- 
tinguished both  systems  &om  the  geometry  of  the  ancients — is  the  same, 
the  systematic  use  of  the  principle  of  projection.  But  it  is  noteworthy 
that,  although  this  was  present  from  the  beginning  in  the  structure  of 
Cartesian  co-ordinates  (whereby  every  point  of  a  curve  is  projected  on  to 
the  axis),  it  was  only  after  the  rise  of  descriptive  geometry  under  Monge 
(1746-1818)  and  Camot  (1753-1823)  (who  explicitly  founded  it  upon 
projection  from  ordinary  space  on  to  the  plane),  that  Pliicker  (1801-186^, 
by  the  use  of  homogeneous  co-ordinates,^  really  opened  up  the  projective 
possibilities  inherent  in  analytical  geometry.  Throughout  the  period  now 
to  be  discussed,  the  projective  standpoint  is  the  one  adopted  by  analytical 
ss  well  as  by  synthetic  geometers ;  the  transition  to  the  wider  point  of 
view  afibrded  by  bi-rational  tran^ormation  was  only  effected  aiter  the 
ideas  of  the  theory  of  functions — at  that  time  still  in  its  infancy — had 
permeated  the  whole  domain  of  pure  mathematics,  and  had  influenced 
the  theory  of  higher  plane  curves  to  a  degree  which  must  have  been 
startling  to  the  mathematicians  of  the  early  nineteenth  century. 

Among  the  numerous  novel  terms  introduced  by  Desargues  in  his 
'  Brooillon  projet  d'une  atteinte  aux  ^v6nements  des  rencontres  d'un  c6ne 
avec  un  plan '  ^  was  that  of  involution,^  and,  unlike  many  of  the  others,  it 
has  survived.  Starting  from  the  definition  that  six  points  on  a  straight 
line  are  in  involution  if  certain  ratios  can  be  established  among  the  seg- 
nwnts  formed  by  them,  Desargues  proved  his  famous  theorem  that  a  conic 
and  the  sides  of  an  inscribed  quadrilateral  determine  six  points  in  invo- 
lution on  any  transversaL     He  did  not,  however,  investigate  the  still 

■  Parts  I.  and  II.  appeared  in  the  Brit.  Assoc,  Reports  for  1900, 1902. 

'  Moebiii8*8  Barycentriscke  Calcul  was  printed  in  1827,  and  was  actually  the  first 
pablication  in  which  homogeneous  co-ordinates  were  brought  forward  ;  Plilcker*s 
pa|>«r  in  Crelle^  vol.  v.  (1830),  ^ve  the  first  exposition  of  triliDear  oo-ordiuateff.  Cf. 
Clebecb,  *  Julias  Pliicker  zum  Gedachtniss/  Ahhandlungen  Gottingen,  vol.  xvi.  (1872), 
pp.  1-40. 

'  Discorered  in  De  la  Hire's  manuscript  copj  by  Cbasles  in  1845,  and  printed  in 
Poodza,  (Euvres  de  Desargues  (Paris,  1864),  vol.  i.  pp.  97-230. 

«  Poudra,  Ue.  eit.,  vol.  L  p.  101,  p.  109,  p.  119;  alio  vol.  IL  p.  362. 

1903.  Digitized  by  Cj^OQle 


66  BEPORT — 1903. 

more  significant  fact  that  any  conic  through  the  four  vertices  of  the 
quadrilateral  cuts  the  transversal  in  a  pair  of  points  belonging  to  the  same 
involution.  This  theorem  was  first  published  by  Sturm  ^  (1803-1835)  in 
1826  ;  his  proof  is  algebraical,  being  derived  from  the  equations  which, 
ten  years  previously,^  had  been  shown  by  Lam^  to  be  the  necessary  conse- 
quence of  the  simultaneous  existence  of  three  equations  of  the  second 
order.  He  points  out  that  the  relations  he  thus  obtains  are  those  which 
establish  '  cette  liaison  remarquable  qui  t^tait  nomm^e  par  Desarguea  invo- 
lution de  six  points.'  He  afterwards  mentions  that  the  two  pairs  of 
opposite  sides  of  a  quadrilateral  inscribed  in  a  conic  can  be  regarded  as  a 
pair  of  degenerate  conies,  and  that  Desargues's  theorem  is  thus  an  imme- 
diate deduction  from  his  own  more  general  one  ;  but  he  makes  no  state- 
ment which  would  lead  us  to  suppose  he  saw  the  importance  of  con- 
sidering what  we  now  call  -a  range  of  points  in  involution,  viz.  an  infinite 
number  of  points  on  a  straight  line,  such  that  if  any  two  pairs  are  given 
the  correspondent  to  a  fifth  point  is  determined  by  the  relation  called  in- 
volution which  holds  for  any  six.  Nor,  again,  is  he  really  interested  in 
the  fact  that  a  whole  system  of  conies  passes  through  the  points  common 
to  two  conies  (although,  of  course,  he  is  perfectly  aware  that  a  third  conie 
through  these  points  has  an  equation  involving  one  linear  parameter) ;  his 
concern  is  with  properties  of  the  individual  conie  of  the  system,  not  with 
the  system  itself.  And  the  same  remark  must  be  made  about  Lam^, 
although  the  idea  of  a  pencil  of  curves  is  due  to  him  ^ — that  is  to  say,  he 
found  for  the  first  time  the  equation,  E-hmE'=0.*  of  what  we  now  call 
a  pencil  of  curves ;  his  primary  interest  was  with  the  conditions  which 
must  subsist  among  the  coefficients  of  the  equations  of  three  curves,  in 
order  that  they  may  intersect  in  common  points,  and  next,  in  the  particu- 
lar properties  which  follow  for  conies  ;  with  regard  to  curves  of  higher 
order,  to  which  the  greater  interest,  when  looked  at  as  a  system,  attaches 
itself,  he  simply  stated  the  equation. 

Gergonne  (1771-1859)  seems  to  have  been  the  first  to  derive  any 
property  concerning  the  points  of  intersection  of  curves  whose  equation 
is  of  Lamp's  form,  as  a  direct  consequence  of  this  form.  In  1827  he  thus 
found  *  that  i/*p(p4-q)  (^the  (p  +  q)*  points  of  intersection  of  two  cwroea 
of  order  (ip  +  q)  lie  on  a  curve  of  order  p,  tlie  remaining  q(p-l-q)  points  lie 
on  a  curve  of  order  q  :  from  which  he  obtained  the  corollary  :  Given  ttoo 
systems  of  m  lines  in  the  plaiie^  if  among  the  m^  points  of  intersection  of 
the  lines  of  one  system  with  the  lines  of  the  other  there  are  2m  u^ieh  lie 
on  a  conic,  then  the  m(m— 2)  revruiining  points  all  lie  on  a  curve  of  order 
(m— 2).  Writing  m=3,  this  is,  as  he  points  out,  the  theorem  known  as 
J?ascaVs.  This  proof  of  Pascars  theorem  also  appears  incidentally  in  a 
long  footnote  to  the  last  chapter  of  the  first  volume  of  Pliicker's  *  Ana- 
lytisch-geometrische  Entwieklungen,'  printed  in  1828  ;  the  preface  is  dated 
September  1827,  later  than  the  publication  of  Gergonne's  paper,  and  it  is 
possible  that  this  footnote  was  added  at  the  same  time  ;  this  would  give 
the  priority  in  discovery  of  this  particular  proof  to  Gergonne^  as  well  as 

>  •  M6moire  sur  les  lignes  du  second  ordre,'  Gergonne^n  AnnaleA^  vol.  xvii.  pp.  173- 
198. 

'  'Bar  les  intersections  des  lignes  et  des  sarfaces,*  ^^^.  ^nn.,  vol.  vii.  pp.  229-240. 

*  Olcbsch,  loe.  oit.,  p.  17. 

*  In  his  Examen  des  differ&nte»  mUhodes  employ6e$ pour  rSsovdre  les  problemes  de 
ffiometrie,  1818,  p.  29.     See  Part  II.  of  this  Report,  §  8  (Brit.  Assoc,  Report,  1902). 

*  *Ilecherches  sur  quelqnes  lois  g^ndrales  qui  r^gissent  les  lignes  et  sur&tces 
alg^briques  de  tous  les  ordres/  Oerg,  Ann.,  vol.  xvii.  (1827),  pp.  214-252. 
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the  priority  in  publication  which  is  undoubtedly  his.*  This,  however,  is 
a  very  small  matter  :  Gergonne's  contribution  to  the  elucidation  of  pro- 
blems connected  with  the  intersections  of  curves  is  insigniticant  compared 
with  Pliicker's.  It  was  Pliicker  who  derived  from  Lung's  equation  of  a 
fljstem  of  curves  the  theorem  which  threw  fresh  light  upon  the  so-called 
(Earner  Paradox,  which  had  baffled  mathematicians  for  more  than  a  hun- 
dred years.  And  it  was  Pliicker  who,  simultaneously  with  Jacobi  (1804- 
1851),  first  ventured  upon  a  line  of  research  which  afterwards  proved  a 
fruitful  source  of  theorems  in  the  theory  of  point-groups — the  investiga- 
tion, namely,  of  the  conditions  which  must  exist  among  the  co-ordinates 
of  certain  points  if  they  are  known  to  be  the  points  of  intersection  of  two 
curves  of  given  (differing)  orders. 

The  problem  which  first  led  Pliicker  to  consider  the  paradox  was  that 
of  determining  the  highest  d^ree  of  osculation  possible  between  a  curve 
of  order  n  and  one  of  order  m.  This  question  is  treated  in  a  footnote  to 
an  earlier  chapter  ^  of  the  work  just  mentioned,  and  its  solution  is  made 
to  depend  upon  the  establishment  of  a  new  theorem,  viz.  that  all  curves 
of  the  nth  order,  which  pass  through^  ((n))^  2  given  points  intersect  each 
other  also  in  the  same  n^— ((n))  +  2=((n  — 3))  points.  In  this  passage  the 
paradox  is  not  explicitly  mentioned ;  but  in  a  paper  published  in  the 
Game  year  in  Gergonne's  Annales  ^  Pliicker  speaks  of  it,  describing  it  as 
the  fact  that  in  certain  cases  two  curves  of  the  same  order  may  cut  each 
other  in  at  least  as  many  points  as  are  required  to  completely  determine 
one  of  them.  '  Cramer,^  he  continues,  '  dans  son  "  Introduction  k 
Tanalyse  des  courbes  alg^briques,"  est  le  premier,  je  crois,  qui  ait  signal^ 
cette  esp^ce  de  paradoxe  qui  s'explique  aia^ment  en  remarquant  que, 
kvsqull  est  question  du  nombre  des  points  n^cessaires  et  suffisants  sur  un 
plan,  pour  determiner  compl^tement  une  courbe  d'un  degr^  determine,  on 
aons-entend  toujours  que  ces  points  sont  pris  au  hasard,  et  ne  sont  li^ 
entre  eux  par  aucune  relation  particuU^.'  He  establishes  his  new 
theorem  in  almost  the  same  woids  here  as  in  the  other  passage;  the 
application  is  to  the  theory  of  the  conjugate  points  of  conies. 

The  second  volume  of  the  '  Analytisch-geometrische  Entwicklungen  * 
was  published  in  1832  :  in  this  Pliicker  returned  to  the  subject  of  the 
paradox,*^  and  remarked  that  Cramer  had  indicated  the  analyti<^  explana- 
tion, viz.  that  the  n'  linear  equations  which  correspond  to  the  n^  points 
of  intersection  of  two  curves  of  order  n  must,  if  n>3,  be  such  that  one 
or  more,  arbitrarily  chosen  from  among  them,  are  conditioned  by  those 
which  remain  ;  he  adds  that  a  geometrical  interpretation  of  this  explana- 
tbn  is  needed.  His  own  new  theorem  affords  this  geometrical  interpn;ta- 
tion,  and  he  therefore  reproduces  it  once  more,  with  a  proof  which,  when 
slightly  elaborated,  is  substantially  as  follows  : — 

Aflsume  ((n))— 2  arbitrary  points  in  the  plane,  take  any  two  curves  of 
order  n  through  them,  U=0,  VssO,  which,  in  general,  are  completely 
determined  if  we  know  one  more  pointy  not  the  same,  on  each.     Suppose 

*  See  Kotter, '  Die  Entwickelnng  der  synthetischen  Geometrie  von  Monge  bis 
an!  Staodt,'  Jakresher.  d.  deutsch.  Math^-Verein.,  vol.  v.  (1901),  p.  226.  Clebeoh 
Qoe,  cU,,  p.  19)  aacribes  the  priority  to  Pliicker,  without  moDtioning  Oergonne. 

»  P.  228. 

»  ((»))  is  written  throughout  for  J  («  + 1)  (n  +  2). 

*  'Recberches  lur  les  conrbes  alg^briqaes  de  tous  les  degr^s,'  Oerg,  Ann, 
vol  xlx.  (1828),  pp.  97-106;  also  Wmrhs  (Leipzig,  1896)  pp.  76-82. 
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U=0,  V=0  so  determined,  then  U  +  \V=0,  where  X  is  an  undetermined 
coefficient,  is  the  equation  of  all  those  curves  of  order  n  which  pass 
through  the  n^  points  of  intersection  of  the  above  two  curves.  It  requires 
one  linear  equation  to  determine  X,  and  thus  the  knowled^  of  any  new 
point  P  on  the  locus  U+XV=0,  but  not  on  U=0  nor  on  V=0,  is  suffi- 
cient for  this  purpose,  and  the  equation  of  the  completely  determined  curve 
U  +  X|Y=0  which  passes  through  an  arbitrary  point  P  can  be  obtained. 
Moreover,  this  same  curve  can  also  be  uniquely  determined  by  adding 
a  point  P  to  the  ((n))— 2  arbitrary  points  (since  ((w))— 1  points  completely 
determine  a  curve  of  order  n),  and  it  passes  through  the  n^  points  of 
intersection  of  U=0,  V=0,  t.«.  through  certain  w'— ((n))  +  2=((n— S)) 
points  common  to  Us=0,  V=0,  as  well  as  through  the  arbitrary  points 
and  P.  Now  take  another  curve  V'=0  instead  of  V=0,  and  obtain  in 
the  same  manner  the  equation  U+/i,V'=0  of  a  curve  completely  deter- 
mined by  the  ((n))  —  2  points,  and  the  same  point  P  as  before  ;  this  cone 
is  therefore  identical  with  U-fX,V=0;  and  it  passes  through  certain 
((n— 3))  points  common  to  U=0,  V'=0.  It  has  thus  been  shown  that 
U=0,  V=0,  U +X,  V=0  all  pass  through  certain  ((w— 3))  points  as  well  as 
through  the  arbitrary  points,  and  also  that  17=0,  V'=sO,  U  +  /i,Y'=0  all 
pass  through  certain  ((n— 3))  points  as  well  as  through  the  arbitrary  points ; 
moreover,  these  points  are  in  each  case  common  to  U=0  and  to  the 
particular  curve  determined  by  the  addition  of  P  to  the  arbitrary  points, 
whose  equation  may  be  written  either  as  U  +  XiV=0  or  as  U+/iiV'=0  ; 
that  is  to  say,  tliey  are  tlie  same  ({n-^dy^Jixed  paints.  By  this  argument 
it  can  be  shown  that  any  curve  which  passes  through  ((n))— 2  arbitrary 
points  cuts  any  other  curve  through  these  points  in  the  same  ((71— 3)) 
fixed  points. 

The  complete  validity  of  this  proof  depends  upon  two  assumptions : 
that  every  curve  of  order  n  through  the  points  of  intersection  of  two 
given  curves  U=0,  Y=0  of  the  same  order  has  an  equation  of  the  form 
U  +  XV=:0 ;  and  that  a  curve  of  order  n  is  completely  determined  by 
((n))— 1  points.  The  first  of  these  is  a  very  special  case  of  a  much  more 
general  theorem  ^  which,  so  long  as  the  method  of  counting  the  constants 
of  an  equation  was  considered  to  afford  a  sufficiently  rigorous  proof  of  in- 
formation obtained  by  its  means,  was  supposed  to  be  intuitively  true.  The 
difficulties  of  a  rigorous  proof  of  the  general  theorem,  moreover,  do  not 
appear  unless  cases  are  considered  in  which  the  points  of  intersection  are 
multiple  points  on  U^O,  Y=0,  and  the  minute  investigation  of  higher 
singularities  of  curves  had  not  yet  been  attempted  ;  it  is  not  surprising, 
therefore,  that  throughout  Pliicker's  lifetime  the  theorem  in  question  was 
taken  for  granted.  With  regard  to  the  second  assumption,  the  case  is 
different;  the  paradox  itself  had  arisen  from  a  want  of  seeing  exactly 
how  the  element  of  indetermination  could  enter  into  the  equation  of  a 
curve  drawn  through  ((n))— 1  points;  and  Pliicker,  in  the  above  proof, 
expressly  guards  himself  against  exceptional  cases  by  the  use  of  the  words 
*  arbitrary,'  *  in  general,'  etc. 

This  had  not,  however,  prevented  Pliicker  from  previously  (in  1828) 
falling  into  a  mistake  which  he  afterwards  corrected  (in  1836).  At  the 
end  of  the  footnote  to  the  problem  of  osculation  he  had  stated,  namely, 
that  the  infinitely  many  curves  of  order  n,  n>fn,  through  ((n--2))  points 

»  Usually  known  as  /Noether's  theorem.'  See  3fath,  Ann.,  vol.  it  pp.  293-316 
(1869)  and  Math.  Ann.,  voL  vi.  pp.  351-369  (1872). 
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(m  a  curve  of  order  m  will  all  cut  this  carve  again  in  the  same  ntn-  ((71))  +  2 
pomts.  This  is  a  fallacy,  for  since,  by  hypothesis,  the  ((n))^2  arbitrary 
pointe  lie  on  a  curve  of  order  m,  which,  since  ((n))— 2>((m))— 1  when 
n>  m,  would  not  have  been  possible  in  the  original  theorem  without  further 
oomditioDS,  it  is  now  possible  that  the  system  of  curves  of  order  n  should 
consist  of  degenerate  curves,  viz.  the  given  curve  of  order  m  together 
with  a  system  of  curves  of  order  n — m  which  all  pass  through  the  addi- 
tional arbitrary  point,  which  point,  therefore,  taken  in  combination  with 
the  ((n)) — 2  arbitrary  points,  fails  to  determine  uniquely  a  curve  of  order 
n^  and  the  line  of  argument  adopted  in  the  original  theorem  falls  to  the 
ground.  (The  correct  statement  in  such  a  case  is  that  the  curves  of  order 
A  all  cat  the  curve  of  order  m  again  in  an  infinite  number  of  points.)  But 
the  exact  number  of  arbitrary  points  which  may  be  assumed  upon  the 
eonre  ol  order  m  without  invalidating  the  previous  line  of  argument  can 
be  found  as  follows  :  It  is  clear  that,  since  n>my  the  system  will  always 
contain  certain  degenerate  curves,  each  of  which  consists  of  the  given 
eurve  of  order  m,  and  some  fixed  curve  of  order  n—m.  Such  a  degenerate 
curve  can  play  the  part  assigned  to  U=0  in  the  original  theorem,  and 
all  the  curves  of  order  n  through  the  ((n))  —  2  arbitrary  points  must  pass 
throogh  ((n— 3))  additional  points  on  it ;  it  only  remains  to  decide  how 
the  arbitrary  points  are  distributed  between  the  two  curves  of  which  it  is 
composed,  and  what  distribution  of  the  additional  points  will  then  result. 
Now  the  conditions  of  the  problem  require  the  degenerate  curve  to  be 
tixed,  and  this  can  only  be  effected  by  means  of  the  assumption  on  the 
curve  of  order  n — m  of  a  sufficient  number  of  the  arbitrary  points  to  deter- 
mine it  completely,  i,e.  of  ((n— m))— 1  ;  the  remaining  arbitrary  points 
which  are  ((n))— 2  — ((n— m))  +  l  in  number,  lie  upon  the  given  curve  of 
order  m  ;  and  the  difference  between  nm  and  the  last-named  number, 
viz.  ((m-3)),  is  the  number  of  additional  fixed  points  in  which  all  the 
curves  of  order  n  will  cut  the  given  curve  of  order  m  again. 

Two  equivalent  algebraical  statements  of  FlUcker's  original  theorem 
are  given  in  a  paper  which  he  published  in  Crelle's  '  Journal '  in  1836.^ 

(I.)  Si  Von  donne  a  deux  quantit^a  variables  successivement  {{n))  —  2 
couples  de  valeurs  quelconqties,  et  si  Von  suppose  que  ces  vcUeurs  saiisf assent 
a  une  Equation  qtielconqu^  du  n*^^  degre  entre  les  deux  variables^  U  y  aura 
n*— ((n)) — 2  ^  ((n — 3))  couples  de  valeurs  nouveaux  qui  satis/ont  a  la  meme 
^nation  et  qui  dependent  uniqu^ment  des  couples  prdcidents, 

(11.)  Si  Von  connait  ((n))  —  2  couples  de  racines  de  deuac  Equations  du 
n**^  degrS  entre  deux  inconnv^s^  Von  ohtiendra  les  ((n— 3))  couples  de 
racines  restantes,  sans  avoir  recours  a  ces  Equations. 

In  the  same  paper  the  new  theorem  is  also  stated  in  algebraical  form  : 

^t  Von  connait  nq  — ((q— 3))  couples  des  racines  de  deux  ^qtcations  du 
n"^  et  du  q**^  deqre  entre  deux  inconnues^  n  ^nt  plus  grand  que  q  et 
q  fius  grand  qu^  2,  Von  en  diduira  les  ((q— 3))  couples  des  racines  restantes 
*MW  recourir  aux  iqtiations  propos^es,  en  fonciion  des  racines  connues  et 
par  la  resolution  de  deux  ifquations  du  ((q— 3))'^^  degre. 

It  is  established  as  follows  : 

Let  n=p+q,  and  let  ((p))— 1  of  the  ((n))— 2  couples  of  'values 
▼hich  in  the  original  theorem  were  all  arbitrarily  assumed,  be  now  assumed 
to  satisfy  an  equation  Ap  =  0  of  order  p,  which  is  then  completely 

'  *  Thtodmes  g^n^ranz  concemant  les  ^nations  d'nn  degr4  qnelconque  entre  nn 
Domhre  qnelconque  d'inconnues,'  Crelle,  vol.  xvi.  pp.  47-67 ;  Works,  pp.  328-833. 
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determined.  If  the  rest,  which  are  nq^{{g^  3))  in  number,  satisfy  an  equa- 
tion C,=0  of  order  q^  then,  since  ApCg=0  is  one  of  the  equations  of  order 
n  satisfied  by  the  ((n))  — 2  =  ((p))— 1+wy— ((g  — 3))  couples  of  values,  it 
follows  from  the  first  algebraical  statement  of  the  original  theorem  that 
it  will  also  be  satisfied  by  ((w— 3))=((5'— 3))+w7>  — ((p))  +  l  other  couples 
of  values  ;  but  since  every  equation  of  order  n  has  nq  couples  of  values  which 
are  common  to  it  and  to  C,  =  0,  it  follows  that  the  n^— ((^— 3))  above- 
mentioned  couples  of  values  which  satisfy  C,  =  0  must  lead  to  ((5'—- 3)) 
others,  which  also  seitisfy  this  equation  of  order  q, 

Pliicker's  final  utterance  on  the  intersections  of  plane  curves  occurs  in 
the  *  Introductory  Considerations,'  which  form  the  first  chapter  of  his 
*  Theorie  der  algebraischen  Curven,*  published  in  1839.  He  there  repeats 
the  geometrical  formulation  of  the  original  theorem,  and  also  formulates  the 
new  theorem,  geometrically,  thus  :  All  curves  of  ilie  nth  order  which  pass 
through  nq*-((q— 3))  points  arbitrarily  assumed  on  a  given  curve  of  order 
q  cut  this  curve  again  in  ((q— 3))  more  fixed  points.  He  further  considers 
what  possibilities  exist  for  the  distribution  of  the  arbitrary  points  on  two 
fixed  curves  of  orders  p  and  q  respectively,  where  jt? + 3^=71,  in  order  that  all 
curves  of  order  n  through  these  arbitrary  points  may  intersect  each  given 
curve  again  in  a  certain  number  of  fixed  points.  These  considerations 
lead  him  to  state  :  If  of  the  n^  points  of  intersection  of  two  curves  of  order  n, 
nq — ((q — 3))  lie  on  a  curve  of  order  q,  tJi^n  a  curve  of  order  n— q 
passes  through  the  remaining  n(n — q)  points.  This,  as  he  points  out,  is 
an  improvement  on  Gergonne's  theorem,  inasmuch  as  it  obtains  the  same 
result  with  a  smaller  number  of  assigned  points.  The  closing  paragraph 
of  this  chapter  is  devoted  to  historic  considerations.  In  it  Pliicker  refers 
to  the  passages  in  his  former  book,  and  to  his  papers  in  Gergonne's 
Annales,  and  once  more  draws  attention  to  Cramer  as  the  originator  of 
the  paradox.^  He  then  goes  on  to  explain  that  his  paper  in  Crelle's 
Journal,  although  published  in  the  sixteenth  volume,  was  in  the  editor^s 
hands  at  the  same  time  as  one  of  Jacobi's  which  appeared  in  the  fifteenth 
volume.  He  adds  that  his  own  had  been  intended  for  the  first  volume  of 
Liouville's  Journal  (which  replaced  Gergonne's  Annales  at  about  this  date^ 
and  that  *  a  celebrated  analyst  had  occasioned  its  preparation  by  a  verbal 
observation  about  the  difficulty  of  extending  the  relations  which  connect 
the  roots  of  an  equation  in  one  variable  to  the  case  of  the  simultaneous 
roots  of  a  system  of  two  or  more  equations  among  two  or  more  variables. 
.  .  .  This  is  why  it  was  written  in  French,  and  clothed  in  algebraic  form.' 

It  was  characteristic  of  Pliicker's  genius  that  he  consciously  limited 
the  scope  of  his  mathematical  investigations  to  one  particular  domain — 
that  of  analytical  geometry — within  which,  indeed,  he  found  ample  room 
for  the  employment  of  his  rich  imagination.  This  probably  accounts  for 
the  fact  that  his  writings  on  the  intersections  of  curves  are  completely 
uninfluenced  by  the  theory  of  functions,  although  his  lifetime  precisely 
covers  the  years  in  which  this  new  branch  of  pure  mathematics  was  being 
created.  The  account  of  the  influence  of  the  theory  of  functions  on  the 
theory  of  higher  plane  curves  will  fall  into  a  later  division  of  this  Report, 
but  it  may  be  mentioned  here  that  the  interest  which  attaches  itself  to 
the  paper  of  Jacobi's  referred  to  by  Pliicker  is  partly  due  to  its  close 

»  For  this  point,  cf.  Part  II.  of  this  Report,  §  6,  last  paragraph,  Brit,  Assoc. 
jReport,  1902. 
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connection  with  the  algebraical  theorem  called  by  its  author's  name, 
a  theorem  which  was  afterwards  destined  to  play  an  important  part  (at 
the  bonds  of  Clebsch)  in  the  interpretation  of  Abel's  theorem  into  the 
kogoage  of  analytical  geometry. 

Jacobi's  method  is,  in  fact,  the  very  reverse  of  Pliicker's.  The  open- 
ing paragraph  of  this  memoir/  after  a  brief  reference  to  Euler's  paper, 
*  Snr  one  contradiction  apparente  dans  la  doctrine  des  lignes  courbes/  * 
and  to  the  problem  in  the  intersections  of  carves  which  is  there  dealt 
with,  states  that  those  problems  are  of  cdgehraical  importance,  and  that  it 
appears  advisable  to  investigate  the  equations  of  condition  which  exist 
among  the  values  of  two  variables  which  cause  two  integral  functions  to 
vanish  simultaneously.  Throughout  the  course  of  this  investigation  the 
arguments  are  strictly  algebraical,  although  a  geometrical  equivalent  of 
each  theorem  is  given.  The  following  brief  analysis  of  Jacobi's  memoir 
will  show  wherein  his  geometrical  theorems  ditfer  in  enunciation  from 
Pliicker's,  although  dealing  with  the  same  problems. 

The  two  integral  functions  which  vanish  by  hypothesis  for  simul- 
taneous values  of  the  variable  are,  in  the  first  place,  to  be  of  the  same 
order  n,  and  in  order  to  arrive  at  the  number  of  equations  of  condition 
which  must  exist  among  the  values  of  the  variables  in  this  case,  Jacobi 
begins  by  considering  a  function  u  of  order  n  which  vanishes  for  ((n))— 2 
given  systems  of  values.  Since  a  function  of  order  n  contains  ((n)) 
coefficients  (homogeneous),  and  since  the  given  systems  of  values  of  the 
variables  provide  ((n))  — 2  linear  equations  among  the  coefficients,  it 
follows  that  u  can  be  written  in  the  form  d%ia^ff  '\-h%b^y^j  where  a,  b 
are  the  two  coefficients  which  are  not  eliminated  from  the  system  of 
((n))— 2  equations  linear  in  the  coefficients,  and  a^  h^  are  the  functions 
of  the  ((n)) — 2  given  values  of  the  variables  which,  in  solving  for  the 
other  coefficients,  are  the  multiples  of  a  and  h  respectively,  a-|-i8  taking 
all  possible  values  from  0  to  n.  Any  other  function  v  of  order  n  can 
similarly  be  written  as  a'^^y^ -^-b'l.h.^y^ ^  where  a  ,  6.«  are  the  same 
functions  as  before.  The  common  roots  of  m  =  0,  v=0  are  seen  to  be 
those  of  2a.^y^=0,  26.^y^=0  and  are  n^  in  number,  ((n))  — 2  of  them 
are  already  known,  therefore  the  remaining  ((n— 3))  give  rise  to  the 
2((n— 3))  'equations  of  condition'  among  the  n^  values  of  x  and  the  n^ 
corresponding  values  of  y^  which  are  obtained  by  substituting  them  suc- 
cessively in  the  two  equations  2a.j9afy*=0,  26.  af^=0.  Hence  the 
theorem  : 

Of  the  n^  systems  of  simultaneous  values  of  x  and  y  which  satisfy  two 
tqacUions  of  the  nth  order  in  x  andj,  ((n))— 2  may  be  arbitrarily  assurned 
ondthe  remaining  ((n— 3))  are  determined  by  these  ;  or^  among  the  ii* 
tndues  of  X  and  the  n'  corresponding  values  of  y  there  are  2((n  —  3)) 
equations  of  condition. 

The  geometrical  equivalent  of  this  is  : 

Of  the  n*  points  of  intersection  of  two  curves  of  order  n,  ((n  — 3))  are 
determined  by  the  rest. 

In  the  next  section  of  his  memoir  Jacobi  discusses  the  more  compli- 
cated case  in  which  the  two  integral  functions  are  of  differing  orders, 
m,  n.     It  is  here  that  he  makes  use  of  certain  ((m-hn— 3))  equations  upon 

*  'De  relationibns,  qae  locam  habere  debent  inter  pnncta  intersectionis  daarum 
cnrvamm  .  .  .  algebraicamm  dati  ordinU,  simol  com  enodatione  paradox!  algebraic!/ 
€reUe,  vol.  xv.  pp.  286-308  ;  Works  (BerUn,  1884),  vol.  iU.  pp.  827-364. 

'  Aead.  BerUn,  1748,  pp.  219-233 ;  </.  §  8  of  this  Report  {Brit.  Assoc.  Beport,  1902). 
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the  existence  of  which  he  had  based  the  theorem  now  known  by  his  name, 
which  he  had  published  in  the  previous  volume  of  Crelle's  Journal.^ 
These  equations  are  the  following,  in  which  a:,  . . .  x^„,  y, . . .  ymm  *re  the 
inn  values  of  x,  y  which  satisfy  two  given  equations, /(a;,  y)=0,  ^(jb,  y)=0 

of  orders  m,  n,  and  R^  is  the  value  of  7^— ^    ^  ^^—-^  when  «=«»,  y^ya 

ox  ,oy      cy ,  ox 

(A;=l,.. ,  mn). 


2i-=». 


He  first  points  out  that  if  wi=w,  these  equations  are  ((2n — 3))  in 

number,  linear  in  -.^-,  (A;=l, . . .  n^),  from  which  by  solving  for  ~  -  from 

n^— 1  and  substituting  in  the  remaining  ((2n— 3))— w^4-l=2((n— 3)) 
equations  we  obtain  this  number  of  equations  of  condition  among 
a,  . , .  a^,  y, . . .  y^„y  which  is  the  same  number  as  was  previously  obtained. 
But  it  must  be  noticed  that  nothing  is  said  in  either  case  about  the  con- 
ditions required  to  ensure  the  mutual  independence  of  these  2((n  — 3)) 
equations.  Their  number,  in  both  places,  is  found  by  a  ^  method  of 
counting  constants,'  and  such  a  method  affords  no  readily  applicable  means 
for  dealing  with  special  cases. 

In  the  next  case,  in  which  m^n,  Jacobi  again  finds  the  number  of 
equations  of  condition  by  counting  the  constants  in  equations.  The  argu- 
ment is  briefly  as  follows  : — An  equation  of  order  n  (where  n<m)ia  com- 
pletely determined  by  ((n))— 1  systems  of  values  of  a;,  y,  therefore  there 
must  be  wn— ((n))4-l  equations  of  condition  among  mn  pairs  of  quanti- 
ties if,  in  accordance  with  a  first  hypothesis,  mn  pairs  of  values  of  a;,  y  are 
to  satisfy  some  particular  equation  of  order  n.  In  accordance  with  a 
second  hypothesis,  these  mn  pairs  of  values  also  satisfy  some  particular 
equation  of  order  m.  As  a  consequence  of  these  two  hypotheses,  more- 
over, they  can  always  satisfy  any  equation  of  order  m  formed  of  the  sum 
of  this  particular  one,  and  of  the  particular  equation  of  order  n  multiplied 
by  any  arbitrary  factor  of  order  m^n  ;  and  such  an  equation  of  order  m 
will  only  have  ((w))— ((w— n))  arbitrary  coefficients  (homogeneous)  in  it, 
since  ({m'-n))  can  be  destroyed  by  means  of  the  coefficients  of  the  arbitrary 
factor.  Thus  there  must  be  an  additional  number  mn — {(m))  +  ((m — n))  -h  1 
of  equations  of  condition  among  the  17771  quantities,  since  this  consequence 
of  the  two  hypotheses  must  hold,  after  the  first  hypotheses  has  been  satis- 
fied. By  addition,  therefore,  the  total  number  of  equations  of  condition 
among  the  277in  quantities  which  satisfy  two  equations  of  orders  m  and  n 

*  TJteoremata  nova  algebraiea  circa  tyttema  dnarum  tequationvm  inter  duos 
rariabile$prajw4itarum.    Crelle,  toI.  ziv.  pp.  281-288 ;  ffW^lf,  vol.  lit  i^.  285-294. 
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reqMctiyely,  is  mn^((n))  +  1  +  mn  —  {(m))  +  ((m^n))  +  l=mu— 3n  +  1. 
This  result  is  expressed  geometrically  thus  : 

In  order  that  mn  points  may  lie  on  two  algebraic  curves  of  orders  m,  n 
U  is  necessary  that  mn— 3n+l  eqtiations  of  condition  should  subsist 
among  their  co-ordinates. 

And  by  comparison  with  a  previous  theorem  we  see  that  if  wi=n  the 
number  of  the  equations  of  condition  is  increased  by  one. 

A  geometrical  application  of  the  above-mentioned  consequence  of  the 
two  hypothecs  is  : 

^mn  points  are  taken  on  a  given  curve  of  order  n,  n  <  m,  tliere  must 
fe  nm— ((m))-|-((m— n))  +  l^((n — 3))  equations  of  condition  among  Vie 
co-ordinates  of  these  points  in  order  that  these  points  may  lie  on  a  curve  of 
order  m.     Or  in  other  words, 

The  maximwn  number  of  points  which  con  be  assumed  on  a  curve  of 
order  n  (n  <  m),  in  order  that  a  curve  of  order  m  may  pass  through  them^  is 
mn— ((n— 3)),  which  (reversing  n  and  m)  is  a  slightly  different  version 
of  Fliicker's  theorem,  and  is  established  by  strictly  algebraical  reasoning. 

Special  instances  of  this  theorem  are  : 

Ifm,  points  are  assumed  on  a  straight  line^  or  2m  points  on  a  conic^  it 
is  possible  to  draw  a  curve  of  order  m  through  them. 

If  3m  points  are  assumed  on  a  cubicy  where  m>3,  one  equation  of  con- 
dition  must  hold  among  the  co-ordinates  of  the  points^  in  order  that  it  may 
he  possible  to  draw  a  curve  of  order  m  through  them.     And  so  on. 

When  ms=n  Jacobi  obtained,  as  has  been  said,  directly  from  equa- 
tioiLB  (A)  a  system  of  2((n— 3))  equations  of  condition  among  the  2n* 
simultaneous  roots  of  two  equations  of  order  n.  When  m^n  it  becomes 
s  much  more  complicated  matter  to  actually  obtain  the  corresponding 
iKii— 3n  +  l  equations  of  condition.  The  first  step  Jacobi  makes  towards 
this  end  is  interesting,  as  it  brings  into  consideration  (although  only  in 
the  special  case  of  r=tn+n— 3)  the  question  of  the  number  of  arbitrary 
constants  in  the  equation  of  any  curve  of  given  order  r  through  the  points 
of  intersection  of  two  other  given  curves  of  orders  m,  w,  a  question  which 
is  of  fundamental  importance  for  the  theory  of  point-groups. 

Given  two  equations,  f{Xy  y)=0,  <p{xy  y)=0,  of  orders  w,  n,  Jacobi 
takes,  namely,  any  third  equation  of  order  m + w— 3  such  that  it  vanishes  for 
the  mn  simultaneous  pairs  of  values  of  cc,  y  which  satisfy/ss  0, 0  ^  0.  Let  this 
equation  be  denoted  by  2p^  a5*y^=0,  a+/3  <  w+w— 3,  and  obtain  from 
it  mn  equations  by  substituting  in  it  the  values  of  the  mn  pairs  of  simul- 
taneous roots ;  multiply  these  equations  in  order  by  -  -  .  .  .  ^ —  and 
add,  the  result  is 

which  is  the  sum  of  all  equations  (A)  multiplied  respectively  by  />^, 
This  proves  that  one  of  equations  (A)  is  a  consequence  of  the  remainder. 
Bat  this  is  true  for  each  and  every  linearly  independent  equation  of  order  . 
m+n— 3,  which  can  be  formed  in  such  a  way  as  to  be  satisfied  by  the  mn 
pairs  of  simultaneous  roots  ;  and  the  number  of  these  is  equal  to  the  num- 
ber of  arbitrary  constants  (homogeneous)  in  the  equation  of  any  one.  But 
SQch  an  equation  can  be  formed  by  multiplying  the  left-hand  side  of 
/sO  by  an  arbitrary  function  of  degree  (n— 3)  and  then  adding  it  to  the 
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laft-hand  side  of  0=0  multiplied  in  its  turn  by  an  arbitrary  function  of 
degree  (w  — 3),  and  there  are  thus  ((w— 3))  +  ((w»— 3))  arbitrary  oonstants 
(homogeneous)  involved.  It  is  thus  seen  that  ((m— 3))  +  ((n— 3))  of 
equations  (A)  follow  from  the  rest,  and  the  number  of  independent 
equations  is  therefore  ((m+w— 3))— ((m— 3))— ((n— 3))=wn— 1.     And 

since  there  are  mn  quantities  ^  ,  they  can  be  solved  from  these  mn — 1 

equations,  and  the  results  in  terms  of  the  simultaneous  roots  can  be 
substituted  in  the  ((wi— 3))  +  ((n— 3))  remaining  equations,  which  are 
therefore  the  equations  of  condition  among  the  2mn  simultaneous  values 
of  X  and  y.  But  since  it  is  possible  that  ((m— 3))  +  ((w— 3))  may  be  >  2mn,  it 
is  clear,  says  Jacobi,  that  this  number  of  equations  of  condition  is  too  many  ; 
and  he  then  proceeds  to  show  that  ((m—n— 3))  of  these  must  follow  from  Uie 
rest,  and  that,  therefore,  the  real  number  of  independent  equations  of  condi- 
tion is,  as  he  found  before,((m— 3))  +  ((n  — 8))— ((m— w— 3))=mn— 3n+l- 
Into  this  part  of  his  discussion  it  is  not  worth  while  to  enter  here,  as, 
once  more,  no  criterion  is  established  of  the  independence  of  the  equations 
of  condition  when  found  in  this  manner. 

The  problem  of  determining  the  number  of  arbitrary  constants  at 
disposal  \i,e.y  non- homogeneous)  in  an  equation  of  given  order  r,  which  is 
satisfied  by  the  simultaneous  roots  of  two  other  given  equations  of  differing 
orders  m^  n — or,  as  it  may  be  more  shortly  expressed,  the  problem  of  deter- 
mining the  degrees  of  freedom  of  a  C^ — had  been  solved  by  B^zont  (for 
any  number  of  variables)  as  early  as  1774 ;  but  the  *Th6orie  des  ^na- 
tions alg^briques,'  which  is  devoted  to  the  general  problem  of  the  elimi- 
nation of  variables  from  a  system  of  simultaneous  equations,  appears  to 
have  fallen  temporarily  into  oblivion,  and  is  not  referred  to  by  any  writer 
of  this  period.  As  far  as  the  equations  of  curves  are  concerned,  Pliicker 
had  only  dealt  with  the  case  in  which  r=sm=n,  in  which  there  is  pre- 
cisely one  degree  of  freedom,  as  is  at  once  apparent  from  the  form  of  the 
equation  U-hA.Vs=0  ;  for  even  the  theorem  which  dealt  with  the  inter- 
sections of  a  Or  and  a  C^  is  based  upon  the  discussion  of  a  C^  through  the 
Soints  of  intersection  of  two  other  C,s,  one  of  which  is  degenerate.  In 
ealing  with  surfaces  Pliicker  had  come  across  the  more  general  case,  but 
he  gave  it  at  first  a  wrong  solution.  Jacobi,  besides  the  more  obvious 
case  of  9*=.m=n,  bad  treated,  as  we  have  just  seen,  the  case  for  curves  in 
which  r=m-f-n — 3,  and  had  shown  that  the  degrees  of  freedom  are  then 
({m  — 3))-h((n— 3))— 1.  In  the  case  of  surfaces  he  also  found  the  correct 
number,  although  the  explicit  problem  before  him  there — as  also  before 
Pliicker — was  that  of  the  number  of  equations  of  condition  which 
must  hold  among  the  common  points  of  three  surfaces  of  degree 
m,  n,  r,  and  only  intermediately  that  of  determining  the  degrees  of 
freedom  of  a  surface  through  the  curve  of  intersection  of  two  others. 
When  curves  are  concerned,  the  problem  of  determining  the  degrees  of 
freedom  of  a  curve  through  the  intersections  of  two  other  curves  and  the 
problem  of  determining  the  number  of  equations  of  condition  which  must 
subsist  among  the  co-ordinates  of  certain  points  in  order  that  they  may 
be  the  points  of  intersection  of  two  curves  of  given  orders  are  directly 
connected  with  one  another,  as  will  appear  from  an  account  of  two  papers 
by  Cayley  (1821-1895),  which  fall  within  the  period  under  discussion. 

The  first  of  these,  entitled  *  On  the  Intersections  of  Curves,'  appeared 
in  1843,^   when  its  author  was  only  twenty-two  years  of  age.      It  is 
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shorty  bat  bears  the  unmistakable  impress  of  that  prolific  genias  which, 
apoQ  the  suggestion  offered  by  any  particular  theorem,  in  no  matter  what 
bnndi  of  pure  mathematics,  at  once  sought  its  appropriate  generalisa- 
tion. In  Chasles's  •Aper9U  historique'  (published  in  1839)  Cay  ley  had 
ome  across  that  demonstration  of  Pascal's  theorem  which  we  have  seen 
already  employed  by  both  Oergonne  and  Pliicker.  The  demonstration  of 
the  property  of  cubics  involved  is,  he  says,  '  one  of  extreme  simplicity. 
LetU=0,  Vs=0  be  the  equations  of  two  curves  of  the  third  order,  the 
aure  of  the  same  order  which  passes  through  eight  of  their  points  of 
intenection  (which  may  be  considered  as  eight  perfectly  arbitrary 
points),  and  a  ninth  arbitrary  point  will  be  perfectly  determinate.  Let 
U^=0,  Vo=0  be  the  values  of  U,  V  when  the  co-ordinates  of  this  last 
pwnt  are  written  in  the  place  of  a:,  y.  Then  XJV^— XJoVs=0  satisfies  the 
above  conditions,  or  it  is  the  equation  to  the  curve  required  ;  but  it  is  an 
equation  which  is  satisfied  by  all  the  nine  points  of  intersection  of  the 
two  carves,  i.e.,  any  curve  that  passes  through  eight  of  these  points  of 
intefsection  passes  also  through  the  ninth.'  He  then  generalises  the 
form  of  equation  used  in  the  proof  by  forming  U=Wr_„U,„H- Vr_nV„,  where 
t*r-w  Vr-»  «^r©  two  polynomials  of  orders  r^m,  r^n  with  all  iheir  co- 
efficients complete,  and  proceeds  to  consider  how  many  arbitrary  con- 
ctants  are  at  disposal  in  this  equation.  At  first  sight  it  would  appear 
that  there  are  ((r— w))H-((r — w))— 1,  this  being  the  number  of  arbitrary 
constants  in  t^r-mi  ^r-nt  ^^^  ^^^  removed  by  division  (and  this  was  the 
erroneous  conclusion  arrived  at  by  Pliicker  when  dealing  with  surfaces  in 
which  r>m+»)  ;  but  when  we  consider  that,  if  r>wH-n,  we  may  take 
ti,_,=u^_^_«V,,  and  «?^_„=  — Wr-«-nXJm,  and  that  then  XJ=0,  we  see  that 
((f— 7M— n))  conditions  exist  among  the  arbitrary  constants  of  Ur^^i  ^r-» 
(viz.  those  obtained  by  equating  to  zero  the  coefficients  of  t^r-m-n))  ^^^ 
that  tiierefore  there  are  only  (^--w))  +  ((r— n))  — 1— ((r— m  — n))  incfe- 
psfident  arbitrary  constants  at  disposal.  When  r=mH-n— 1,  or  m-fn— 2, 
{(r-wi — n))=0,  and  it  is  therefore  immaterial  whether  we  consider  these 
eases  as  subject  to  the  law  affecting  the  cases  in  which  r<m+n,  where 
they  really  belong,  or  under  that  of  r>_w»H-7i;  the  simplest  plan  is  to 
indade  them  under  the  latter  and  to  say  that  when  r>mH-w— 3  the 
degrees  of  freedom  of  a  0^  through  the  points  of  intersection  of  the  given 
C„C,are  ((r-m))H-((r— w))— 1— ((r— »i— n)) ;  whereas  if  r<mH-n-3 
the  degrees  of  freedom  are  ((r— w)) +  ((>•--«))— 1,  which  agrees  with 
Jacobi's  result  for  rs=m+n— 3. 

The  above  statement  which  is  substantially  Cayley's.own,  deals  only 
with  the  degrees  of  freedom  of  the  C^  ;  but  the  question  may  also  be  put 
in  other  ways,  for  instance :  How  many  conditions  are  imposed  upon  the 
coefficients  of  any  C^  by  constraining  it  to  pass  through  the  mn  points  of 
intersection  of  a  given  C,„  and  a  given  C„  ?  And  :  flow  many  equations 
of  condition  must  subsist  among  the  co-ordinates  of  mn  points  on  a  given 
C,  if  they  are  the  points  of  intersection  of  the  C«  with  a  C«  ?  Since,  in 
general,  a  C^  has  ((r))— 1  degrees  of  freedom,  and  since  we  have  shown 
that,  if  r  >  m + w—  3,  a  C,  under  the  given  conditions  has  ((r — n))  +  ((r —m)) 
— 1— ((r— m— w))  degrees  of  freedom,  it  follows  that  the  number  of  con- 
ditions imposed  by  the  mn  points  must  be  the  difference  between  these 
nombers,  ic,  exactly  mn ;  but  if  r<m-f-n— 3,  the  degrees  of  freedom  of 
the  C,.  were  found  to  be  ((r— m))— ((r— n))— 1,  and  therefore  the  number 
of  conditions  imposed  by  the  mn  points  on  the  constants  of  the  C^  is,  in 
that   case,  ((r))— 1— ((r— n))— ((r— m))+l=mn— ((r-m  — n)).     Again, 
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these  results  show  that  the  number  of  equations  of  condition  which  must 
subsist  among  the  co-ordinates  of  mn  points  on  a  given  C„  in  order  that 
they  may  also  lie  on  a  given  C„  are  ((r^m-^n)),  where  r  is  the  order  of 
another  curve  through  these  mn  points  such  that  r<m+n— 3.  And 
this  agrees  with  the  theorems  of  Pliicker  and  Jacobi.  For  if  r^m^tty 
r_<2r— 3,  provided  r>2,  and  ((r— m— n))=s((— n))=:((n— 3)) ;  while  if 
r=my  m>n,  r<r+n— 3,  provided  n>2,  and  once  more  {(r-^m  —  nyirsi 
((-«))=((«-3)). 

Cayley,  however,  did  not,  in  this  paper,  express  his  results  in  terms 
of  the  number  of  equations  of  condition  ;  the  problem  he  was  generalising 
was  geometrical,  and  in  extending  it  he  made  the  geometrical  statement : 
A  curve  of  the  rth  order  passing  through  the  mn  poinU  of  intersection  of 
two  curves  of  the  mUi  and  nth  orders  respectively^  may  be  made  to  pass 
through  ((r))— 1— mn  +  ((r— m— n))  arbitrary  points  {/"rfm+n — 3/  if 
T  be  greater  than  this  valuSy  it  may  be  made  to  pass  throt^h  ((r))— 1  — mn 
pointsonly.  And  he  concludes  :  *  Suppose  r  <m  +  n— 3,  anda  curve  of  the 
Tth  order  made  to  pass  through  ((r))— 1— mn  +  ((r— m  — n))  arbitrary 
points,  and  mn  — ((r— m— n))  of  me  mn  points  of  intersection  above. 
SvfCh  a  curve  passes  through  ((r))  — 1  given  points^  and  though  the 
mn— ((r— m— n))  are  not  perfectly  arbitrary,  there  appears  to  be  no 
reason  why  tlie  relation  between  the  positions  of  these  points  should  he 
such  as  to  prevent  the  curve  from  being  completely  determined  by  these 
conditions.  But  if  this  be  so^  tlien  the  curve  must  pass  through  the 
remaining  ((r— m— n))  points  of  intersection,  or  we  have  the  theorem  : 
If  a  curve  of  the  rth  order  (r>m  or  n,  r<mH-n — 3)  pass  through 
mn — ((r— m— n))  of  the  points  of  intersection  ofttvo  curves  of  the  mth  and 
ntli  orders  respectively,  it  passes  through  the  remaining  ((r — m — n))  points 
of  intersection.' 

More  than  forty  years  later  (in  1886),  this  last  theorem  was  challenged 
by  a  writer  who  had  been  influenced  by  Brill  and  Noether's  work  ;  the 
account  of  this  discussion  belongs  to  another  section. 

We  have  seen  that  Sturm  in  1826  extended  Desargues's  theorem  by 
showing  that  all  conies  through  four  points  cut  a  transversal  in  pairs  of 
points  in  involution.  Since  these  conies  have  an  equation  of  the  form 
XJH-\V=0,  the  obvious  extension  of  the  term  involution  is  to  the  seta  of 
n  points  determined  on  a  straight  line  by  the  curves  U„H-XV„=0  where 
U„,V^  are  of  order  n.  Cayley,  to  whom  the  first  suggestion  of  an 
extension  of  the  term  is  due,  went,  however,  much  further  than  this  in 
his  new  definition.  In  his  paper  entitled  *  On  the  Theory  of  Involution  in 
Geometry'  published  in  1847,^  he  thus  defines  the  term  :  Jf  U,V,  .  .  , 
be  given  functions  of  x,j,z,  ,  .  .,  homogeneous  of  the  degrees  m,  n,  .  .  ., 
and  u,v,,,,  arbitrary  functions  of  the  degrees  r— m,  r— n,  .  .  .,  ihert 
t/*0=uXJH-vV+  .  .  .  .,  O  is  a  function  of  degree  T,  which  is  in  invol^Uion 
witli  U,  y,  .  .  . ;  but,  as  a  matter  of  fact  the  questions  affecting  8a<^ 
an  equation  as  an  involution  are  not  discussed,  and  he  at  once  states 
that  tlie  question  which  immediately  arises  is  to  find  the  degree  q^ 
generality  of  B,  or  the  number  of  arbitrary  constants  which  it  can^ 
tains.  It  may  be  remarked  here  that  the  consideration  of  systems  <^ 
curves  whose  equations  involve  two  independent  parameters,  although 
such  would  come  under  the  above  general  form  for  0  by  taking 
0=U+XVh-;iW,  where  U,  V,  W  are  of  the  same  degree  and  involve 

*  Ccmb,  and  Dublin  Math  Jaum.,  vol.  ii.  pp.  62-61 ;  Works,  voL  i.  pp.  859-266. 
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(too  independent  variables  only,  is  foreign  to  Cayley't  purpose,  as  it  was 
to  Pliicker's  and  Jacobi's  ;  the  only  application  of  the  results  in  which 
the  additive  combination  of  three  functions  is  considered  is  to  the 
equations  of  sar&u^es  which  involve  three  independent  variables. 

For  our  present  purpose  it  will  be  sufficient  to  note  very  briefly  the 
results  of  this  paper  so  &r  as  they  apply  to  the  case  of  two  independent 
Tariables.  A  formula  is,  in  the  first  place,  found  for  the  number  of 
arbitrary  constants  in  9,  when  any  number  of  variables  are  involved, 
which  is  an  extensicm  of  that  found  in  the  former  paper  for  two  indepen- 
dent variables,  and  the  fact  is  pointed  out,  once  again,  that,  for  curves, 
when  r<fn  +  w— 3,  ((r— m— n))  more  arbitraiy  constants  exist  than 
would  exist  if  B  had  passed  through  mn  perfectly  arbitrary  points.  The 
following  general  question  is  then  attacked :  To  find  the  number  of 
relations  which  exitt  hetvoeen  K(0  + 1 )  variabUs^  forming  K  systems^  each  of 
ukick  scUi^ies  simultaneously  equations  of  the  orders  m,  n,  p,  .  .  .  respec- 
tively; the  number  of  these  equations  being  anything  less  than  i^;  or  ^ 
being  equal  to  0,  provided  at  the  same  time  Kssnmp  .  .  .  This  question, 
as  Cayley  points  out,  is  that  solved  by  Jacobi  for  the  particular  case  in 
which  K=mn,^=:2,  0=:2,  the  'relations'  being  equivalent  to  Jacobi's 
'equations  of  ccmdition.'  Cayley 's  general  formula  verifies  Jacobi's 
result. 
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I.  General  Notes  on  Stations  and  Registers. 

DuuiNG  the  past  year  the  registers  issued  are  Circulars  Nos.  6  and  7. 
These  refer  to  Shide,  Kew,  Bidston,  Edinburgh,  Paisley,  Toronto,  Vic- 
toria JB.C),  San  Fernando,  Cairo,  Cape  of  Good  Hope,  Calcutta,  Bombay, 
Kodaikanal,  Batavia,  Baltimore,  Mauritius,  Trinidad,  Irkutsk,  Perth, 
Wellington,  Christohurch,  Cordova  (Arg^itina),  Honolulu,  and  Tokio. 
Mr.  F.  A.  Oiaves,  Director  of  the  Meteorological  Service  in  the  Azores, 
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m 
writes  that  the  two  seismographs  referred  to  in  the  Report  for  1902  lu 
now  in  working  order,  one  at  Ponta  Delgada,  25^  41'  W  (Ih.  42m.  4S^ 
W.  long.,  and  the  other  at  Horta,  28°  38'  26"  (Ih.  54m.  348.)  W.  long.^ 

From  Professor  A.  F.  Griffiths,  President  of  the  Oahu  College,  i 
Professor  W.  D.  Alexander,  also  in  Hawaii,  I  learn  that  the  seismo^ 
sent  to  Honolulu  in  1899  is  at  the  U.S.  Magnetic  Ohservatory  near^ 
Harbour.    Mr.  Weinrich,  who  has  charge  of  the  instrument,  has  inst 
it  on  a  concrete  pier  rising  from  the  bed  rock.    The  instrument 
measures  8  feet  by  1 2  feet.     It  has  stone  walk  16  inches  thick,  and  is 
and  ceiled  with  boards.    The  room  has  ventilators,  but  the  temperatj 
is  almost  uniform  at  76°  F. 

Observers  using  or  interested  in   the  establishment  of  the  Br 
Association  type  of  instruments  who  have  during  the  past  year  vis 
Shide  were    Mr.  W.  J.  Kenny,   H.B.M.  Consul,  formerly  of  Hai> 
Professor  H.  F.  Reid,  of  Baltimore  ;  Mr.  C.  Michie-Smith,  of  Kodaikao 
and  Mr.  E.  Human,  of  Colombo.   The  latter  gentleman,  whose  object 
to  discuss  observatory  sites  and  the  working  of  seismographs,  came  at  I 
suggestion  of  the  Colonial  Office. 

As  might  be  anticipated,  now  that  experience  has  been  gained 
working  the  instruments,  correspondence  with  stations  has  considerali— 
decreased.  f  ^ 

II.  The  Origin  of  large  Earthquakes  recorded  in  1902  and  since  1899.  P_ 

On  the  accompanying  map  (Plate  I.)  the  origins  for  1902  are  indicai 
by  small  numerals  which  correspond  to  earthquake  numbers  in  the  S^ 
registers.  These  are  divided  into  districts  marked  alphabetically.   The  ~ 
numerals  give  the  number  of  large  earthquakes  which  have  originated 
each  district  since  1899.     Maps  corresponding  to  the  one  here  given  c 
be  found  in  the  < British  Association  Reports'  for  1900,  p.  70,  and  190: 
p.  64.    The  methods  employed  in  determining  origins  are  referred  to 
the  Report  for  1900,  pp.  79  and  80. 

The  chief  feature  in  the  map  for  1902  as  compared  with  those  for 
preceding  years  is  the  increase  of  activity  shown  for  the  Caucasian- 
Himalayan  district  K  and  the  decrease  in  the  Alaskan  and  Andean  regions 
(A  and  D).  If  we  omit  districts  E  and  A  then,  as  pointed  out  by  Fto- 
fessor  Libbey,  a  circle  of  about  70^  radius  and  centre  180°  E.  or  W.  long. 
and  60°  E^.  latitude  in  Behring  Straits  passes  through  the  seismic 
regions  of  the  world  which  are  at  the  present  time  most  active.  On  the 
map  this  is  indicated  by  a  dotted  line.  The  Pacific  origins  fall  on  a  circle 
about  75°  in  radius,  with  its  centre  180°  E.  or  W.  long,  and  30°  S.  lat. 

Mr.  J.  H.  Jeans,  in  his  paper  on  '  The  Vibrations  and  Stability  of  a 
Gravitating;  Planet,'  *  suggests  that  these  regions  lie  on  a  great  circle  of 
which  England  is  the  pole,  this  circle  being  ^e  equator  of  the  supposed 
pear-shapeid  form  of  the  world.    The  equator  for  the  pear-shaped  form»      / 
according  to  Professor  W.  J.  SoUas,^  has  its  centre  about  6°  N.  lat.  and     / 
30°  E.  long.  >^ 

III.  JSartJiquakes  and  Changes  in  LtUitude, 

In  the  '  British  Association  Report '  for  the  year  1900,  p.  107,  the 
wanderings  of  the  pole  from  its  mean  position  are  compared  for  the  years 

»  Phil.  Trans,  Royal  Soc,,  voL  ccL  p.  183. 

«  •  The  Figure  of  the  Barth,*  Qxiart.  J<mm,  Oeol.  Soc.t  vol.  lix.  Part  2. 
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1895  to  1898  inolosive,  with  the  registers  of  earthquakes  which  daring 
that  period  have  disturbed  the  whole  world,  or,  at  least,  continental 
areas.  A  suggested  conclusion  was  that  when  the  pole  displacements 
were  comparatively  great  large  earthquakes  were  frequent,  and  vice 
vena.  The  inference  to  be  drawn  from  the  following  note  is  that  this 
same  type  of  earthquake  has  been  frequent  when  the  change  in  direction 
of  the  movement  of  the  pole  has  been  marked.  In  the  following  table 
the  years  (1892  to  1899)  have  each  been  divided  into  ten  parts,  and  the 
large  earthquakes  which  occurred  during  each  of  these  intervals  are 
given  by  numerals. 

The  earthquake  registers  from  which  the  latter  figures  have  been 
abstracted  are  as  follows  : — 

1.  March  14, 1892  to  Aug.  7, 1893.— Strassbnrg  and  Nicolaiew  (see  <  Horizontalpendel- 

BeobachtoDgen/  &c.,  von  Dr.  B.  von  Kebeur-Faschwitz.    *  Beitrage  zar  Qeo- 
phywk/  Band  IL). 

2.  Aug.  7, 1893,  to  Sept.  12, 1834.— Charkow  (see  *  Ergebnisse  der  anf  der  Charkower 

Universit&tssteinwarte/  mit  den  v.  Rebeoi'schen  Horizontalpendel  angestellten 
Beobachtangen,  v.  Prof.  G.  Lewitzky). 

3.  Jan.  1, 1894,  to  Dec.  31, 1896. — Italian  and  other  stations  (see  *  Bollettino  della 

Society  Sismolo^ica  Itidiana,*  1895. 

4.  Jan.  1, 1897,  to  Dec.  31,  1902. — Registera  from  stations  widely  spread  over  the 

world,  published  by  the  Seismological  Investigation  Committee  of  the  British 
Association. 

Although  these  registers  are  comparable  so  far  as  world-shaking 
earthquakes  are  concerned,  it  is  evident  that  in  the  last  list  very  large 
earthquakes  are  included  which  could  not  have  reached  stations  in 
Europe.  For  this  reason,  so  far  as  actual  frequency  is  concerned, 
Registers  I.,  II.,  and  III.  are  not  comparable  with  No.  IV. 


Periods                 1   1892 

1898 
8 

1884 

1896 

1896 

1897 
3 

1898 

1899 
9 

0-1,  Jan.  1  to  Feb.  6    .   noobs. 

12 

r  1 
I  1 

2 

4 

1-2,  Feb.  5  to  Mar.  14  . 

»f 

22 

11 

r  1 
1  1 

/7 

4 

r  9 

\10 

2-3,  Mar.  14  to  April  19 

{•t 

16 

13 

1 

{I 

3-4,  AprU  19  to  May  26 

r32 

\41 

19 

0 

4 

5  or  7 

4 

4-5,  May  26  to  July  1  . 

0 

3 

1 

3 

7  or  11 

8 

6 

6-6,  July  1  to  Aug.  7    . 

8 

24 

14 

r  1 

I    2 

0 

6 

7 

ri6 

I    6 

6-7,  Aug.  7  to  Sept.  12 

/   8 
\12 

20 

10 

3 

9 

j5 
16 

7-8,  Sept.  12  to  Oct.  19 

12 

no  obs. 

0 

(1 

('? 

10 

8-9,  Oct.  19  to  Nov.  24 

7 

6 

n 

2 

1 

7 

9-10,  Nov.  24  to  Dec.  31 

10 

r  9 

»f 

1 

0 

5 

5 

5 

Earthquake  figures  connected  by  brackets  refer  to  two  periods,  each 
of  36*5  days,  when  the  change  in  direction  of  pole  movement  was 
marked.  In  the  following  table  the  total  number  of  earthquakes  which 
occurred  in  each  of  these  two  periods  is  so  far  as  possible  compared  with 
the  total  number  of  earthquakes  which  were  recorded  in  equal  intervals 
of  time  (73  days)  before  and  after  the  deflection  periods. 

Sarthquakes  before  deflection ;  no  obs.  8  38  18  —  22  no  obs.  13  3 
Earthquakes  during  deflection:  ^  SO  73  2i  2i  S4  e  3  2  iO 
Earthquakes  after  deflection :        8        17    44    —    22    no  obs.     1         2     7      3 

Earthquakes  before  deflection :  8  14  8  15  14  10 
Earthquakes  during  deflection:  10  17  13  11  i9  2S 
Earthquakes  after  deflection  :  12  or  18     9    15      6    10        17 
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Out  of  sixteen  deflections  there  are  twelve  instances  where  the 
greater  number  of  earthquakes  have  taken  place  during  the  deflection 
period.  In  three  instances  the  number  for  the  deflection  period,  although 
exceeded  by  number  before  or  after  that  period,  has  been  greater  than 
the  average  of  the  sum  of  the  preceding  and  succeeding  numbers.  In 
only  one  instance  (February  5  to  April  19,  1896)  have  the  earthquakes 
in  the  deflection  period  had  a  distinct  minimum.     The  totals  for  before. 
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during,  and  after  comparable  deflection  periods  are  re^>ectively  117,  200, 
and  153. 

One  inference  from  this  investigation  is  not  that  the  molar  displace- 
ments accompanying  large  earthquakes  result  in  polar  displacements,  but 
rather  that  changes  in  direction  of  these  latter  movements,  particularly 
when  the  rate  of  change  has  been  rapid,  have  had  an  influence  upon 
earthquake  frequency.  From  Albrecht's  figure  of  movements  of  the 
North  Pole  (fig.  2),  on  which  the  numbers  of  large  earthquakes  correspond- 
iug  to  diflerent  periods  are  given,  the  periods  of  rapid  change  can  be  seen. 

Digitized  by  CjOOQIC 


ON  SEISMOLOQICAL  INVESTIGATION.  81 


IV.  On  the  Comparison  of  Records  from  three  Milne  Horizontal 
Pendulums  at  Shide. 

At  Sbide  three  Milne  horizontal  pendulums  ai*e  installed  on  two 
similar  brick  piers,  2  ft.  6  in.  distant  from  each  other.  Each  pier  it 
1  ft.  6  in.  square,  and  rises  4  feet  above  its  footings,  which  rest  on 
concrete.  One  pier  was  built  in  May  1897,  and  the  other  in  November 
1902.  The  instruments  are  described  in  the  '  British  Association  Report ' 
for  1902,  p.  60.  The  older  of  the  two  piers  carries  the  type  instrument, 
which  hais  a  period  of  16  seconds  and  records  east  and  west  movements. 
This  is  referred  to  as  pendulum  A.  Pendulum  B  has  the  same  period, 
and  is  oriented  in  the  same  direction  as  pendulum  A.  Pendulum  C, 
which  with  B  forms  the  Yarrow  instrument^  has  a  period  of  20  seconds 
and  records  north-south  motion. 

The  following  results  refer  to  seismograms  obtained  between  November 
21,  1902,  and  March  24,  1903,  or  in  the  Shide  r^ter  Nos.  659  to  693. 

Times  of  Commencement, — Out  of  twenty -six  cases  the  times  of  c<mi* 
mencement  of  A  and  B  have  in  eleven  instances  never  differed  more 
than  one  minute.  When  this  limit  has  been  exceeded  the  movements  to 
be  measured  have  usually  been  slight  thickenings  or  blurs.  Comparing 
C  with  A  or  B,  out  of  nineteen  cases  there  are  ten  instances  falling  within 
the  one-minute  limit. 

Times  of  Maoeima, — The  times  at  which  maxima  have  occurred  as 
recorded  by  A  and  B  have  not  differed  more  than  two  minutes  in  ten 
instances  out  of  fourteen  records.  When  this  limit  has  been  exceeded 
the  records  usually  refer  to  slight  thickenings  in  traces  in  which  one  out 
of  several  points  might  be  selected  as  a  maximum. 

The  maxima  for  C  agree  within  the  two-minute  limit  with  those  of 
A  and  B  eight  times. 

Amplitudes, — ^The  amplitudes  recorded  by  A  and  B  have  in  twenty- 
five  cases  only  once  differed  1  mm.  from  each  other.  The  records 
obtained  for  C  have  not  differed  greatly  (*5  to  1  '5  mm.)  from  those  shown  by 
A  and  B.  Out  of  twenty  instances  the  0  records  were  eleven  times  larger, 
three  times  smaller,  and  nine  times  equal  to  those  shown  by  A  and  B. 

Durations, — Out  of  twenty-one  instances  the  records  of  C  were  three 
times  greater,  six  times  smaller,  and  twelve  times  practically  equal  to 
those  obtained  from  A  and  B. 

These  comparisons  are  similar  to  comparisons  of  recprds  from  two 
similar  seismographs  made  by  Dr.  Charles  Chree,  F.B.S.,  at  Kew.^ 

V.  On  the  Comparison  of  Earthquake  Registers  fro^n  Shide,  KeWy 
Bidsto7i,  and  Edinburgh* 

In  the  *  British  Association  Reports,'  1901,  pp.  44-50,  and  1902, 
pp.  73,  74,  references  are  made  to  series  of  earthquake  records  obtained 
at  Kew,  Shide,  Bidston,  and  Edinburgh,  stations  which  are  respectively 
situated  on  alluvium,  chalk,  sandstone,  and  volcanic  rock. 

The  following  notes  chiefly  refer  to  observations  made  between  July  1 
and  December  81,  1902,  during  which  period  the  instruments  at  the 
different  stations  have  been  so  adjusted  that  1  mm.  deflection  of  the 
outer  end  of  the  boom  corresponded  to  a  tilt  of  the  bed  plate  of  0"*5, 

1  See  BA,  Report,  1901,  p.  61. 
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E(Mrihquake  Frequency, — ^The  number  of  earthquakes  recorded  wore  as 
follows : — 

July  to  December,  1902    .  BidstOD,    69      Shide,    40       Edinburgh,    37      Kew,    30 

During  the  year  1902        .       „         134  „        78  „  70         „       64 

During  11  months  in  1901  .       „  94  „        90  „  85         „       63 

Total  for  two  years        228  168  165^  127 

Each  of  the  earthquakes  considered  was  recorded  at  more  than  one 
station,  and  therefore  it  is  extremely  unlikely  that  artificially  produced 
disturbances  have  been  included  in  the  computations. 

Earihqtuike  Duration, — Between  July  and  December  there  were  ten 
earthquakes,  each  of  which  was  recorded  at  all  four  stations.  The  total 
number  of  minutes  which  the  instruments  were  caused  to  move  by  these 
disturbances  were  : — Edinburgh,  691 ;  Kew,  610 ;  Shide,  606  ;  and 
Bidston,  545. 

Amplitudes  — ^The  sum  of  the  maximum  amplitudes  in  millimetres  for 
ten  earthquakes  was  as  follows : — Shide,  19*4  ;  Kew,  14'1  ;  Edinburgh, 
12-0 ;  Bidston,  9-0. 

These  quantities  regarded  as  angular  displacements  may  be  respectively 
read  as  9"-7,  7"-2,  6''-5,  and  4"-5.  Add  to  these  the  corresponding 
quantities  for  earthquakes  recorded  between  January  and  June,  then  the 
totals  for  the  year  1902  are  :  Edinburgh,  2r'-5  ;  Shide,  2r'-l ;  Kew,  20"-9  ; 
and  Bidston,  13"-2. 

If  in  making  these  comparisons  the  large  earthquakes  are  omitted, 
then  the  amplitudes  of  motion  as  recorded  at  different  stations  are 
practically  identical. 

Commencements, — Out  of  thirteen  records  (June  to  December  1902) 
at  Bidston  the  commencements  have  been  the  earliest — or  not  more  than 
two  minutes  later  than  those  recorded  at  other  stations — nine  times,  at 
Shide  seven  times,  at  Edinburgh  six  times,  and  at  Kew  three  times. 

Conclusion, — For  the  present,  at  least,  the  conclusions  arrived  at  are 
as  follows : — 

1.  Bidston  records  the  greater  number  of  earthquakes  and  obtains 
earlier  commencements  for  the  preliminary  tremors  more  frequently  than 
at  other  stations. 

The  durations  and  amplitudes  recorded  at  Bidston  are  less  than  at 
other  stations. 

2.  Kew  records  the  least  number  of  disturbances,  and  commencements 
are  frequently  late.  Durations  and  amplitudes  ai^  similar  to  those 
obtaining  at  Shide. 

3.  At  Edinburgh  and  Shide,  frequency,  time  of  commencement^  and 
amplitude  are  similar,  but  at  the  former  station  the  duration  is  greater 
than  at  the  latter. 

VI.  Earthquake  Commencements  as  recorded  at  Strasshurg  and 
in  Britain, 

The  records  referred  to  in  the  following  note  are  those  obtained  in 
1902  from  the  Rebeur-Ehlert  pendulums  at  Strassburg  or  Hamburgh 
and  the  Milne  pendulums  installed  at  Kew,  Shide,  Bidston,  and  Edin- 
burgh.    The  multiplication  of  the  Strassburg  apparatus  is  about  eight 

1  See  J9.^.  i7^0r^i  1898,  p.  268. 
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times  that  of  the  instruments  employed  at  the  stations  in  Britain,  from 
which  it  might  be  inferred  that  very  minute  preliminary  tremors  might 
be  recorded,  and  therefore  earlier  commencements  of  motion  be  calculated 
for  these  Continental  stations  than  would  obtain  in  Britain. 

With  the  assumption  that  the  greatest  difference  in  time  that  could 
exist  between  the  commencement  of  motion  at  these  two  groups  of 
stations  is  four  minutes,  the  comparison  of  fifty>six  records  common  to 
Crermany  and  Britain  leads  to  the  following  : — 

In  twenty-four  instances  the  difference  in  the  times  of  commence- 
ments does  not  exceed  the  four- minute  limit.  These  in  the  Shide  register 
correspond  to  numbers  581,  584,  585,  586,  588,  590,  595,  606,  614,  616, 
619,  6196,  625,  627,  636,  641,  642c,  644,  653,  658,  661,  662,  663,  665. 

The  remaining  thirty-two  instances  where  this  limit  has  l^en  exceeded 
refer  to  twenty-one  mere  thickenings  of  the  trace  and  eleven  to  earthquakes 
with  moderate  amplitudes.  These  thirty-two  instances  may  be  divided  into 
two  groups,  there  being  twenty-three  cases  where  the  British  records  are 
late  relatively  to  those  noted  in  Germany,  and  nine  when  the  German 
records  fall  behind  those  obtained  in  Britain.  The  British  records,  which 
are  late,  are  numbers  578,  580,  588,  597,  598,  600,  6006,  6066,  611,  6136, 
617,  618,  6226,  624,  633,  639,  640,  which  are  all  minute  thickenings  on  the 
trace,  and  589,  592, 599, 609, 612,  and  659,  which  are  well-defined  records. 

The  German  records,  which  are  late,  are  numbers  576,  582,  610, 
which,  as  noted  in  Britain,  are  small,  and  numbers  572,  593,  601c,  607, 
626,  642,  which  are  large  or  fairly  large  disturbances.  The  number  of 
disturbances  as  recorded  in  Germany  with  too  late  commencements,  oddly 
enough,  is  exactly  the  same  as  reconled  in  Britain. 

The  conclusions  to  which  these  comparisons  point  are  : — 

1.  For  recording  small  tremors  which  do  not  extend  over  great  areas 
the  Rebeur-Ehlert  pendulum,  as  installed  at  Strassburg,  possesses  advan- 
tages over  the  Milne  horizontal  pendulum  as  installed  at  stations 
co-operating  with  the  British  Association. 

2.  For  recording  the  commencements  and,  it  may  be  added,  other 
phases  of  earthquslce  motion  which  affect  the  world  as  a  whole  the 
accuracy  of  the  records  from  both  types  of  instruments  is  practically 
identical. 

In  connection  with  these  conclusions  it  must  be  pointed  out  the 
fineness  of  the  trace  obtainable  with  the  British  Association  type  of 
instrument  partly  compensates  for  its  comparative  want  of  sensibility. 
The  particular  sensibility  given  to  it  is  one  that  is  obtainable  at  a  variety 
of  stations.  Were  this  increased,  which  is  easily  done  by  raising  its 
period  from  sixteen  to  twenty,  or  even  forty,  seconds,  when  it  would  be 
more  responsive  to  tremors,  then  at  many  stations  it  would  be  found 
that  diurnal  and  other  wanderings,  together  with  air  tremors,  would 
seriously  interfere  with  the  recording  of  earthquakes.  Instruments  of 
the  Rebeur-Ehlert  type,  with  large  multiplication,  not  only  consume  what 
for  many  would  be  a  prohibitive  quantity  of  photographic  paper,  but,  as 
for  example  at  Trieste  and  Kremsmiinster,  they  are  frequently  recording 
movements  which  are  not  required. 
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VII.  The  Velocity  of  PropagcUion  of  Earifujuake  Vibrations, 

In  the  'British  Association  Report  *  for  1902,  p.  65,  a  diagram  is  given 
showing  the  time  taken  for  various  phases  of  earthquake  motion  to 
traverse  arcs  or  distances  corresponding  to  arcs  of  various  lengths. 

From  this  diagram  an  arcual  velocity  for  the  maximum  of  large  wave 
movement  may  be  derived  of  3  km.  per  second.  For  the  commencement 
of  such  movements  this  would  be  slightly  increased,  and  would  then 
accord  with  observations  made  by  Dr.  F.  Omori,  who  obtains  for  this 
particular  phase  an  arcual  velocity  of  3*3  km.  per  second. 

To  give  actual  velocities  or  average  velocities  for  the  preliminary 
tremors,  not  knowing  the  paths  they  follow,  is  accompanied  by  un- 
certainties. What  can  be  done,  and  is  shown  in  the  following  table,  is 
from  the  above-mentioned  time  curve  to  calculate  velocities  on  the 
assumption  that  the  paths  have  been  arcs  or  have  approximated  to  chords, 
or  we  can  make  similar  calculations  from  a  time  curve  so  corrected  that 
11  and  17  minutes  are  respectively  taken  to  traverse  distances  corre- 
sponding to  70°  and  150°.  The  justification  of  reducing  the  steepness  of 
tne  preliminary  tremor  curve  and  yet  keeping  within  the  results  of 
observation  rests  upon  the  analysis  given  on  pp.  5  and  6, 

Average  Velocities  of  Preliminary  Treoiars, 
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From  the  above  table  it  will  be  seen  that  if  the  preliminary  tremors 
follow  paths  which  are  arcual,  then  there  is  a  mark^  increase  in  speed 
of  transmission  on  long  paths  as  compared  with  the  speed  upon  diort 
paths.  If,  however,  the  paths  approximate  to  chords,  then  velocities 
which  are  approximately  constant  prevail  The  deviation  from  being 
actually  constant  along  chordal  paths  is  apparently  a  slight  increase  in 
speed  along  paths  taken  nearer  and  nearer  to  the  centre  of  the  earth. 

The  high  values  of  10*5  to  12  km.  per  second  suggest  a  high  rigidity 
for  the  world,  whilst  the  approximate  uniformity  of  speed  within  its  core 
indicate  approximate  uniformity  in  those  properties  which  determine  the 
rate  at  which  it  transmits  vibrations.  Unless  it  is  assumed'  that  as  we 
descend  in  the  earth  electricity  and  density  increase  in  the  same  ratio,  to 
which  hypothesis  there  are  objections,  the  inference  is  that  the  nucleus  of 
the  world  has  a  density  more  nearly  uniform  than  is  generally  assumed. 

To  satisfy  the  interpretation  given  to  these  seismometrical  observations 
what  is  required  is  a  globe  with  an  approximately  uniform  nucleus  not 
less  than  |^  of  the  earth's  radios  covered  by  a  shell  which  passes  rapidly 
upwards  into  the  materials  which  constitute  the  crust  of  the  world. 

>  In  an  article  in  Nature^  April  9,  1 903,  p.  638,  on  '  Seismometry  and  Geite,' 
minimtim  values  are  given  for  these  qoantities. 

'  If  these  last  values  are  plotted  on  squared  paper  a  curve  for  their  mean  posi- 
tion gives  the  following  values:  3  to  6,  90,  10-4,  10*6, 10-8,  110, 11-3, 11-6  and  12-0 
km.  per  second. 
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Thai  low  velocities  are  found  on  wave  paths  corresponding  to  chords 
of  less  than  10^  suggests  that  this  crust  is  not  more  than  forty  miles 
in  thickness.  This  seismometrical  determination  of  thickness  for  the 
earth's  crust  accords,  it  will  be  observed,  with  determinations  of  the  same 
quantity  which  are  chiefly  dependent  upon  the  effocts  of  high  temperatures 
assumed  to  prevail  at  sudi  a  depth.     At  fusion  temperatures  liquefaction 


[Fio. 


3.— Average  Velocities  for  Preliminary  Tremors  if  propagated 
along  Chords.] 

10* 


is  a  state  for  many  substances  which  is  promoted  by  pressure,  whilst  at 
still  higher  temperatures  Arrhenius  points  out  that  whatever  the 
pressure  might  be  it  seems  probable  that  fluids  would  become  gaseous,  and 
such  gases  would  be  dense,  but  slightlv  compressible  and  viscous.  What 
the  velocity  table  (as  it  now  stands)  indicates  is  that  a  crust  passes 
rapidly  into  a  nucleus  which  is  exceedingly  rigid  and  fairly  homogeneous. 
A  specific  gravity  can  be  defined  for  this  nucleus  which  will  meet  the 
requirements  of  gravitational  observations,  and  it  seems  likely  that  the 
same  may  accord  with  the  tests  of  the  astronomer. 


Iscmorphovs  Sidphonic  Derivatives  of  Benzene. — FouHh  Report  of  the 
Committee  J  consisting  of  Professor  H.  A.  Miers  (Chairman\ 
Dr.  H.  E.  Armstrong  (Seeretanj),  Professor  W.  P.  WvifNE  and 
Professor  W.  J.  Pope.     (Drawn  up  by  the  Secretary.) 

The  object  the  Committee  have  primarily  in  view  is  the  crystallographic 
study  of  the  complete  series  of  sulphochlorides  and  sulphobromides  derived 
from  the  isomeric  dichloro-,  dibromo-  and  chlorobromo-benzenps. 

The  results  obtained  in  the  case  of  the  para-  and  two  of  the  three 
series  of  meta-derivatives  have  been  referred  to  in  previous  reports.  It 
may  be  pointed  out  that  whereas  no  evidence  was  obtained  that  the  1  :  4 
derivatives  exist  in  polymorphic  forms — the  five  compounds  measured 
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being  strictly  isomorphous,^  in  the  case  of  the  meta-derivatives,  the  1:3:4 
series  formed  an  isotrimorphous  group,  the  1:3:5  series  an  isotetra- 
morphous  group. 

During  the  past  year  Mr.  Harding  has  determined  the  constants  of  five 
of  the  eight  members  of  the  1:2:4  ortho-series,  viz.,  the  chlorides  derived 
from  the  acids  Nos.  I,  II,  and  IV  and  the  bromide  of  acid  Na  II : — 


CI 


a 


Br 


Br 
/^Br 


J 


SO3H 
III 


SO3H 
IV 


Of  the  chlorides,  I  and  II  are  practically  identical  crystallographically ; 
the  chloride  of  IV  was  obtained  in  quite  a  distinct  form,  belonging,  how- 
ever, to  the  same  crystallographic  system.  The  bromide  of  II  was  obtained 
in  both  these  forms,  so  that  it  establishes  a  connecting  link  between  the 
two  isomorphous  series  which  evidently  exist. 

Great  difficulty  was  experienced  in  making  the  measurements  owing 
to  the  low  melting-points  of  the  sulphon-halides  and  the  extraordinary 
way  in  which  they  crystallise  (from  a  mixture  of  benzene  and  petroleum) 
in  very  thin  micaceous  plates  ;  it  was  discovered,  however,  that  by  using 
petroleum  of  higher  boiling-point  more  massive  crystals  could  be  obtained  ; 
forms  fit  for  measurement  were  eventually  secured  by  this  artifice. 

It  would  seem  that  the  character  of  the  solvent  has  a  definite  influence 
on  crystalline  form,  especially  in  tlie  case  of  substances  which  manifest 
polymorphism.  When  opportunity  offers  it  will  undoubtedly  be  desirable 
to  study  this  question  experimentally. 

The  anilides,  which  have  higher  melting-points  than  the  halides. 
crystallise  with  much  greater  facility  ;  the  opportunity  has  been  taken  to 
study  several  of  these.  Mr.  Harding  finds  that  the  orthodichloranilide 
exists  in  two  forms,  one  orthorhombic  the  other  monosymmetric ;  and 
that  whilst  the  dibromo-  and  bromochloranilides  crystallise  in  a  form 
isomorphous  with  the  monosymmetric  form  of  the  dichloranilide,  the 
fourth  anilide  crystallises  in  a  second  monosymmetric  form. 

Mr.  Harding  has  also  measured  the  1  :  3  dibromo-  2  sulphochloride 
and  has  thus  made  a  beginning  with  the  1:2:3  meta- series. 

Although  the  material  is  available,  it  has  been  impossible  hitherto  to 
obtain  two  of  the  para-compounds  and  three  1:2:4  derivatives  in 
forms  suitable  for  measurement  i  it  is  hoped  that  the  difficulty  will  be 
overcome  and  that  the  experience  which  has  been  gained  will  make  it 
possible  to  extend  the  investigation  to  the  remaining  terms  of  the  meta- 
and  ortho-series  at  no  distant  date.  It  is  very  desirable,  for  this  purpose, 
to  have  large  quantities  of  material  at  disposal  and  that  special  apparatus 
should  be  devised  which  will  make  it  possible  to  effect  the  orystallisatioa 
under  constant  conditions. 

*  Mr.  Harding  has  recently  been  able  to  obtain  a  sixth  member  of  this  series — 
the  1  CI :  4  Br :  8  snlphobromide — in  measurable  form,  and  finds  that  it  is  isomorphoiis 
with  five  which  Mr.  Gidden  measured.  Mr.  Gidden  did  not  succeed  in  preparing  this 
compound. 
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Wave-length  Tiibles  of  Hire  Spectra  of  the  Elements  and  Compounds, — 
Report  of  the  Committee^  consisting  of  Sir  H.  E.  RoscoE  (Chair- 
man).  Dr.  Marshall  Watts  {Seci-etary)^  Sir  J.  N.  Lockyer,  Pro 
fessor  J.  Dewar,  Professor  G.  D.  Liveino,  Professor  A.  Schuster 
Professor  W.  N.  Hartley,  Professor  Wolcott  Gibbs,  and  Captain 
Sir  W.  DE  W.  Abney. 

Molybdenum  (Arc  Spectrum). 
Hasaelberg,  «KoiigL  Sveoska  Vetenskape-AkadeiiL  Handl./  Bd.  3C,  No.  2, 1002. 
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75-87 

5 

74-42 

4 

73  64 

4 

73-47 

3 

64-64 

4s 

60-39 

8 

58-71 

5 

66-06 

2 

53-56 

2 

51-31 

2 

50-60 

5s 

49-61 

2 

49-35 

.   2 

49-06 

2 

40-58 

2 

40-36 

2 

36  84 

2 

35-51 

2 

34-34 
31-64 
29-36 
25-56 


Redaction  to 

a  S^o 

Fraanhof er  Lines  (Rowland) 

Vacuum 

ti 

A  + 

1_ 

1-69    1     5-7 

20632-5 

»»      i^    «» 

656-2 

»»           »i 

6620 

f>           If 

672-6 

»t      1      »» 

680-4 

t»           t» 

684-8 

»f      1      t« 

6961 

ft           It 

697-6 

•>        i        y% 

704-0 

t 
•>        ,        I* 

727-6 

It        1        tf 

729-9 

>t        1        >* 

748-4 

>*                tt 

7601 

»t                »t 

764-2 

tf        1        tt 

778-7 

••                •» 

790-0 

08-32  Fe 

t> 

tt 

791-7 

tt 

tt 

802-8 

»» 

9* 

804-9 

tt 

tt 

841-7 

tt 

tt 

860-2 

» 

It 

853-9 

tt        1        »i 

865-4 

tt        i        tt 

858-2 

tt        1        tt 

878-1 

•t                tt 

880-6 

r  4786-73  Nl 
t     86-70  V 

tt                It 

885-6 

..  ;  .. 

891-3 

»  i  .. 

894-6 

8317 

tt        tt 

901-0 

It      1     5-8 

923-0 

76-66  Cc 

It            tt 

929-9 

t> 

932-8 

1 
tt            tt 

9391 

tt      1      tt 

942-6 

It      '      It 

948-2 

ti           It 

9821 

It 

f% 

21000-9 

II 

tt 

008-3 

It            It 

020-0 

t«      1      tt 

031-1 

II            tt 

0410 

II            It 

044-2 

II      1      tt 

048-5 

II      1      >t 

049-7 

It            tt 

061-0 

It           II 

088-7 

II            tt 

089-6 

tt      '      II 

105-3 

II            It 

111-2 

ti 

tt 

116-5 

ft 

tt 

129-4 

tt      1      II 

J38-7 

t> 

.. 

156-7 

Digitized  by  CjOOQIC 
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Molybdenum  (Abc  Spectbum)— <Mm<mti^. 


:       !       I 

Wate-lengthj        ^^*  ^   | 
I  Character  ' 


Fraunhofet  Lines  (Rowland) 


4723-50 

2 

23-27 

3 

19-08 

4 

18-13 

5 

16-88 

2 

14-69 

4 

1016 

2 

08-43 

6 

07-44 

7 

4707-46  Fe 

06-40 

2 

06-26 

4 

alsoCr 

00-71 

4 

4696-71 

3 

96-06 

2 

93-55 

2 

92-89 

2 

9219 

2 

91-06 

4 

88-41 

5 

4688-46  Fe 

86-28 

4 

8601 

4 

84-64 

2 

84-04 

3 

82-44 

2 

81-82 

2 

81-24 

2 

75-91 

2 

73-24 

2 

72-11 

6 

69-00 

2 

65-69 

2 

63-31 

2 

62-96  t 

6 

4662-93 

6211 

6 

67-67 

2 

56-67 

2 

52-47* 

4 

51-25 

4 

49-28 

3 

4802 

48 

42-90 

3 

41-78 

2 

41-12 

2 

35-22 

2 

3275 

2 

30-20 

4s 

27-70 1 

6 

4627-73 

26-67 

7 

also  V  4626-74  Mn 

2444 

4 

'       23-66 

38 

21-57 

6s 

1816 

2s 

17-82 

2 

16-81  • 

2 

'  Probably  not  due  to  Molybdenmn. 


Reduction  to 

.    d».    1 

Yacaom 

Oacillatio 
Freqaenc 
in  Yacu€ 

1 

X+ 

a" 

1-59    i     5-8 

21164-9 

1 
»»           If 

175-9 

»»           »» 

185-0 

»»           » 

189-0 

..  1  .. 

194-7 

)•      i      »f 

204-3 

»»           i» 

224-9 

>»           »» 

232-7 

»      1     6-9 

237-2 

"  ;  " 

241-7 

t»      » 

242-4 

»»      *• 

267-6 

»»      *» 

285-6 

»»      ft 

288-6 

»»      »» 

299-9 

»»  1  t> 

302-9 

»»  '  ft 

3061 

»»  ,  f» 

311-3 

♦»  1  t» 

323-3 

»»      »f 

333-0 

>*      t* 

334-2 

»•      ti 

340-9 

»»      »f 

343-2 

»»      II 

850-5 

>»      II 

353-3 

»»      »i 

356-0 

»» 

384-9 

If      ,f 

892-6 

..  :  .. 

397-7 

♦»         If 

4120 

»•         II 

4276 

»♦         II 

438-0 

»»     1     If 

439-7 

»»     ,     »f 

443-6 

M                     It 

464-0 

*>          1          If 

4691 

»l          '          II 

488-0 

>l 

493-6 

II                     ft 

502-8 

l»                     11 

508-6 

»•                     II 

532-4 

«»                     11 

537-6 

II          '          II 

540-6 

60 

572-6 

»♦           II 

579-5 

II           It 

591-3 

II           ff 

603-0 

»»           >i 

607-8 

II           It 

618-2 

II           II 

621-9 

II           II 

631-7 

II           II 

647-7 

II      1      II 

649-2 

II 

,1 

6540 

Digitized  by  CjOOQIC 
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BEPOBT — 1903. 
MOLTBDEHUK  (ABC  BTSCTRUuy-conHnued, 


Waye-length 


Intenfiity 
and 


Character 

4614-94 

2 

11-36 

4s 

n-03 

2 

10-07  t 

6 

08-90 

28 

08-32 

2 

03-78 

2 

4599-35 

4 

98-44 

2 

98-07 

2 

95-35 

6 

93-84 

2 

92-40 

38 

90-66 

4n 

88-33 

3n 

87-61 

2 

86-98 

2 

86-76 

2 

86-26 

2 

82-69 

2 

82-52 

2 

79-92 

2 

78-06 

2 

77-97 

28 

76-70 

68 

7606 

2 

76-36 

2 

74-80 

2 

74-66 

2 

70-78 

2a 

70-30 

48 

6921 

2 

67-87 

4 

67-57 

2 

60-32 

48 

69-94 

2 

58-92 

3 

58-30$ 

6 

6400 

4 

53-52 

3 

53-40 

3 

53-00 

2 

41-76 

4 

39-84 

2 

88-60 

2 

8700 

6 

86-56 

4 

36-00 

4 

34-63 

4 

29-59 

6 

28-77 

5 

26-56 

4 

26-60 

2 

24-63 

6 

22-37 

4 

Fraonhofer  Lines  (Rowland) 


4610H)9 


4660-27  Fe 
4668*29 


4268-80  Fe 


Bednciionto 

S     >*Q 

Yaoamn 

i 

X  + 

1 

1-69 

en 

21662-7 

»» 

., 

679-6 

»» 

w 

681-0 

»♦ 

f« 

685-6 

•» 

If 

696-1 

M 

tf 

693-9 

%% 

7163 

M 

" 

736-2 

»♦ 

740-3 

♦» 

742-3 

t 

7651 

f» 

762-3 

tt 

7691 

tf 

777-9 

ft 

788-4 

rt 

If 

791-8 

II 

794-8 

ti 

795-9 

•t 

798-8 

»i 

816-2 

>t 

If 

816-0 

f» 

»t 

828-4 

>• 

II 

887-3 

91 

If 

837-7 

If 

ff 

8438 

•f 

If 

846-9 

«' 

H 

849-2 

>» 

II 

862-9 

N 

If 

8635 

»» 

If 

872-1 

«l 

If 

874-4 

II 

If 

879-6 

11 

If 

886-0 

»» 

If 

887-6 

1 

1          ** 

6-1 

922-2 

II 

>f 

924-0 

1          ** 

t* 

928-9 

•1 

If 

931-9 

II 

If 

962-6 

„ 

If 

9649 

II 

If 

966-6 

II 

If 

967-4 

»1 

ft 

22011-8 

II 

If 

021-1 

11 

f» 

026-1 

II 

ff 

034-9 

11 

If 

041-9 

II 

tf 

044-6 

»l 

It 

046-4 

If 

ti 

0709 

>f 

ft 

076-0 

II 

>f 

090-6 

1. 

II 

090-9 

II 

ft 

095-6 

II 

ti 

106-2 

Digitized  by  CjOOQIC 
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Molybdenum  (Abo  BPECTRUM)'^continued, 


Reduction  to 

CK 

Intenadty 

Vaoaom 

iP 

Ware-length 

and 

Fraonhofer  Lines  (Rowland) 

Character 

1-69 

1 
A 

4518-61 

2 

61 

22124-6 

17-68 

4 

It 

•I 

129-6 

17-301 

6 

4517-28  4517-32  Co 

II 

" 

136.1 

16-36 

4 

«t 

1) 

140-6 

16-20 

3 

tt 

ft 

141-3 

12-32 

6 

" 

155-4 

06-86 

4 

182-3 

06-22  1 

06-13  ; 

6 

It 

185-4 
186-9 

01-44 

4 

4501-42  Ti 

II 

2090 

4499-62 

4 

It 

218-2 

94-27 

2 

6-2 

244-3 

92-24 

2 

244-4 

92-00 

2 

1 

265-6 

91-46 

6 

ti 

II 

258-3 

90-37 

4 

»» 

It 

263-7 

89-17 

3 

91 

269-6 

87-23 

4 

fi 

It 

278-7 

85-16 

5 

>» 

II 

289-5 

75-82 

4 

>» 

f* 

336-1 

74-78 

8 

1 

341-3 

73-37 

5 

ft            »t 

348-3 

72-28 

3 

t>            t> 

354-0 

71-85 

3 

It            It 

365-9 

68-46 

6 

It            II 

372-9 

68-28 

2 

II            11 

373-8 

64-96 

6 

4464-94  Fe 

I*           II 

390-4 

60-80 

4 

1 

■       1)       ;       i> 

411-3 

68-84 

3 

..    ,    ., 

421-2 

67-55 

7 

t>            •> 

427-6 

52-77 

3 

♦1 

11 

461-7 

49-92 

6 

»> 

It 

466-1 

47-41 

3 

ti 

M 

478-8 

46-62 

48 

i» 

ft 

482-8 

44-21 

2n 

If 

ft 

495-0 

43-25 

4s 

It 

It 

499-8 

42-37 

5s 

>t 

tt 

.   504-3 

39-16 

2s 

If 

If 

520-6 

37-36 

2 

11 

tt 

529-7 

37-06 

4 

ft 

It 

631-2 

33-68 

38 

11 

tt 

548-4 

29-32 

2 

It 

6-3 

570-6 

28-39 

2 

ft 

If 

676-3 

26-86 

5 

II 

It 

583-3 

24-40 

2 

ft 

685-6 

23-79 

5 

It 

tt 

698-8 

23-24 

2  alsoNl 

It 

tt 

601-4 

22-23 

3 

ft 

•f 

606-7 

20-91 

2 

It 

tt 

613-6 

17-40 

2 

It 

ft 

631-4 

12-96 

4 

It 

II 

654-2 

11-90 

6 

11 

It 

669-7 

11-76 

5 

It 

It 

660-4 

1016 

4 

)i 

It 

668-6 

09-61 

2 

>f 

It 

671-4 

Digitized  by  CjOOQIC 
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REPORT — 1908. 


Molybdenum  (Abo  Qp^cyrBVU)— -continued. 


Reduction  to 

c  §*o 

Intensity 

and 
Character 

Fraunhofer  Lines  (Rowland) 

Yacnnm 

Wave-length 

X  + 

1 
A 

440704 

2 

1*59 

63 

22684-7 

04-71 

3s 

»» 

ft 

696-7 

03*07 

4 

»> 

ff 

705*1 

02-67 

4 

»» 

ft 

707-2 

4398-68 

2 

»» 

ft 

727-8 

97-48 

4 

»» 

tf 

734  0 

97-02 

2 

»f 

ft 

7364 

96-83 

48 

t* 

tf 

737*3 

96*65 

2 

ft 

tf 

738*8 

94-67 

3 

*• 

ft 

7485 

94-49 

3 

» 

It 

749-7 

92-32 

'3 

»» 

ft 

760*7 

91-71 

3 

»> 

tt 

763*9 

89-76 

2 

»t 

ft 

7740 

88-49 

2 

»i 

tf 

780^5 

8610 

2 

)• 

ft 

792-9 

82-61 

4 

•t 

ft 

811*2 

81-82 

8 

if 

tt 

815*3 

81-36 

2 

n 

>t 

817-6 

80-80 

3s 

t* 

ft 

820*6 

80-47 

4 

f) 

ft 

822*3 

76-87 

2 

t> 

ft 

841-1 

75-21 

3 

It 

It 

849*7 

7507 

2 

t» 

ft 

850-4 

73-52 

2 

»» 

ft 

868*6 

72-31 

2 

» 

ft 

864-9 

70-33 

2 

ft 

t» 

876*3 

C9-23 

5 

fi 

tt 

881-0 

66-73 

4 

•» 

6*4 

894-0 

64-90 

2 

.. 

>f 

903-6 

64-76 

2 

»       j       tf 

904*3 

64  65 

3 

,. 

t* 

904-9 

68-82 

3 

»» 

tf 

909-8 

63*21 

2 

t) 

>t 

912-6 

62-87 

2 

fi 

ft 

914*3 

62-20 

8 

If 

ft 

917-8 

67-50 

3 

t» 

ft 

942-6 

54-88 

2 

fi 

tf 

956*3 

53*48 

4 

tf 

ft 

963*7 

50-53 

6 

„ 

ft 

979-3 

49*41 

2 

tf 

tt 

985-2 

46*40 

2 

tf 

tt 

230011 

44-86 

3 

ft 

ft 

009-3 

4216 

2 

ft 

>t 

023-6 

41-61 

4 

ft 

ft 

026*5 

40-93 

4 

ff 

tt 

0301 

40-02 

3 

tf 

tt 

036*0 

39-42 

2 

ff 

ft 

038-2 

38-90 

4 

tf 

ft 

040-9 

38-73 

2 

>t 

tt 

041-8 

36-38 

2 

tf 

tt 

054-4 

36-00 

4 

ff 

ft 

061-6 

34-65 

2 

ff 

ft 

063-5 

33-40 

2 

tf 

n 

0702 

32-68 

2 

tf 

tt 

074-0 

Digitized  by  CjOOQIC 
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Inteneity 
and 

Fraiinhofer  Lines  (Bowland) 

Reduction  to 
Vacuum 

||§ 

Ware-length 

1 

, 

Bh> 

Character 

X  + 

--     M^S 

\        oS*^ 

4330-27 

2 

1-59 

6-4 

23086-9 

29-82 

3 

«* 

i» 

089-3 

29-60 

2 

t« 

n 

091-0 

26-33 

6 

«t 

H 

107-9 

26-44 

2 

It 

»i 

112-6 

24-72 

2 

t» 

ff 

116-6 

22-60 

2 

t) 

>i 

127-8 

2217 

4 

If 

»» 

130-3 

18-46 

2 

1* 

1500 

1813 

6 

If 

•> 

161-8 

15-60 

2 

tt 

ff 

166-4 

13-74 

2 

i> 

II 

176-3 

13-16 

3 

II 

II 

182-4 

1298 

3 

N 

II 

179-6 

10-68 

4 

r  4310-63 
t     10-64 

>» 

n 

192-3 

08-86 

2 

If 

6-5 

201-8 

0610 

4 

fff 

M 

221-8 

04-20 

3 

If 

It 

226-6 

01-45 

3 

II 

fl 

241-5 

4296'35 

3 

l« 

»» 

269-0 

9407 

6 

II 

fl 

281-4 

93-42 

6 

>t 

II 

2860 

92-84 

6 

II 

tl 

2908 

91-39 

4 

ff 

»t 

296  0 

89-66 

4 

4289-50  Ca 

»t 

>t 

306-9 

88-82 

6 

»» 

II 

8096 

87-26 

4 

ff 

»t 

319-4 

84-77 

Cn 

•1 

ft 

832-3 

82-00 

4 

t> 

3471 

80-17 

2 

If 

»t 

359-0 

7919 

2 

11 

tt 

362.4 

77-68 

4 

77-64  Zr 

fl 

»t 

371-2 

77-38t 

6 

77-38 

»l 

It 

372-3 

77-08 

6 

„ 

tl 

378-9 

76-86 

2 

If 

tl 

380-6 

74-22 

2 

fl 

t« 

389-6 

73-23 

3s 

♦  » 

tt 

3960 

72-24 

3 

II 

tt 

400-4 

69-441 

5 

69-46 

II 

9* 

416-8 

68-26 

4 

»» 

It 

4223 

66-27 

4 

l» 

tf 

433-2 

64-81 

2 

II 

tt 

441-2 

61-63 

3 

tl 

tl 

458-7 

6117 

2 

II 

tt 

461-3 

60-85 

3 

60-89 

1* 

tt 

463-0 

60-52 

3 

II 

tt 

464-8 

68-86 

2 

• 

l« 

It 

472-0 

5377 

2 

»« 

•1 

6JD20 

52-69 

2 

tl 

6-6 

507-9 

5203 

5 

II 

II 

611-6 

51-68 

2 

II 

II 

514-1 

50-87 

3 

1* 

II 

6180 

46-19 

5 

46-26  Fe 

II 

t« 

543-9 

44-96 

do 

It 

tt 

650-8 

1903. 

Digiti2 

edby  VJ 
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BEPORT — 1908. 


MOLTBDEHUH  (Abo  HPECTRVM^^eontinwd. 


Redaction  to 

OsoiUation 
in  Yaoao 

Intensity 

Vacatun 

WaTe-length 

and 

Frannhofer  Lines  (Rowland) 

Character 

A  + 

1_ 
X 

4342-97 

3 

1-59 

6-6 

23561-8 

41-03 

6 

672-6 

40-48 

4 

675-6 

40-26 

4alBoV 

)f 

676-8 

89-37 

4 

•t  % 

581«4 

89-26 

4 

ft 

682-5 

36-23 

3 

604-a 

33-68 

3 

," 

613-6 

82-76 

6 

ft 

** 

618-7 

26-44 

3 

654-0 

2610 

2 

661-5 

24-93 

2 

tt 

ft 

662-4 

2410 

2 

)) 

tf 

666-1 

2316 

3 

tf 

672-4 

22-69 

8 

675-6 

2017 

2 

688-1 

19-66 

4 

r     19-68  Fe 
19-62  Fft 

>* 

ff 

692-6 

19-20 

2 

ft 

694-6 

17-02 

2 

tt 

ff 

706-8 

14-24 

3 

«t 

tt 

722-6 

11-23 

4 

ti 

ft 

739-5 

10-39 

2 

yt 

744-2 

09-84 

2 

tt 

747-3 

08-97 

2 

tt 

763-2 

07-76 

2 

tt 

769-1 

07-42 

2 

It 

tt 

761-0 

0600 

4 

ff 

769-0 

04-80 

3 

ft 

776-7 

02-42 

2 

tt 

ft 

788-2 

01-50 

3 

ft 

794-4 

01-35 

2 

tt 

tf 

796-3 

00-76 

3 

tt 

ft 

798-6 

0002 

2 

tt 

6-7 

802-7 

4199-82 

2 

)• 

803-8 

94-74 

5 

^ 

832-7 

94-20 

2 

n 

ft 

836-8 

88-49 

8 

ft 

868-2 

86-97 

4 

876-9 

86-98t 

6 

4185-94 

tf 

tt 

882-6 

84-69 

2 

890-6 

84-33 

2 

ft 

802-0 

81-24 

4 

ft 

ft 

909-6 

80-69 

3 

•1 

912-8 

8012 

8 

»              »t 

916-0 

78-72 

2 

»« 

ft 

924-1 

78-46 

4 

tf 

9266 

77-45 

4 

tt 

ft 

931-3 

77-09 

3 

tt 

ft 

933-4 

76-32 

2 

tt 

tt 

943-6 

71-66 

2 

ft 

964-6 

71-27 

3 

71-21  Ti 

966-8 

70-55 

2 

971-2 

70-01 

4 

69-93  Fe 

974-1 

68-68 

3 

•> 

>t 

981-7 
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Molybdenum  (Abo  S^Bcmvu^-^cmtinued, 


Rednotion  to 

lis 

Ware-length 

Intensity 
and 

Praunhofer  Lines  (Rowland) 

Vaoaum 

Character 

X+ 

1 

X 
67 

4166*47 

3 

1-59 

23994-4 

65-94 

2 

•1 

II 

997-5 

64-26 

3 

II 

11 

24007-1 

62-8«t 

5 

62-83 

II 

ff 

015-3 

60-44 

2 

II 

II 

029-2 

58-27 

2 

It 

II 

041-7 

67-69 

5 

11 

II 

045-7 

65-77 

5 

If 

If 

056-8 

65-47 

5 

•1 

n 

068-0 

6207t 

4 

6211 

II 

•I 

077-7 

49-90 

2 

II 

♦I 

090-3 

49-14 

5 

II 

6-8 

094-6 

48-88 

2 

II 

>» 

102-8 

43-73 

8 

II 

II 

126-0 

42-28 

2 

..  i  „ 

134-5 

39-72 

2 

II 

If 

149-4 

38-72 

3 

»• 

ff 

156-3 

38-35 

3 

II 

fi 

156-9 

3710 

2 

>i 

II 

164-7 

35-55 

2 

•1 

>i 

173-8 

35-37 

2 

i 
II           )i 

174-8 

3318 

2 

♦1 

If 

187-6 

32-90 

2 

»i 

If 

189-3 

32-41 

4 

II 

192-1 

3207 

4 

II 

194-1 

29-02 

4 

II 

212-0 

28-46 

4 

♦1 

215-3 

24-72 

4 

II 

217-3 

23-83 

4 

ft 

242-5 

22  55 

2 

II 

2500 

20-26 

6 

^1 

263-5 

1918 

2 

II 

269-9 

1912t 

4 

1905  Fe 

>i 

270-2 

15-08 

4 

II 

294-2 

13-77 

2 

»i 

301-8 

1229 

2 

ft 

810-5 

10-88 

2 

»» 

818-9 

10-46 

2 

II 

321-4 

08-30 

3 

08-29 

II 

II 

334-2 

07-63 

6 

•> 

II 

338-1 

05  72 

4 

»      {      II 

849-4 

05-27 

4 

•1            II 

3621 

03-94 

3 

II            II 

360-0 

02-33t 

5 

02-32  V 

II            II 

369-6 

4098-91 

4 

6-9 

389-8 

96  98 

4 

>»           II 

401-3 

94-63 

2 

ft     I      II 

415-3 

9332 

2 

1 
II      '      it 

4231 

89-90 

3 

II           II 

443-6 

8616t 

4 

4086-13 

II      j      If 

466-0 

84-54{ 

6 

84-68 

It                yi 

175-7 

81-94 

4 

„ 

♦1 

^91-3 

81-62 

6 

II 

IV 

493-2 

78-25 

2 

II 

fl 

513-4 

t  Not  coincident  with  Frannhofer  line. 
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REPORT — 1908. 
Molybdenum  (Akc  BvKCTixuu)^eontinued. 


Bednotion  to 

->.   1 

Wave-lengtli 

Intensity 

and 
Character 

Fraunhofer  Lines  (Rowland) 

Vaounm 

Oscillatioi 
Freouenc 
in  Yacao 

A+ 

1 

K 

4076-69 

3 

r     76-80 
1     76-64 

1-59 

6-9 

21622-8 

76-35 

4 

f» 

It 

524-8 

76-72 

4 

fi 

9t 

528-6 

76-43 

4 

It 

>, 

530-4 

70-17 

4 

It 

5620 

70-06 

6 

tt 

562-8 

67-88 

2 

^ 

If 

582-4 

66-52 

4 

66-62  Co 

tt 

l» 

584-2 

62-24 

5 

t» 

II 

6100 

69-79 

4 

tt 

624-9 

67-77 

3aIsoTi 

)t 

II 

637-2 

57-61 

2 

tt 

It 

638-1 

56-18 

4 

r     66-22  Cr 
\     5613  Fe 

*• 

It 

646-8 

61-35 

2 

}t 

7-0 

676-1 

60-27 

2 

»i 

It 

682-6 

49-75 

2 

f» 

It 

685-9 

47-75 

2 

•» 

It 

698-2 

47-56 

2 

t» 

II 

699-2 

47-07 

2 

It 

It 

702-2 

43-91 

3 

It 

II 

721-5 

43-44 

2 

II 

ti 

724-4 

4305 

4 

fi 

It 

726-8 

41-30 

3 

It 

tt 

737-5 

38-26 

4 

•1 

11 

765-6 

37-95 

4 

II 

tt 

768-0 

36  83 

2 

ti 

tt 

764-9 

43-11 

2 

II 

ft 

787-7 

32-65 

8 

32-61  Fe  V 

790-6 

31-60 

2 

II 

ti 

797-0 

31-06 

2 

II 

ft 

800-4 

28-80 

3 

It 

11 

814-3 

27-07 

2 

II 

»i 

824-9 

25-64 

3 

It 

It 

833-8 

21-19 

4 

tt 

861-2 

20-59 

3 

r     20-64  Fe 
{     20-66  So 

It 

II 

866-0 

19-32 

2 

II 

II 

872-8 

17-65 

3 

ti 

It 

883-8 

16-86 

2 

tt 

II 

888-1 

12-97 

2 

II 

It 

912-2 

12-68 

2 

It 

It 

914-0 

12-42 

2 

II 

It 

915-6 

1212 

4n 

i» 

•1 

917-4 

09-53 

4 

It 

•1 

933-6 

08-21 

2 

ti 

yt 

941-8 

07-62 

2 

It 

9t 

945-4 

06-85 

2 

It 

II 

950-2 

06-23 

4 

II 

It 

964-1 

05-86 

2  also  V 

ti 

tl 

956-4 

03-62 

2 

ti 

7-1 

970-2 

00-67 

4 

00-61  Fe 

II 

II 

986-7 

00-55 

4 

ti 

t» 

989-4 

3998-45 

4 

It 

t» 

26002-6 

Digitized  by  CjOOQIC 


OK  WAVE-LENGTH  TABLES  OF  THE  SPECTRA   OF  THE  ELEMENTS.      101 


Molybdenum  (Abo  Spbotbum) — eontinued. 


1 

1 

Bednction  to 

i 

Wave-length 

Intensity 
and 

Fraunhof er  Lines  (Bowlasd) 

Vacanm 

. 

Character 

1 

X  + 

1 

3995  6« 

1 

1-59 

71 

25020-6 

$4-79 

2 

>* 

ft 

0256 

9406 

4 

n 

ff 

080-1 

9B'22 

3 

tf 

tf 

085-3 

92<« 

4 

tf 

tf 

042-9 

91-66 

4 

>♦ 

ft 

046-8 

86-45 

4 

.. 

ff 

077-9 

86-88 

3 

tf 

ff 

081-6 

84-92 

2 

» 

tf 

087-6 

82-22 

4 

H 

10O7 

81-80 

3 

n 

tf 

107-2 

80-87 

3 

•1 

tf 

113-0 

80^37 

4 

1       »» 

tf 

116-2 

79-40 

4 

»» 

tf 

122-3 

78-08 

4 

tf 

tf 

180-6 

74-09 

4 

1       »» 

ff 

165-9 

73-92 

4 

»i 

tf 

1570 

73-10 

2 

t> 

ft 

162-1 

71-54 

3 

M 

tf 

1721 

69-17J 

2 

3969-29  Or,  Co 

*t 

ff 

187-1 

68-91 

4 

»» 

tf 

188-9 

66-40 

3 

•  » 

ft 

204-7 

66-89 

3 

*• 

tf 

208-4 

64-14 

4 

l» 

>f 

219-0 

63-68 

8 

t» 

t» 

222-0 

60-12 

2 

61*57  Al 

ft 

ff 

246-6 

59-83 

2 

»• 

ff 

246-5 

59-03 

2 

»t 

ft 

251-6 

58-76 

4 

l» 

ft 

258-3 

55-66 

4 

tf 

7-2 

2731 

54-08 

4 

tf 

ft 

288-1 

61-70 

2 

ft 

ff 

298-4 

51-49 

2 

ft 

n 

299-7 

51-14 

4 

tf 

tf 

801-9 

50-40 

2 

»f 

ft 

806-7 

47-33 

4 

tf 

ft 

326-4 

4700 

2 

«f 

>f 

328-6 

45-41 

4 

46-47  Co 

ti 

888-7 

43-66 

4 

44-10  Al 

tf 

ff 

3600 

4319 

6 

ft 

tf 

863-0 

40-50 

2 

ft 

tf 

368-2 

39-65 

2 

ft 

ft 

375-8 

39-30 

2 

ft 

ff 

378-0 

38-88 

3 

t1 

ft 

380-7 

36-89 

2 

ff 

tt 

393-6 

36-30 

2 

M 

it 

397-4 

35-33 

3 

ff 

It 

403-6 

3513 

4 

)f 

tt 

404-9 

34-41 

3 

ft 

ft 

409-6 

31-57 

3 

«f 

tt 

427-9 

80-35 

3 

«» 

ft 

435-8 

28-95 

3 

ft 

ff 

444*9 

28-86 

3 

»» 

tt 

445-6 

28-45 

3 

ft 

4481 

26-00 

2 

!i 

ft 

464-0 
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REPORT — 1903. 
Molybdenum  (Abo  Speotbum)— ^^m^nf/^i. 


Redaction  to 

WaTe-length 

Intensity 
and 

Praunhofer  Lines  (Rowland) 

Yaonum 

Character 

k+ 

1 

8924-78 

2 

1-59 

72 

26471-9 

23-91 

4 

It 

t* 

477-6 

22-49 

4 

II 

486-8 

21-09 

2 

If 

496-9 

20-26 

2 

ti 

601-4 

17-95 

4 

11 

516-4 

17-70 

4 

ft 

518-0 

1709 

4 

ft 

521-9 

^        16-62 

2 

ft 

525-0 

16-60 

2 

It 

681-7 

13-62 

3 

** 

546-2 

1210 

3 

t, 

554-2 

11-24 

3q 

560-1 

09-92 

3 

ft 

5688 

08-42 

3 

ft 

7-3 

5786 

07-10 

4 

5871 

03-07 

20n,  r 

tt 

618-6 

01-95 

5 

It 

621-0 

00-87 

2 

628-0 

00-40 

2 

631-1 

8897-68 

2 

" 

649  0 

9705 

3 

663-1 

96-55 

3 

666-4 

93-60 

2 

3893-54  Fe 

II 

676-5 

90-88 

8 

93-45  Co 

It 

693-8 

8906 

4 

It 

706-9 

88-36 

4 

710-5 

88-15 

2 

711-9 

87-87 
86-98 
79*20 
74-34 

2 
5 
2 
3 

86-94 
74-32  Ti 

i» 

i> 
•» 
>i 

718-7 
719-6 
771-2 
803-5 

78-30 

3 

73  25  Co 

810-4 

70-77 

3 

M 

827-3 

70-62 

3 

^ 

828-3 

69  26 

66-87 

5 

2 

•1 

»« 

837-6 
863-4 

64-25 

20n,  r 

64-25  Mo.  C 

It 

11 

870-9 

66-16 

3 

926-2 

65-09 

2 

,.      1      -. 

982-4 

62-17 
61-57 
49-95 
48*45 

4 
2 
2 
4 

48-48  Ti 

::  1  :: 

tt    1    i» 

962-0 
966-2 
967-1 
977-2 

47-41 

4 

1 

984-2 

46-36 

3 

991-3 

4612 

4 

" 

992*9 

4409 

3 

26006-6 

40-72 

2 

" 

029-6 

39-66 
35-49 

2 
4q 

tf 

0368 
066-0 

35-16 
34-82 

3 
3 

It 

II 

067-8 
069-6 

83-92 
82-26 

6 
4 

II 

>• 

075-7  1 
087-0  ' 
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MOLTBDBNUM  (ABO  SPBOTBUM)— tf<m^irtf<{. 


3881-96 

2 

31-26 

3 

30-98 

4 

31-001    y 

30-90;  *^ 

30-28 

4 

30-08 

2 

29-96 

3 

29-04 

6 

27-33 

4 

26-86 

5 

25-63 

2 

^•60 

3 

24-94 

3 

24-34 

3 

2317 

4 

22-14 

2 

21-82 

2 

21-09 

3 

19-98 

6 

18-83 

4 

17-37 

2 

16-24 

3 

14-64 

2 

12-63 

4a 

11-66 

38 

10-99 

2 

10-31 

2 

08-79 

3 

08-04 

2 

07-82 

2 

06-15 

4 

04-70 

4 

02-36 

2 

02-00 

5 

01-98 

00-28 

2 

3798-39 

20nr 

8798-40  Mo 

97-46 

4 

97-20 

3 

96-45 

2 

96-19 

3 

96-48 

2 

94-60 

4 

88-42 

4 

86-64 

2 

86-67 

3 

8519 

4 

82-86 

2 

82-36 

3 

81-75 

6 

80-78 

2 

79-92 

4 

77-90 

3 

76-73 

2 

76-27 

3 

72-99 

4 

72-11 

4 

Bedaotionto 

g^ 

Vftomun 

i 

X  + 

1_ 

1-59 

7-3 

26089-1 

fi 

f» 

093-8 

»t 

ff 

096-7 

>t 

t» 

100-9 

tf 

ft 

101-8 

•t 

*t 

102-7 

»t 

ff 

108-9 

•t 

w 

120-6 

tf 

If 

123-9 

It 

tt 

132*8 

If 

ft 

1331 

tt 

ff 

136-9 

)t 

ff 

142-0 

It 

tt 

149-0 

ft 

tf 

164-9 

ft 

tt 

158-2 

•t 

tt 

163-2 

ft 

tt 

171-8 

tf 

7-4 

178-7 

tt 

ft 

188-6 

ft 

ft 

203-3 

ft 

11 

207-4 

tf 

tf 

221-2 

ft 

ft 

228-6 

ft 

ft 

232-5 

t» 

tf 

237-2 

tt 

ft 

248-3 

ft 

tt 

252-8 

ft 

tf 

254-8 

tt 

ff 

265-9 

ft 

tf 

2759 

ft 

ff 

292-1 

tt 

If 

294-6 

tt 

tt 

306-4 

tt 

tt 

319-6 

«t 

ft 

326-0 

ft 

tf 

327-9 

tt 

tf 

382-9 

ft 

ft 

334-8 

tt 

ft 

339-7 

t> 

ft 

345*8 

tt 

t> 

388-8 

tt 

tt 

401-9 

tt 

ft 

408-0 

tt 

411-4 

ft 

tf 

427-6 

ti 

ft 

431-2 
436-4 

tt 

If 

442-3 

tt 

It 

448-2 

tt 

It 

462-3 

tt 

tt 

469-8 

tt 

tt 

473-8 

ft 

7-5 

496-7 

ft 

n 

602-8 
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REPORT — 1908. 
Molybdenum  (Arc  SPECTRuuy—omtinued, 


Wave-length 


3770d6 
68.92 
68-78 
67-90 
68-58 
65-92 
65-40 
65-21 
64-60 
64-20 

63-52 

62  27 

61-93 

61-07 

59-80 

68-70 

56-02 

55-68 

55-31 

62-12 

51-38 

48-66 

47-37 

4512 

44-55 

43-98 

42-48 

40-97 

38*10 

3636 

35-80 

84-56 

33-59 

33-22 

82-91 

30-75 

28-70 

28-50 

27-86 

26-45 

25-75 

24-00 

23-70 

22-50 

20-42 

19-87 

19-71 

18-66 

17-05 

16-27 

15*83 

14-73 

1364 

12-22 


Intensity 

and 
Character 


5 

3 

2 

2 

2 

3 

4 

2 

3 
2 
•  4 
alsoMn 
3 
4 
4 
3 
4 
3 


4 

4 

4 

3 

4 

2 

5 

2 

4 

2 

3 

3 

2 

4 

6 

2 

4 

3 

6 

4 

4 

2 

3 

2 

4 

2 

2 

2 

2 

4 

2 

3 

4 

3 


Fraonhofer  Lines  (Rowland) 


Redaction  to 
Vacuom 


X+ 


1-69 


7-5 


3727-78  Fe 


7-6 


26513-0 
525-S 
526*3 
532-5 
641-8 
546-5 
650-2 
661-5 
665-7 
558-5 

563-3 

5721 

574-6 

6S0-7 

689-6 

597-4 

616-4 

619-0 

621-5 

6441 

649-5 

668-7 

677-9 

693-9 

698-0 

702-0 

712-6 

723-5 

7440 

7666 

760-6 

769-4 

776-4 

779-0 

781-3 

796-8 

811-5 

813-0 

817-4 

827-6 

832-6 

845-2 

847-6 

866-0 

871-1 

8761 

876-2 

888-8 

895-5 

901-1 

904-3 

912-3 

920-2 

930^4 
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HOLTBDBMUH  (Abo  STmcrrRVM)^c(mtinM0d, 


Intensity 

Wsve-length 

and 
Character 

Frannhol 

3711-68 

3 

10-32 

3 

08-73t 

4 

3708-79 

07-35 

8 

06-57 

2 

02-67 

4 

3702-63 

02-33 

2 

01-67 

2 

00-15 

8 

3698-69 

3 

96-18 

3 

3696-17  Fe 

95-09 

7 

9352 

4 

9S-79 

4 

3692-79  Fe 

92-24 

3 

90-72 

5 

90-30 

2 

89-13 

4 

88-45 

4 

88-12 

2 

8712 

2 

86-72 

4 

86-27 

4 

84-48 

3 

82-12 

2 

81-88 

4 

81-69 

3 

80-851 
80-75/ 

7 

3680-80 

80-36 

2 

79-39 

3 

77-83 

4 

/  8677-83 
77-76  Fe 

76-40 

4 

76-15 

3 

367611  Fe 

75-54 

4 

78-38 

3 

72-97 

6 

69-50J 

5 

8669*54 

68-63 

3 

66-87 

4 

3666-91  Fe 

64-98J 

6 

3664-97 

64-45 

4 

63-83 

2 

63-14 

4 

6191 

4 

61-24 

3 

61-08 

4 

5951 

7 

58-50 

2 

57-53 

5 

3657-56  Fe 

55-21 

3 

f  3654-81  Fe 

64-73 

4n 

•      54-74  Ti 
54-6    Cu 

Beduoiion  to 
Vaoaum 


A  + 


1-59 


I 

.. 

»> 

»> 

»t 

»» 

»» 

t> 

If 

9f 

t» 

»f 

»» 

»» 

>» 

»t 

>» 

It 

>f 

" 

182-2 

192-8 
194-6 
199*2 
216-1 
215-2 
244-0 
260-4 
264-5 
277-7 
281-5 
286*1 
291-3 
800-4 
305-6 
806-7 
818-4 
326-9 
3331 
350-5 

354-2 
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REPORT — 1908. 


MOLYBDBNTJM  (ABO  QFECTRXJUy^ontinUed, 


Reduction  to 

u 

Intensity 

and 
Character 

Fraonhofer  Lines  (Rowland) 

Yacuam 

WftTe-length 

X+ 

1 

3653-76 

2 

1-59 

7-7 

27361-4 

51-48 

4 

tt 

9f 

378-4 

60-75 

2 

•• 

ft 

383-9 

49-61 

3 

•« 

tt 

392-5 

48-76 

4 

3649-66  Fe 

ft 

ft 

398-9 

47-03 

2 

>t 

tt 

411-9 

42-37 

4 

H 

»t 

446-9 

41-16 

4 

f* 

H 

466-0 

41-08 

4 

»» 

ft 

466-7 

40-76 

4 

It 

ft 

469-1 

88-72 

3 

tf 

7-8 

474-4 

88-67 

3al*»oV 

»f 

ff 

476-5 

88-35 

6 

»» 

ft 

477-2 

37-68 

4 

3637-69 

9t 

ff 

482*2 

85-77 

3 

tt 

ft 

496-7 

36-57t 

6 

3635-61  Ti,  Fe 

f> 

ft 

498-2 

86-30 

4 

3635-34  Ti,  Fe 

„ 

tt 

500-2 

29-46 

6 

•• 

tf 

544-6 

28-80 

3 

t* 

ft 

549-6 

28  60 

2 

ft 

ft 

661-7 

26-831 

6alsoFe 

3626-83 

tt 

568-3 

24-77 

3 

tl 

ft 

680-2 

24-60 

6 

ft 

If 

681-4 

23-36 

4 

3623-86  Fe 

ft 

ft 

589-4 

17-01 

4 

ff 

tt 

639-3 

15-91 

3 

t» 

ff 

647-7 

15-32t 

3 

3616-34 

tt 

ft 

652-2 

14-87 

2 

tt 

ft 

666-7 

14-42 

6 

tt 

tf 

659-2 

13-94 

8 

ft 

tt 

662-8 

18-80 

3 

tf 

If 

668-9 

13-65 

4 

tt 

ft 

665-8 

12-62 

4 

tt 

tt 

672-9 

12-16 

4 

yf 

tt 

676-6 

10-80 

2 

ft 

ft 

686-9 

08-62 

4 

•t 

ft 

704-4 

07-66 

2 

«t 

It 

711-8 

06-19 

2 

ft 

tt 

729-0 

04-73 

3 

tf 

733-6 

04-24 

4 

If 

ft 

787-8 

03-86 

3 

r  3608-92  Ti 
1     03-83  Cr 

tt 

ft 

740-2 

0310 

5 

fl 

ft 

746-1 

00-04 

3 

tt 

tt 

769-7 

3699-06 

4 

tl 

ft 

777-3 

96-54 

2 

796-7 

96-87 

4 

tt 

ft 

801-9 

96-71 

4 

ft 

ft 

803-1 

94-73 

2 

ft 

7-9 

810-6 

91-56 

3 

ft 

tt 

835-2 

90-90 

4 

ff 

tt 

840-8 

90-47 

2 

ff 

ft 

843-6 

89-10 

.    4 

3589-06 

tf 

ft 

854-2 

87-02 

4 

870-4 

86-74 

2 

ft 

ft 

880-4 
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Wftye-kngth 


3584-42 
83-30 
82-03 
81-16 
80-70 
76-35 
75-88 
75-78 
74-63 
74-05 
71-42 
70-82 
70-63 
66-91 
66-67 
66-20 
64*45 
63-91 
63-30t 
62-26 
60-28f 
59-42 
58-25 
57-63 
55-58 
54-35 
52-57 
5112 
4S-88 
48-05 
47-57 
43-27 
4292 
42-32 
29-62 
39-07 
87-41 
34-83 
31-44 
26-OB 
25-11 
24-76 
22-52 
21-66 
21-82 
2117 
18-35 
17-70 
14-93 
13-86 
10-93 
08-26 
07-45 
07-16 
05-45 


Intensity 

tJid 
ChAractar 


3 

8 

7 

2 

4 
o 

i 

3 
3 
5 
3 
5 
3 
2 
2 
4 
3 
4 
5 
4 
4 


3 

6 

Sn 

2 

2 

4 

4 

3 

5 

3 

3 

4 

4 

2 

3 

3 

5 

2 

2 

4 


3573  97  Fa 


3663-30 
3560-28 
3568-21 


Bedaotion  to 

9  ^ 

Yaoaam 

III 

X+ 

1 

a"" 

w^ 

1-69 

7-9 

27890-6 

•« 

tl 

899-3 

M 

19 

909^ 

W 

It 

9161 

tl 

It 

919-6 

f» 

tt 

953-5 

•I 

II 

967-2 

N 

tl 

958-0 

»t 

•1 

967-0 

t« 

II 

971-5 

»t 

II 

992-1 

It 

It 

996-9 

tf 

It 

998-8 

t» 

tl 

28027-6 

n 

It 

030-2 

»> 

tl 

033-1 

>f 

99 

046-9 

t» 

99 

051-2 

»9 

tt 

055-9 

It 

II 

0641 

t* 

tt 

079-7 

»» 

tt 

086-5 

>» 

91 

095-7 

f» 

It 

100-7 

»> 

80 

116-7 

»• 

It 

127-1 

>» 

It 

140-6 

»t 

II 

152*1 

t» 

It 

169-4 

«> 

II 

176-6 

»t 

It 

180*3 

t» 

19 

214*6 

»l 

91 

217-3 

t» 

tt 

2220 

»» 

II 

243*6 

>f 

It 

248-0 

f» 

It 

261-2 

» 

tl 

281-9 

Iff 

II 

309-0 

»f 

tt 

3621 

W 

II 

869-9 

tl 

It 

362-7 

»f 

19 

380-8 

19 

388-6 

19 

390-4 

It 

391-6 

It 

414-4 

II 

419-6 

II 

442*1 

It 

91 

460-7 

It 

tt 

474*5 

8-1 

496*2 

It 

602*6 

It 
tl 

It 
It 

605-0 
518-9 
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KEPORT— 1908. 
Molybdenum  (Abo  SPBCTExnO—conHniusd, 


Bedaction  to 

g  >. 

Wave-lengUi 

Intensity 

and 
Character 

Yacuom 

IB 

X+ 

1 

8504-55 

5 

r  3504 -57  V 
1     04-56  Fe 

1-59 

81 

28526-2 

8498-21 

2 

»t 

f» 

578-0 

93-49 

4 

t» 

>t 

616-5 

92-98 

2 

** 

»f 

620-8 

9205 

2 

1 
1     f» 

»> 

628-4 

91-92 

2 

i> 

» 

629-4 

90-42 

2 

>f 

»» 

641-7 

84-06 

4 

ti 

>t 

6941 

82-55 

4 

f« 

*ff 

706-5 

81-95 

3 

tt 

»f 

711-4 

80-26 

3 

»» 

•> 

725-4 

79-60 

4 

»> 

»t 

730-8 

76-15 

4 

347607  Ca 

»• 

f» 

769-3 

75-19 

4 

•t 

» 

767-2 

71-09 

3 

»> 

»t 

801-2 

69-80 

2 

f> 

8-2 

811-9 

69-39 

4 

»» 

»• 

816-2 

68-70 

2 

H 

«» 

821-0 

6802 

4 

t> 

»• 

826-7 

6713 

3 

>f 

t> 

8341 

66-98 

4 

»f 

»» 

835-3 

65-81 

3 

t* 

t* 

846-1 

83-78 

3 

f» 

f» 

862^  i 

X  Certainly  coincident  with  Frannhof  er  lined, 
t  Not  coincident  with  Frannhofer  lines.. 

Calcium  (Spabk  Spbotbum). 

Eder  and  Yalenta,  *  Denkschr.  k.  Akad.  Wissensoh.  Wien/  Izviii.  1898. 
Ezner  and  Haschek,  *  Sitzber  R.  Akad.  Wissensch.  Wien/  cvL  1897. 
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Wave-length 

Redaction  to 

Intensity 

and 
Character 

Vacumn 

OsciUation 
Frequency 

Eder  and 
Valenta 

Exner  and 
Haschek 

X  + 

1 
A" 

6499-9  V 

8 

1-91 

4-5 

15380-6 

93-9 

1 

10 

» 

ft 

394-4 

71-9 

8 

1-90 

»» 

447-0 

62-8 

10 

If 

tt 

468-8 

49-99 

8 

»• 

»» 

499-6 

39-4 

s 

10 

189 

tt 

6250 

6169-9    Vo 

5 

1-82 

4-8 

16203O 

69-4 

a 

5 

»» 

tt 

204-3 

66-8 

1 

5 

1-81 

ft 

211-2 

62-5 

10 

»i 

It 

222-6 

22-5 

s 

10 

1-80 

tt 

328-5 

02-99 

CO 

8 

ft 

tt 

380-6 

5857-7  ^ 

88 

«» 

5-0 

17066-3 

5603009 

5s 

1-53 

4-9 

842-7 

01-476 

6s 

tf 

ft 

847-6 
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Calcium  (Spabc  8FBCTUVu)--continued. 


Wave-lengUi 

Redaction  to 

Intensity 

Vaonam 

Oscillation 
FrMnenoy 
in  Vacno 

Eder  and 

Exner  and 

and 

Valenta 

Haschek 

Character 

A  + 

1_ 

4-9 

6698-681 

58 

1-63 

17856-5 

94-632 

68 

t» 

*t 

869-4 

90-324 

43 

1-52 

M 

883-1 

88-948 

6q 

f* 

„ 

887-6 

82-167 

4s 

»» 

»« 

909-3 

13-120 

2b' 

1-50 

»» 

181337 

6349-619 

68 

1-46 

6-1 

687-8 

5270-463 

58 

1-44 

5-2 

968-5 

66-720 

68 

»» 

If 

986-6 

64-402 

38 

»» 

t» 

990-3 

62-365 

3s 

f» 

i» 

997-7 

61-863 

38 

tf 

»t 

999-5 

5188-977 

28 

1-42 

6-3 

19266-3 

5041-920 

In 

1-38 

5-4 

828-3 

4878-360 

48 

1-33 

6-6 

204931 

4847-2 

In 

»f 

67 

624-8 

4686-086 

6b' 

1-26 

60 

21799-1 

81*618 

58 

»« 

f» 

820-3 

78-780 

48 

1-25 

«« 

833-9 

27-183 

4b' 

1-24 

6-1 

22082-7 

4481-34 

4481-7 

2nMg? 

1-23 

6-2 

808-6 

67-929 

In 

1-22 

i» 

375-5 

66-626 

In 

f» 

II 

3821 

56-786 

3s 

1* 

It 

431-6 

66057 

5606 

78 

•> 

»» 

435-2 

54-919 

54-93 

7n 

f» 

II 

440-9 

44-087 

1 

tt 

1* 

496-6 

42-963 

1 

f» 

II 

501-3 

85-838 

35-84 

68 

ft 

II 

637-4 

36124 

36-12 

6n 

»♦ 

II 

5411 

25-616 

26-62 

8b 

1-21 

6-3 

689-4 

4365-467 

3b' 

1-19 

6-4 

953-3 

33-932 

1 

«» 

II 

23067-3 

30-313 

2 

>• 

II 

086-6 

18-798 

4318-79 

8 

118 

II 

148-2 

14148 

2 

«f 

1731 

10-586 

1 

»» 

•1 

192-3 

07-864 

07-92 

5 

»t 

6-5 

213-4 

02-676 

02-70 

9 

t> 

II 

234-8 

4^99133 

429914 

8 

f» 

II 

2540 

89-534 

89-55 

8 

»» 

i» 

3061 

83125 

88-18 

8 

»t 

II 

340-9 

78018 

2 

117 

II 

368-8 

77-403 

1 

»» 

II 

372-2 

71-760 

lb 

403-1 

40  515 

40-56 

2n 

1-16 

6-6 

675-4 

38-587 

In 

f» 

II 

586-2 

26-870 

26-88 

8r 

»• 

661-6 

4130-98 

' 

In 

1-13 

6-8 

24200-5 

27-96 

In 

i» 

II 

218-2 

23-39 

In 

>t 

2451 

4098-876 

2b' 

»♦ 

ti 

390-0 

95  243 

2b' 

»> 

6-9 

411-7 

57-980 

33 

1-12 

,, 

635-9 

3979-208 

r*  ghost'? 

1-10 

7-1 

251235 
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Calcium  (Spabk  SPECTRTnt^—eoniinued 

Waye-length 

Bednotion  to 

Intensity 
and 

Yacunm 

Ofomation 
Freqnency 
in  Vacuo 

Eder  and 

Ezner  and 

Valenta 

Haschek 

Character 

X+ 

1 

3973-908 

3973-87 

28 

1-09 

7-1 

25157-0 

68-638 

68-62 

lOr 

»» 

,t 

190-6 

57-960 

r  •ghost '7 

tt 

268-4 

57-282 

67-23 

48 

tf 

^^ 

263-1 

49-101 

49-03 

38 

t* 

7-2 

315-0 

83-803 

33-81 

lOr 

1-08 

413-5 

23-845 

lOr*  ghost*? 

n 

tt 

481-2 

15-388 

1 

$t 

ft 

533-1 

09-980 

1 

yi 

568-4 

05-691 

48 

ft 

7-3 

596-4 

3856153 

2b 

1-06 

*     >f 

926-3 

26-506 

48 

It 

t« 

26126-2 

3759-419 

38 

104 

7-5 

592-4 

47-151 

4b 

tt 

tt 

679-4 

37090 

3737-26 

10b' 

103 

751-3 

16193 

2b^ 

ft 

tt 

901-7 

06-190 

06-25 

10b' 

ft 

7-6 

974-8 

3696-429 

2b' 

1-02 

27045-5 

85-317 

3s 

tt 

t« 

1271 

53-606 

2 

1-01 

7-7 

3625 

44-466 

3644-53 

8 

tt 

431-1 

30-812 

30-8 

6b' 

tt 

7-8 

534-3 

24-162 

241 

5b' 

tt 

tt 

584-8 

01-067 

2b 

100 

754-9 

3594-269 

Is 

yt 

7-9 

814-S 

87156 

4b 

tt 

869-3 

35-60 

28 

0-98 

8-0 

28275-7 

10-97 

48 

ft 

^^ 

474-2 

05-00 

5s 

8-1 

514-4 

3487-87 

2b' 

0*97 

662-7 

74-96 

2b' 

»» 

769-2 

56-58 

28 

0-96 

8-2 

9221 

44  53 

3s 

tt 

^ 

290233 

3387-99 

3s 

0-95 

8-4 

507-6 

72-930 

68 

0-94 

639-4 

61-374 

68 

741-4 

49*568 

6a 

8-5 

846-1 

49-199 

48 

•I 

849-4 

35-30 

28 

0  93 

tt 

973-8 

32-26 

2n 

t> 

ft 

30001-2 

29-60 

ds 

tt 

026-1 

2309 

68 

8-6 

083-9 

8278-74 

28 

0-92 

8-7 

490-8 

61-70 

4s 

i» 

660-2 

48-71 

3s 

0-91      88 

772-7 

4211 

3s 

tt           tt 

836-3 

39-16 

3s 

>>           tt 

863-5 

36  70 

5s 

886-9 

34-68 

6s 

tt           t* 

906-2 

24-42 

Is 

ft      [      t> 

81004-5 

2300 

28 

M           1            It 

OJ8-2 

18-45 

1  . 

0-90  '     „ 

062-1 

17-05 

1 

076*6 

3181-409 

3181  51 

8b'r 

0*89      8-9 

422-9 

79-447 

79-60 

lOb'r 

II 

9-0     I 

44S-0 
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Calcium  (Spark  STECTB,vu)—coiUiHv^d. 


Wave-length 

Reduction  to 

Intensity 

and 
Character 

Vaonnm 

Oscillation 
Frequency 
in  Vacuo 

Exner  and 
Haschek 

Ederand 
Valenta 

1 

3170-2 

In 

0-89      90 

31534-8 

59013 

59-11 

lObT 

ft           »« 

646-5 

03-92 

28 

0-88      9-2 

322081 

3092-84 

88 

0-87 

823-6 

8811 

48 

^ 

ft 

3731 

82-21 

88 

ff 

9-3 

435-0 

78-67 

88 

tf 

tt 

472-3 

76-39 

2s 

tt 

606-9 

73-06 

]8 

f9 

tt 

531-6 

66-40 

3n 

tt 

6022 

09-32 

3009-29 

3s 

0-85 

95 

33220-6 

06-98 

06-95 

48 

ft 

ft 

246-5 

2999-74 

2 

yt 

ft 

326-7 

97-2 

1 

ft 

9-6 

354-9 

95-08 

2996  04 

3s 

»t 

tt 

378-5 

36-83 

4n 

0-83 

9-8 

34040-5 

28-92 

4n 

tt 

t» 

132-5 

2816-44 

2q 

0-80 

10-3 

35496-6 

2660-53 

4 

0-77 

10-9 

376766 

2575-22 

3 

0-75 

11-3 

38820-3 

68-09 

3 

t« 

11-4 

928-0 

2398-73 

2n 

0-71 

12-3 

41676-4 

73-24 

2 

0-70 

12-5 

421240 

13-02 

1 

0  69 

130 

432206 

09-20 

1 

It 

ft 

292-0 

2290-09 

1 

13-1 

663-3 

76-44 

2 

0-'68 

13-3 

934-2 

59-5 

in 

tt 

13-4 

44244-2 

08-95 

2 

0-67 

188 

46266-6 

005 

i° 

t» 

13-9 

430-3 

2198-03 

2 

tt 

t* 

481-6 

33-0 

i 

0-66 

141 

46868-2 

31-2 

1 

0-65 

14-5 

907-4 

230 

tt 

14-6 

47088-6 

1301 

1 

tt 

14-7 

311-2 

03-47 

1 

t» 

14-8 

626-7 

2099-87 

1 

t» 

tt 

607-2 

86-64 

1 

tt 

14-9 

9090 

81-53 

1 

tt 

160 

48026-6 
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REPORT — 1903. 


Scandium  (Ultra-violet  Spark  Spectrum). 
Exner  and  Haschek,  *  Sitzber.  kais.  Akad.  Wissensch.  Wien/  cix.  1900. 


1 

Bednction  to 

Wave-length 

Intensity 
and 

Vaonum 

OflcQlaftion  Frequency 

in  Vacuo 

Chaiaoter 

X  + 

1_ 

4744-02 

2 

1-30 

5-8 

21073-4 

41-25 

2 

tf 

ff 

085-7 

37.86 

1 

»» 

ff 

100-8 

34-30 

1 

»» 

ff 

116-6 

29-40 

1 

1-29 

ft 

138-6 

4698-50 

1 

»» 

5-9 

277-6 

70-64 

7 

1-28 

ff 

404-4 

457417 

la 

1-25 

60 

855-7 

4431-57 

3 

1-22 

If 

22659-1 

20-87 

2 

1-21 

ft 

613-9 

4315-85 

15 

•1 

62 

646*6 

00-64* 

20 

»» 

6-3 

716-6 

85-01 

4 

1-20 

1* 

797-7 

74-70* 

20 

t« 

ft 

862-4 

59-22 

1 

»» 

6-4 

933-6 

64-80 

3 

1-19 

ft 

966-8 

25-24  * 

20 

»i 

ft 

23113-6 

21-01  * 

20 

ft 

ff 

136-3 

14-32 

30 

1-18 

ft 

172-2 

05-94 

6 

»• 

65 

220-1 

4294-98 

6 

ft 

ft 

276-5 

8005 

I 

117 

ft 

367-7             1 

4702  ♦ 

100 

f« 

6-6 

639-3 

38-22 

I 

1-16 

ff 

688-2 

32-12 

1  Nb7 

.. 

ft 

622-2 

29-98 

1 

ft 

ft 

634-2 

4082-60* 

3 

113 

6-9 

24487-3 

68-8 

2b 

*f 

ft 

670-4 

61-4 

2b 

«» 

ff 

6161 

54-70* 

3 

111 

„ 

€56-8 

47-96 

2 

»» 

7-0 

696-8 

23-86  * 

8 

ft                  1                  ff 

844-7 

20-56* 

8 

tf 

f. 

862-7 

1468 

8 

110 

tt 

901-8 

3996-76  * 

2 

>t 

71 

26013-2 

89-21 

1 

»» 

ft 

060-5 

88-13 

1  Yb? 

ft 

ft 

067-3 

44-9 

In 

109 

7-3 

346-8 

23-60 

1 

1-08 

ft 

478-6 

1205  * 

6 

>t 

ft 

653-2 

07  69 

6 

„ 

73 

683-3 

3678-65 

3nr 

102      1       7-7 

27176-2 

76-82 

1 

ft                  ft 

189-7 

75-42 

1 

1 

200-0 

66-69 

3 

ft         '         ff 

2640 

64-37 

1 

ft                  ft 

2821 

61-96  » 

20 

101 

375-0 

45-46  * 

15 

ft                   ft 

423-7 

42-93  * 

60 

ft                   t« 

442-7 

30-80 

100 

7-8 

533-0 

28-36 

In 

.. 

•, 

662-9             < 
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Scandium  (Ultra-violet  Spark  SFECTRVu^—eanHnued. 


1 

__„ 

Reduction  to 

1 

Ware-Iength 

Intensity 
and 

VacQum 

Oscillation  Frequency 
in  Vacno 

Character 

1 
"*                  A- 

t 

3624-77 

In 

1-00 

7-8 

27679-2 

19-97 

1  Yb? 

»» 

»f 

618-8 

13-96* 

100 

»» 

It 

665-4 

031 

lb 

t» 

tt 

7460 

3590-67 

10 

•> 

7-9 

8420 

89-82 

10 

f 

848-6 

8116 

20 

»»                         »» 

9151 

76  62* 

30 

0-99       ! 

953-1 

72-71  * 

50 

II                   »» 

982-1 

67-86 

20 

1 
»                   i» 

28020-1 

68-72 

20 

,.         1         „ 

0921 

35-88 

15 

0-98       1       80 

274-2 

3457-62 

0-96       !        8-2 

896-7 

35-67 

»»                        n 

29089-7 

29-69 

♦» 

8-3 

149  7 

3394-55              1 

In 

0-95 

8-4 

449-6 

85-6                1 

lb 

»»          '         t» 

528-5 

83-81 

n                         » 

6441 

79-6 

3iir 

t« 

» 

581-8 

78-5               1 

Inr 

.. 

f» 

590-5 

72-80             1 

10 

0-94 

644-9 

6910             ' 

10 

f> 

>» 

6751 

62-09 

8 

t» 

i» 

7350 

61-46 

8 

»♦                   »» 

740-7 

59-83 

8 

»>                   i> 

759-8 

53-88* 

20 

8-5 

807-7 

5219 

2 

»»                                   »» 

822-7 

43-5 

3b 

t» 

»» 

900-3 

31-4 

2b 

0-93 

30008-8 

17-9 

lb 

f> 

8-6 

148-2              1 

17-26 

In 

91 

»♦ 

145-9 

13-0 

3b 

t» 

%i 

184-6 

120 

2b 

»l 

»♦ 

193-7 

3289-50 

1  Yb? 

0-92 

8-7 

3956 

73-76 

2 

f> 

»» 

5362 

70-06 

2 

ft 

t» 

571-8 

55-79 

1 

>» 

»» 

705-8 

51-44 

1 

0-91 

8-8 

746-8               1 

3199-6 

lb 

f» 

89 

312450 

91-2 

lb 

»t 

,^ 

327-2 

39-98 

2n 

t» 

91 

838-2 

33-82 

2n 

0-88 

)> 

899-7 

30-49 

iNb? 

M 

tt 

934-6 

28-48 

In 

! 

9561 

26-2 

lb 

»>         1         »t 

978-6 

08-70 

m 

!        9-2 

32158-3 

3082-80 

1 

0-87      '       9-3 

428-7 

65-32 

5n 

., 

613-6 

60-7 

In 

0-86 

663-J 

5312 

4n 

)f 

9-4 

744-J 

45-88 

3n 

„ 

821-8 

4016 

2n 

»»         t         »« 

883-7 

21-14 

1 

0-85 

9-5 

090-6 

20-70 

1 

tt 

11 

095-4 

19-42 

1 

ft 

i> 

33109-5 

1903. 
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SCAliTDIUM  (Ultba-violkt  Spabk  SFECTRVM^—OOnHnwd. 


Reduction  to 

Wave-length 

Intonaity 
and 

Vacuum 

Oscillation  Frequency 
in  Yacao 

Character 

■ 

-   :    I- 

3015-46 

1 

0-85              9-5 

331630 

2989-20 

3n 

9-6 

444-2 

80-91 

1 

0-84 

648-4 

800 

lb 

647-6 

7417 

I  Nb? 

613-2 

131 

Id 

0-83              9-9 

34308-2 

28711 

lb 

0-82            10-1 

809-9 

66-2 

lb 

^ 

860-0 

59-5 

lb 

0-81         !! 

9611 

68-40 

1 

974-2 

26-88 

3q 

!!        10-2 

35364-5 

22-4 

3b 

0-80            10-3 

420*5 

19-75 

2n 

453*8 

01-6 

lb 

683*6 

2790-94 

In 

\l         '      10-4 

1                 819-8 

89-4 

2b 

,                 839-5 

826 

lb 

0-79      !         !! 

9271 

3412 

7 

0-78            10-6 

36543-7 

269914 

10 

1      10-8 

37027-4 

84-3 

lb 

0-77 

242-7 

7615 

la 

'      10-9 

346-4 

67-7 

lb 

ft                  t* 

4745 

11-4 

2b 

0-76            111 

38282-5 

2563-80 

4 

0-74            11-4 

991-2 

62-66 

3 

1 

,             39010-7 

60-39 

6 

*t                   ff 

029-8 

65-91 

4 

112-4 

52-49 

8 

•*                   ft 

1660 

45-31 

4 

11-5 

266-9 

2400-44 

1 

0-71            12-3 

41646-7 

2363-95 

lb 

0-70            12-6 

42289*5 

2299-25 

In 

0-69      ,      131 

43466-6 

88-20 

In 

1 
»«         1        >• 

675-6 

73-21 

3 

0-68 

13-3 

963-6 

61-94 

In 

f, 

134 

44891-7 

32-98 

In 

t» 

13-6 

769-6 

♦  Rowland  4400-566,  4374628,  4326152, 4320-907,  4246-696 (Y?), 4082-589  8c,  Fe, 
Ti ;  4064-714, 4023*834,  4020547, 3996682, 3911-963, 3651-940,  3645-475  Sc  7,  3642-912. 
3613-947,  8576-527,  3572712,  3563-875,  also  5672047  occur  in  Rowland's  list  of  solar 
lines. 
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Indium  (Ultra-violet  Spark  Spectrum). 
fixner  and  Haschek,  *  Sitzber.  kais.  Akad.  WisKensch.  Wien,'  c?iii.  (2),  1899. 


Wftve-length 


PreTioas  Observations  (Arc) 


4r>Il-55 

60r 

4611-44  K  and  R 

437513 

2 

0972 

1 

4177-69 

2 

02-01 

50r 

4101-87        „ 

3836-2 

3b 

3774-49 

1 

10-45 

2 

3633-27 

1 

11-20 

1 

10-60 

1 

3519-33 

iTir 

3262-48 

ISn 

r>8  64 

3 

3268-66 

66-22 

8r 

31H7-15 

In 

75- ir 

I8n 

303945 

4nr 

3039-46 

34-23 

InSn 

08  30 

10 

2983-51 

8n 

41-39 

10 

32-73 

1 

2932-71 

2890-35 

4 

4011 

ISn 

275403 

In 

2753-97 

14-1 

In 

1405        .. 

1039 

2b 

10-38        „ 

2668-7 

IbSn 

02-0 

lb 

2601-84 

256005 

lb 

2660-26 

2429-52 

InSn 

2429-76 

2350-84 

1 

06-18 

6 

2265-08 

2 

Beductioa  to 

fl  ►» 

Vacaam 

Q  g  § 

_ 

3  S  S 

A  1- 

A 
61" 

m 

1-24 

22159-2 

1-20 

6-3 

8601 

118 

6-4 

23197-0 

116 

6-7 

980-0 

1-13 

6-8 

24371-6 

1-06 

7-3 

26067-0 

104 

7-4 

486-2 

103 

7-6 

943-3 

1-01 

7-8 

27616-6 

1-00 

tt 

683-8 

*• 

tt 

688-4 

0-98 

80 

28406-6 

0-92 

8-7 

30642-8 

0-91 

»» 

6790 

jj 

tt 

701-8 

0-90 

89 

313670 

»* 

90 

486-5 

0  86 

9-4 

32891-3 

ft 

tt 

947-9 

ft 

9-5 

33231-9 

0-85 

9-6 

508-1 

0-84 

9-8 

987-7 

0-88 

tt 

340881 

082 

100 

587-8 

081 

10-2 

35199-6 

0-79 

10-5 

36299-9 

0-78 

10-7 

833-9 

«t 

10-9 

884-4 

0-77 

11-2 

37601-6 

0-76 

11-4 

38420-8 

0-74 

121 

39050-3 

0-72 

12-7 

41148-3 

0-70 

130 

42626-3 

0-69 

13-3 

43348-7 

0-68 

tt 

44135-3 

Beryllium  (Ultra-violet  Spark  Spectrum). 
Exner  and  Haschek,  *  Sitzber.  kais.  Akad.  Wissensch.  Wien,*  cviil.  (2),  1899. 


Reduction  to 

III 

Intensity 

and 
Character 

Previous  Observations  (Rowland) 

Vacuum 

Wave-length 

A  + 
1-26 

1 
a" 

||.g 

4572-88 

1 

4672-9  Tbal6u 

6-0 

21867-1 

3321-51 

3 

3321-57  Hartley 

0-93 

8-6 

30098-2 

21-23 

3 

^^ 

^^ 

100-7 

3131-20 

15  \ 
20r 

8130-2 

0-88 

91 

31927-6 

30-66 

tt 

935-9 

2650-71 

7  doable 

2660-2        „ 

0-76 

1-0 

37714-7 

2494-84 

IV 

2493-9 

0-73 

1-7 

40071-0 

94-69 

^^ 

073-5 

2^48-72 
48-58 

3 

1 

0-70 

)ic 

2*7 

itized  by 
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Lithium  (Spark  Spectrum). 

Eder  and  Valenta,  *Denkschr.  kais.  Akad.  Wissensch.  Wien,'  IzYli.  1808. 
Exner  and  Hasohek,  *  Sitzungsber.  kais.  Akad.  Wissensch.  Wien,  cvi.  1807 


Wave- 

length 

'  Intensity 
and 

Previous  Observa- 
tions (Kayser  and 

Reduction  to       o  >»  ^ 
Vacuum          '2  c  s 

K       1    OP^-S 

Eder  and 

Exner  and 

1  Character 

Rtinge)  (arc) 

t 

Valenta 

Haschek 

1 

6708-2    ) 
6103  77  I 
497211  ) 

10 

6708-2 

1-82 

4-0    '14903-1  1 

1       10 

6103-77 

'    1-66 

4-4     16378-9 

>         4 

497211 

1-36 

5-5    '20106-7 

460310 

,        2nr 

;    1-26 

6-0 

21718-5 

4602-46 

lOb^r 

4602-37 

! 

»» 

21721-5  , 

4273-52 

1        4n 

4273-44 

117 

6-5 

23393-4 

4132-57 

'        6b 

4132-44 

;  114 

6-8 

24191-2 

3985-90 

1        In 

3985-94 

110 

71 

25081-3  ' 

3232-798 

3232-91 

!        6n 

3232-77 

0-91 

8-8 

30924-1 

2815-55 

1        1 

0-80 

10  3 

35606-7 

2741-67 

1 

i        2 

2741-39 

0-78 

10-6 

36464-9 

Lithium  (Oxthtdrogen  Flame  Spectrum). 
Ramage,  *  Proc.  Royal  Soc.'  Ixxi.  1902,  p.  164. 


1 

Reduction  to 

Wave-length 

Intensity 

and 
Character 

1    Previous  Observa- 
tions (Kayser  and 
Runge)  (arc) 

Vaci 

num 

Oscillation 

1_ 

Frequency 

6708-0 

10 

P2 

1  6708-2 

__ 





6103-84 

9 

A3 

1  6103-77 

1-66 

4-4 

16378-7 

4971-98 

2 

B4 

1  4972-11 

136 

5-5 

20107-2 

4603-07 

7 

A4 

,  4602-37 

1-26 

60 

21718-6 

4273-34 

1 

B5 

'  4273-44 

1-17 

6-5 

23394-4 

4132-93 

6 

A5 

'  4132-44 

1-14 

68 

24189-1 

3085-86 

1 

B6 

1  3986-44 

110 

7-1 

25081-6 

3915-59 

3 

A6 

,  3916-2 

1-08 

7-2 

25331-7 

379518 

2 

A7 

3794-9 

1-05 

7-4 

26341-8 

37190 

1 

A8 

3718-9 

103 

7-6 

26881-3 

3232-82 

4 

P3 

1  32.32-77 

0-91 

8-8 

30923-9 

2741-43 

1 

P4 

i  2741-39 

0-78 

10-6 

36466-7 

Thallium  (Ultra-violet  Spark  Spectrum). 

Sxner  and  Haschek,  *  Sitzungsber.  kais.  Akad.  Wissensch.  Wien/  cviii.  1899. 

Eder  and  Valenta,  *  Denkschr.  kais.  Akad.  Wissensch.  Wien,*  Ixviii.  1899. 

Comu,  *  C.  R.,'  c.  1885,  p.  1181. 


Wave 

length 

Eder  and 
Valenta 

,  Intensity 

and 
^  Character 

Exner  and 
Haschek 

3775-89 
352954 
19-3.-* 
13-42 
3456-50 
3229-90 

20r         1 

10 

20r 

In 

2n 
1        2b 

Previous 
Observations 


Reduction  to  j 
Vacuum 


X-J- 


3775-87  K.  and  R. 
3529-58 


19-39 


3229-88 


104 
098 


1_ 

7-4 
80 
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26476-4 
28324-3 
406-3  ' 
454-3 
922-9  I 
130965-7  1 
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Thallium  (Ultba-violxt  Spabk  Bfectrvm)— continued. 


Wave- 

length 
Ederand 

Intenaiiy 

and 
Character 

Prerioua            ' 
Obterrations 

Redaction  to 
Vaomim 

X4.     ^ 

1  ^s  ' 

Eznerand 

IB: 

HaKhek 

Valenta 

1 

A-r 

a" 

3091-88 

lb 

-  -     1 

0-88 

9-2 

32333-6 

2931-7 

lb 

2921-63  K.  and  R.     ' 

0-83 

9-8 

34216  8 

1        18-47 

In 

18-43 

1* 

tt 

9-9 

264-6 

2768-00 

2768O0 

6nr 

2767-97 

»» 

0-79 

10-5 

36116-7 

2740-01 

3nr 

tt 

tt 

485-6 

34K)8 

In 

0-78 

564-8 

1808 

i^ 

tt 

107 

780-0 

10  90 

4b 

271077 

»» 

tt 

^^ 

877-4 

2709-3 

09-34 

3br 

09  33 

t* 

tt 

,, 

899-2 

00-34 

2n 

00-3 

N 

It 

10-8 

37021-6 

2670-97 

1 

077 

10-9 

428-5 

69-90 

2n 

tt 

)t 

4436 

2665-8 

6574 

3n 

2605-67 

It 

tt 

tt 

502-2 

14  22 

Is 

09-86 

)t 

0-76 

110 

38241-3 

09-14 

2 

09-08 

tt 

tt 

^, 

315-9 

2585-90 

In 

2586-68 

It 

0-75 

11-3 

658-7 

2580-30 

8029 

3nr 

80-23 

>» 

tt 

It 

743-9 

44  33 

1 

0-74 

11-5 

39291-6 

253094 

30-89 

5b 

,, 

^^ 

1     515-8 

13r58 

1 

0-73 

ii'-e 

772-3 

2478-67  Fe 

4 

tf 

11-8 

40332-4 

69-27 

5 

072 

11-9 

485-9 

245204 

52-04 

4n 

«t 

120 

770-4 

45-61 

2 

tt 

^ 

877-6 

33-66 

In 

H 

12-1 

41078-5 

2394-72 

8s 

0-71 

12-4 

746-2 

79-68 

lOr 

2379-66 

Vt 

»* 

12  5 

42010-0 

65  00 

3 

0-70 

12-6 

270-6 

6230 

4n 

2362-16 

tl 

tt 

tt 

319-0 

4182 

i 

tt 

12-7 

6891 

1614 

4 

231601 

«t 

069 

12-9 

43162-4 

1050 

i 

tt 

13-0 

267-7 

2298-25 

2298-25 

78 

tt 

131 

498*3 

88  07 

2 

,. 

18-2 

691-8 

85-95 

1 

tt 

♦t 

732-3 

65-05 

38 

068 

13-3 

44135-8 

37  83 

3r 

2237-91 

«t 

tt 

13^ 

6525 

303 

In 

^^ 

823-4 

15-9 

i 

oil 

13-8 

45114-6 

10-79 

3 

2210-80 

tt 

tt 

218-9 

09-9 

m 

tt 

tl 

237-1 

07-21 

2b 

2207-13 

It 

tt 

tt 

292-3 

03-79 

1 

tt 

tt 

362-6 

2144-50 

1 

0-G6 

14-4 

46616-5 

39-44 

3 

tt 

726-8 

Comn 

2119-2 

, 

0  65 

14-6 

471730 

05-1 

«» 

14-8 

470-8 

2098  5 

tt 

tt 

615-6 

88-8 

tt 

14-9 

859-7 

83-2 

tt 

150 

988-1 

77-3 

tt 

tt 

48124-4 

72-4 

064 

151 

238-1 

69-2 

2069-80 

1 

^ 

^^ 

r     312-8 

62-3 

1 

i!  Die 

itilSj2y 

l^m^ 
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Thallium  (Ultra-violbt  Spark  8pmcrTRVU)^cotUinMed, 


Wave-length 


Exner  and 
Haschek 


67-3 
53-9 


Ederand 
ValenU 


1964-80 

1868-48 

62-70 


Intenniy 

and 
Character 


Previous 
Observations 


1  Bednotion  to 
1      Vacanm 

1 

1    ^'*" 

1_ 
X 

0-64 
0  62 

16-2 
16-3 
16-2 
17-4 

»» 

>t 

692-4 

672-6 

60879-5 

536021 

668-1 


Potassium  (Oxyhydroqen  Flame  Spectrum).] 
Ramage,  •  Proc.  Royal  8oc.*  Ixx.  1902,  p.  803. 


Redaction  to 

i 

Wave-length 
7697 

Intensity 

and 
Character 

Previous  Observations 

Vacaom 

A  + 

1_ 
A 

10    PI 

7701*92  Lehmann 

2-08 

3-5 

12988  6  1 

64 

10    PI 

7668-64 

ft 

tt 

13044-5  ' 

6939 

8    B3 

6938-8    Kayser  and  Range 

1-88 

3-9 

14407 

13 

7    B3 

11-2        ,. 

18-7 

ti 

462     1 

6832-25 

6    A4 

5832-23      „ 

1-69 

4-7 

17141-3  1 

12-63 

5    A4 

12-64      ,. 

1-58 

It 

199-5  ; 

02-12 

7    B4 

02-01      ,. 

» 

It 

230-8 

6782-74 

6    B4 

6782-67      ,. 

»f 

4-9 

2881  ! 

5359-96 

4    A5 

6869  88      „ 

1-46 

6-1 

18651-8 

43-38 

2    A5 

43-36      ^ 

f» 

It 

709-6 

40-17 

3    B5 

40-08      f,                   ,p 

»» 

9* 

720-9 

23-68 

2    B5 

23-56      „ 

1-45 

It 

778-9 

5112-76 

2    A6 

6112-68      „ 

1-40 

6-4 

19553-1 

5099-83 

1    B6 

5099-64      H 

1-39 

It 

602-7 

97-64 

1    A6 

97-75      „ 

» 

It 

611-1 

85-07 

1    B6 

84-49      „ 

«i 

II 

669-4 

4965*61 

1    A7 

4965-6        „ 

»t 

» 

201»6 

67 

1    B7 

66-B        „ 

1-38 

n 

167      i 

51-46 

1    A7 

62-2        „ 

>» 

n 

190-1 

4870 

1    A8 

4870*8    Liveiiig  and  Dewar 

ff 

n 

628 

e2 

1    B8 

63-8 

n 

»• 

662 

(»7 

1    A8 

66-8 

tt 

n 

383 

29 

1 

r» 

r» 

702 

03 

1    A9 

03^6 

f« 

ft 

814 

01 

1    B9 

n 

It 

823 

4798 

1 

479^-g           ,, 

»» 

tt 

836 

67 

1 

f> 

»i 

972 

60 

I    AlO 

69-8 

f» 

t» 

21002 

4642-35 
38-6 

2 

1 

1  4642       Hartley  and  Ramage 

»» 

t« 
t» 

534-4 
561-8 

4047-39 

9    P2 

4047-36  Kayser  and  Range 

Ml 

7-0 

24700^ 

44-33 

10    P2 

44-29      „ 

ft 

tt 

719(0 

3447-56 

3    P3 

3447-49      „ 

0-96 

8-2 

28W7-8 

46-55 

4    P3 

46-49      „ 

»» 

It 

2908^-3 

Present 

1    P4 

3217-76      „ 

f» 

It 

81968-7 

8217-36 

2    P4 

17-27      „ 

0-90 

8-8 

072-7 

The  lines  of  the  principal  series  are  marked  *  P/  those  of  the  first  subordinatft 
series  *  A/  and  those  of  the  seoond  sabordinate  series  *  B.' 
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Rubidium  (Oxthtdrogen  Flame  Spectrum). 
Ramage,  *  Txoo.  Boyal  Soc*  Izz.  p.  305. 


Intensity 

I¥»ve-length 

and 

Character 

PI 

7799 

10    PI 

6306-8 

1 

6299-19 

9    A4 

06-74 

8    A4 

6160-04 

5    B4 

6071-04 

4    B4 

5724-62 

8    A5 

565416 

3    B5 

4819 

7    A6 

5679S 

2   B5 

5432-05 

6   A6 

5391-3 

1    B6 

6316 

5    A6 

22-83 

1    B6 

5260-51 

4    A7 

34-6 

1    B7 

5195-76 

3    A7 

65-35 

2 

51-20 

2    A8 

32 

1    B8 

50895 

1    A8 

76-3 

1    A9 

37 

1 

23 

1    AlO 

17 

1    A9 

4983 

1    All 

67 

1 

4215-68 

9    P2 

02-04 

10    P2 

3591*86 

3    P3 

87-27 

4    P3 

3350-98 

1    P4 

48-84 

2    P4 

3229-26 

1    P5 

28-18 

1    P5 

Previous  Observations 


7950-46  Lehmana. 
7805-98 

6298-7    KajaeT  and  Rnnge 

06*7  n  »« 

6159*8    ,1       ft 
6071-2 

5724-41    ., 
5654-22 
48-18 

5431-83 

5362-94    „ 

62598 

5194-8    ,, 


5021-8 


4215-72 

01-98 

8591-74 

335103 
48-86 


Reduction  to 
Vacuom 


A  + 

2-16 
211 
1-71 

*> 

1-69 
1-68 
1-65 
1-56 
1-54 

»t 

1-62 
1-48 
1-47 

>» 
1-46 
1-44 
1-43 
1-42 

>t 

1-41 
1-40 
1-89 

»f  ■ 
1-88 
1-37 

»» 
1-36 

»» 
1-16 

i» 
1-00 

•» 
0-94 

>* 
0-91 


1_ 
4-3 


4-4 

»• 

4-5 
4-7 
4-8 

i» 
4-9 
51 


6-2 

ff 
5-3 

i» 

»* 

»» 

5-4 

»» 

ft 

5-6 

>i 
ft 

n 

66 

»♦ 
7-9 

i» 
85 

♦» 
8-8 


^n 


16861-3 
870-5 

16106-8 
228-9 
466-8 

17463-2 
680-9 
699-6 
918*1 

18408-9 
543-0 
640-3 
781-5 

190040 
098 
240-7 
354-1 
407-2 
480 
642-5 
698-6 
847 
902 
926 

20062 
127 

23714-4 
791-4 

27882-8 
868-4 

29833-5 
852-6 

30958-0 
968-4 
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CiESIUM   (OXYHYDROGEN   FlAME   SpECTRUM). 
Ramage,  *  Proc.  Royal  Soc/  Ixx.  1902,  p.  304. 


Intensity    | 
Wave-length  |        and 

'  Character 


6984 

74 
6869 

29 
6722 
6630 
6590 
6472 

83 
6364 
6217-6 

13-33 
6084-43 

10-69 
5847-86 

46-31 

39-33 
6746-37 
666414 

36-44 
6674-4 

68-9 

031 
5466-1 

14-4 

07-5 
5361 

4115 

04 
5266-96 

09 
5199 

64 
4593-30 

66-46 
3888-76 

76-31 
3617-49 

11-70 
3477-26 
3398-40 

48-72 

14 
3287 


6 
9 
2 
2 
9 
2 
8 
2 
2 
8 
2 
8 
4 
8 
2 
8 
2 
1 
7 
6 
1 
1 
3 
4 
1 
1 
1 
3 
1 
1 
1 
1 
1 
8 

10 
2 
4 
1 
2 
1 
1 
1 
1 
1 


A4 

A4     I 
B4     ' 

B4 

A5 
B6  I 
A5  i 
I 
A6 
B5  I 
B6 

A6     I 
A7 
B7\ 

Be; 

A8 
A7     ' 
A9 
B7     I 
AlO 
A8     ' 
All 
A9 

AlO 
All 
P2 
P2 
P3     I 
P3     ■ 
P4     i 
P4 

P6     I 
P6     I 
P7     , 
P8 
P9     I 


Prerious  Observations 

6973-9    Kayser  and  Range 
6723-6 


6213-4 
6010-6 
68451 

56640 

35*1  „  tf 

5673' 1     Lecoq  de  Boisbaudran 

01-9?       „ 
5465-8    Kayser  and  Range 


5257-8    Lecoq  de  Boisbaadran 


4593*34  Kayser  and  Range 

55-44 
3888-83 

76-73 
361708 

n-84         .. 


Reduction  to 

«&o 

Yacuom 

•1 

X  + 

1 

1-90 

3-9 

14314 

1-89 

♦1 

336 

1-86 

f* 

564 

»« 

4-0 

639 

1-83 

»» 

873 

1-81 

4-1 

16079 

1-79 

n 

171 

1-76 

42 

447 

175 

»» 

640 

1-73 

4-3 

733 

1-69 

4-4 

16078-7 

„ 

»i 

089-7 

1-64 

4-8 

566-7 

,, 

>» 

632-4 

1-69 

»» 

17095-6 

»» 

»» 

102-7 

»t 

(> 

120-2 

1-57 

M 

3972 

1-54 

ft 

649-7 

f« 

l» 

789-6 

1-52 

4-9 

933-9 

,, 

f» 

9616 

1-50 

50 

18166-2 

1-49 

,j 

289-2 

1-48 

tt 

463-8 

,, 

»» 

487-8 

1-46 

5-1 

682 
717-0 

1-45 

»» 

848 

^, 

52 

19016-8 

1-42 

(> 

192 

,, 

5-3 

228 

„ 

» 

396 

1-26 

60 

21764-8 

1-25 

» 

946-6 

107 

7-3 

26707-9 

»» 

»( 

790-4 

1-01 

7-8 

27636-7 

1-00 

*« 

680-0 

097 

8-1 

28750-3 

0-95 

8-3 

29417-3 

0-94 

t« 

853-7 

0  93 

86 

30166 

0  92 

8-7 

414 
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Antimony  (Ultra-violet  Spark  Spectrum). 

Kder  and  Valenta,  •  DenkBchr.  kais.  Akad.  Wiasensch.  Wien/  Ixviii.,  1899. 
Exner  and  Haschek,  ♦  Sitzungsber.  kais.  Akad.  Wien/  cvi.  1897. 


Previoas  Observations 
Kayser  and  Range 

(Arc) 


Waye-length 

' 

Intensity 
and 

Eder  and     |    Exner  and 

Character  i 

ValenU 

Haschek 

46932 

2b 

680 

In 

1          47-8 

In 

1          23-5 

lb 

46996 

lb 

1          91-9 

4b 

44-8 

1 

1          260 

lb 

06-8 

In 

:      44990 

In 

67-8 

lb 

33-0 

lb 

28-6 

lb 

26-5 

lb 

11-7 

lb 

1      43780 

2b 

670 

lb 

62-4 

10b 

160 

4b 

4260-3 

8b 

69-5 

lb 

1          300 

lb 

26-9 

ICa 

24-5 

lb 

'          19-2 

6n 

Oil 

lb 

4195-3 

4b 

710 

lb 

40-7 

2b 

1         340 

2b 

1      40680 

6(Pb) 

40-6 

lb 

33-71 

8 

,         24-8 

lb 

39861 

2n 

68-6 

2Ca 

64-8 

2n 

60-8 

4b 

338 

2  Ca 

33-7 

2b 

320 

In 

08-8 

lb 

1      3883-3 

In 

50-4 

6b 

1         41-4 

6b 

:      3772-9 

2b 

i         66-6 

In 

1         54-8 

1 

39-5 

8b 

22-93 

8 

36920 

lb       ; 

87-0 

2b        1 

4033-70 


3722-92 


Beduoiion  to 

!&§ 

Vacnom 

- 

X+    1 

1_ 
A 

ib 

1-29 

69 

21301-9 

1-28 

)t 

462-6 

1-27 

tt 

609-6 

ft 

60 

622-6 

1-26 

tt 

736-0 

»» 

tt 

771-6 

1-26 

61 

9961 

1-24 

tt 

22088-5 

M 

tt 

183-6 

1-23 

t« 

221-1 

l-»2 

6-2 

426-4 

»» 

It 

661-9 

1-21 

6-3 

674-2 

,, 

tt 

690-0 

»» 

tt 

660-6 

124 

♦t 

8361 

»» 

G-4 

892-6 

119 

tt 

971-4 

1-18 

tt 

23168-9 

117 

66 

4660 
470-4 

116 

6-6 

634-0 

»» 

tt 

651-4 

i» 

664-8 

»» 

tt 

694-6 

1-15 

tt 

792-1 

it 

6-7 

829-6 

>» 

>t 

968-4 

114 

6-8 

24142-0 

♦» 

tt 

182«8 

112 

6-9 

636-8 

111 

7-0 

739-3 

t» 

tt 

7840 

»» 

838-8 

110 

7-1 

26080-2 

109 

tt 

188-2 

»» 

214-9 

tt 

tt 

2401 

108 

7-2 

413-6 

»» 

tt 

414-2 

tt 

tt 

426-2 

It 

7-3 

676-0 

107 

tt 

7440 

106 

tt 

964-0 

tt 

tt 

26024-9 

104 

7-5 

497-3 

.. 

tt 

641-6 

*t 

tt 

625-1 

tt 

724-0 

1-03 

7-6 

863-0 

102 

tt 

27078-0 
114-7 
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Antimony  (Ultba-vtolbt  Spabk  Bpbctbum)— «»*i<i»wrf. 

1  Bednotion  to 

III : 

"Wftve-length 

Intensity 
and 

ICavaai*  and  Rtmire 

Vacuum 

OsciU 
Preqi 

(Arc)                 x+    1  i- 

Bder  and          Exner  and 

Character 

Valento      '      Haschek 

'    A 

1 

3683*7 

2Pb 

1-03 

7*7 

27138-9 

,          77-8 

1 

'      It 

tt 

182-6 

75-6 

lb 

,      ♦• 

u 

198-7 

680 

lb 

1 
»• 

»t 

2551 

65*5 

In 

•  1-01 

»» 

348*3 

520 

6ii 

tt 

374*6 

39-8 

1 

>• 

tt 

466-3 

j         3801 

8 

3637-94                    ;      .. 

7*8 

479-8 

36-8 

1 

1      ** 

tt 

488-9 

300 

4b 

»i 

tt 

640*4 

27-5 

In 

»f 

tt 

669*4 

3697-7 

8b 

100 

»t 

787-7 

66-7 

8b 

0-99 

7*9 

28029-2 

69-5 

8b 

»» 

tt 

085-9 

340 

4b 

0-98 

8*0 

268*5 

19-7 

4b 

*> 

tt 

403*5 

04-8 

10b 

•f 

81 

524*2 

3498-6 

8b 

0-97 

tt 

574-8 

740 

8b 

V 

tt 

777-2 

69*5 

lb 

,.    ;  82 

897-7 

620 

lb 

0*96    1     ., 

960-5 

25-9 

4b 

>» 

8*3 

29181-1 

14-7 

In 

0*95 

ti 

276*8 

03-9 

2b 

»t 

tt 

369*8 

00-0 

In 

>» 

»t 

403*5 

8396-0 

lb 

t» 

8*4 

438-0 

93-8 

lb 

11 

«t 

457-1 

906 

lb 

ft 

tt 

484-9 

83-2 

6 

3383*24 

»» 

*t 

544*2 

77-5 

lb 

0*94 

tt 

599-3 

74-8 

lb 

t* 

tt 

614-2 

672 

lb 

tt 

•t 

689-9 

660 

lb 

•» 

8*5 

797-8 

373 

4b 

»» 

tt 

965*8 

12-8 

In 

0-93 

8*6 

80177-3 

043 

2b 

tt 

>t 

266-0 

3288-3 

In 

0-92 

8-7 

402-2 

85-8 

lb 

tt 

t> 

425-3 

78-7 

lb 

tt 

tt 

491-2 

76-7 

lb 

>t 

tt 

609*8 

74] 

2 

It 

tt 

534*0 

67-62 

10 

3267-60 

t» 

tt 

5951 

65-4 

1 

0*91 

»» 

709*6 

62-2 

1 

tt 

8*8 

739*6 

47-7 

1 

It 

•t 

782*2 

41-2 

8b 

t> 

t» 

844-0 

32-65 

10 

32*61 

tt 

tt 

9256 

3197-4 

lb 

0-90 

8-9 

31266-6 

93-7 

In 

tt 

tt 

302-7 

92-8 

In 

It 

It 

311*6 

75-2 

In 

0-89 

90 

486-1 

69-4 

lb 

,, 

tt 

642*7 

48-2 

lb        1 

tt 

tt 

765-2 

3087-2 

lb 

0-87 

9*2 

32882*6 

67-9 

1 

tt 

9-8 

586*3 
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Amttmomt  (Ultba-violet  Spark  STEcnvMy-ffontinved, 


'              WaTe-length 

Inientitv 

Previoiu  ObMrrations 

Reduction  to  | 
Vacuum      1 

l|8 

1 

— 

and 

Eayser  and  Range 

— 

' "- 

ir- 

Ederand 

Exner  and 

Character 

(Arc) 

0-80 

1_ 

ValenU 

Haschek 

x~ 

3040-7 

8b 

9-4 

32877-8 

29-90 

10 

3029-91 

»♦ 

tt 

995-0 

24-8 

1 

ft 

9-5 

33060-6 

22-1 

2b 

0-85 

t> 

079-7 

101 

2b 

tt 

ft 

2120 

2981-2 

8n 

«) 

9-6 

533-9 

66-4 

6b 

084 

9-7 

701-3 

23-5 

lb 

0-83 

9-8 

34196-8 

13-53 

8n 

^^ 

99 

313-4 

2895-7 

lb 

0-82 

tf 

624-1 

91-7 

4b 

It 

10^ 

671-7 

90-0 

2b 

>* 

>f 

592-1 

87-7 

lb 

ft 

It 

619-6 

860 

lb 

(• 

•f 

640-0 

84-0 

lb 

)» 

ft 

664-1 

80-0 

2b 

»f 

t» 

712-2 

78-06 

10 

287801 

IT 

•t 

735-7 

631 

lb 

0-81 

10-1 

9171 

68-1 

1 

»f 

tf 

978-3 

67-2 

In 

»» 

»• 

989-3 

53-3 

In 

ff 

ft 

36037-0 

51-20 

8 

51-20 

tt 

tt 

062-8 

37-6 

lb 

ft 

10-2 

232-1 

831 

1 

>» 

>t 

286-8 

26-9 

2b 

ft 

tt 

361-6 

190 

lb 

0-80 

10-3 

463-3 

13-3 

In 

tt 

»t 

6351 

2806-80 

lOn 

t* 

$t 

617-5 

02-0 

t> 

>t 

678-4 

2797-9 

lb 

tt 

10-4 

730-7 

96-7 

1 

tt 

tt 

768-8 

90-67 

8n 

if 

tt 

824-6 

86-2 

In 

t> 

tt 

880-8 

76-8 

lb 

0-79 

tt 

36015-2 

2769-97 

7008 

88 

2770  04 

tt 

10-5 

089-8 

64-8 

lb 

tt 

it 

178-5 

62-2 

In 

tt 

ft 

1985 

41-2 

In 

0-78 

10-6 

469-8 

27-37 

27-3 

3 

27-32 

tt 

ti 

655-7 

19-05 

1900 

88 

19  00 

ti 

10-7 

767-2 

06-73 

1 

ft 

>* 

934-2 

2692*43 

2692-3 

3 

2692-35 

0-77 

ft 

37132-1 

82-98 

82-8 

6 

82-86 

>t 

10-8 

2751 

70-81 

70-7 

6n 

70-73 

tf 

10-9 

430-9 

69-79 

69-6 

6n 

tt 

ft 

445-2 

63-31 

18 

tt 

»f 

536-4 

670> 

66-8 

lb 

It 

6251 

62-73 

52-70 

7 

52-70 

0-76 

11-0 

686-2 

82-6 

In 

,, 

t« 

974-3 

17-46 

17-5 

3n 

tt 

111 

38193-3 

14-78 

14-8 

Is 

14-74 

M 

>» 

238-1 

14-33 

2 

•  f 

.. 

238-6 

12-43 

12-4 

5 

12-40 

ft 

tt 

267-5 

2598-24 

2698-15 

9r 

269816 

075 

11-2 

4771 

90-42 

90-4 

6b 
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Aktimont  (Ultba^yiolbt  Spabk  SPBCTfiuic) — continued. 


Wave- 

length 

1   Intensity 
1        and 

Previous  ObservationB 

Redaction  to 
Vacuam 

J  a> 

Kayier  and  Range 

1    , 

Eder  and 

Exner  and 

1  Character 

(Arc) 

•0-75       11-3 

iP 

ValenU 

Haschek 
2586-8 

1 

In 

38646-6 

2574-24 

74-1 

38 

7414 

*•           >» 

832-8 

71-64 

71-6 

In 

»»           i» 

874-4 

70-6 

In 

*•           •« 

890-1 

67-87 

67-8 

l8 

M        11-4 

931-4 

65-62 

66-6 

3b 

«t           ft 

966-5 

57-6 

lb 

0-74 

39087-8 

54-81 

54-8 

Is 

64-72 

»f.          »• 

130-4 

44-10 

43-9 

3n 

„        11-5 

310-6 

28-68 

28-62 

9r 

28-60 

,.         11-6 

536-2 

28-58 

1 

**           ** 

636-3 

22-9 

1 

H                      ft 

625-3 

20-30 

20-3 

In 

t«           '           ft 

666-2 

14-5 

In 

14-64 

0-78         „ 

767-7 

10-66 

10-6 

1 

10-60 

11-7 

818-8 

07-8 

In 

»t                     «t 

863-9 

2488-3 

1 

..        11-8 

40176-3 

83-3 

I 

»»           tt 

257-2 

81-8 

1 

2481-81 

>•           >t 

281-6 

2480-56 

80-5 

2 

80-50 

t*           >i 

301-8 

78-46 

78-4 

4 

*t           tt 

336-0 

74-80 

74-6 

1 

74-63 

f,        11-9 

396-4 

46-66 

45-7 

6 

45-59 

0-72       12-0 

876-7 

29-66 

1 

»           »t 

41147-7 

26-62 

26-5 

28 

26-44 

„         12  2 

199-1 

22-31 

22-2 

2s 

22-21 

270-7 

2395-35 

2395-4 

m 

2396-31 

0-71       12-4 

735-2 

83-77 
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Arsbnic  (Spark  Spectrum). 
Exner  and  Haschek,  *  Sitsnngsber.  kais.  AkacL  Wissensch.  Wien,*  ex.  1901. 
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Absorption  Spectra  and  Chemical  Constitution  of  Organic  Substances. — 
Fifth  Interim  Report  of  the  Committee,  consisting  of  Professor 
W.  Noel  Hartley  {Chairman  and  Secretary),  Professor  P.  R. 
Japp,  Professor  J.  J.  Dobbie,  and  Mr.  Alexander  Lauder, 
appointed  to  investigate  the  Relation  between  the  Absorption  Spectra 
and  Chemic<d  Constittdion  of  Organic  Substances. 

The  work  of  two  of  the  members  of  the  Committee,  Dr.  Dobbie  and  Mr. 
Lauder,  has  been  exclusively  devoted  to  the  investigation  of  certain  alka- 
loids, and  the  connection  between  their  chemical  constitution  and  their 
absorption  spectra,  and  the  results  they  have  obtained  since  the  last 
meeting  at  Belfast  constitute  the  substance  of  this  report.^ 

Note. — As  sometimes  the  nitrates  of  the  alkaloids  are  well-crystallised 
salts,  the  examination  has  been  in  certain  cases  made  with  nitrates.  It  is 
necessary  to  observe,  however,  that  unlike  chlorides,  sulphates,  and  ace- 
tates, which  are  very  diactinic  and  exert  only  a  general  absorption,  nitric 
acid  and  the  nitrates  give  characteristic  absorption  bands.  ^  This  does  not 
affect  the  spectra  here  referred  to,  but  it  might  happen  that  if  the  effect 
of  the  nitric  acid  were  not  taken  into  account,  erroneous  conclusions  could 
be  drawn  from  the  absorption  band  of  the  nitric  acid  being  attributed  to 
the  organic  base. 

In  a  paper  communicated  to  the  Royal  Society  eighteen  years  ago  by 
Hartley,'  it  w8ls  proved  that  the  principal  alkaloids  give  highly  characte- 
ristic absorption  spectra  which  can  be  used  for  their  identification  and  for 
ascertaining  their  purity.  Furthermore,  that  alkaloids  closely  related  to 
one  another,  like  quinine  and  quinidine,  cinchonine  and  cinchonidine,  all 
contained  a  similar  nucleus,  which  was  probably  formed  by  the  conjuga- 
tion of  four  pyridine  or  two  quinoline  groups,  and  that  the  opium  alka- 
loids had  also  a  characteristically  constituted  nucleus  which  is  either  a 
benzene  or  a  pyridine  derivative.  The  effect  of  alky  I  and  acetyl  sub- 
stitutions on  the  curve  of  absorption  was  demonstrated,  the  increased 
intensity  of  absorption  of  the  apo-derivatives  was  shown  and  accounted 
for,  and  the  occurrence  of  several  oxidised  radicals — hydroxyl,  methoxyl, 
carbonyl,  or  carboxyl — in  the  constitution  of  an  alkaloid  was  shown  to 
be  capable  of  causing  remarkable  differences  in  the  absorption  curves- 
of  the  original  nucleus.  At  the  time  at  which  this  paper  was  published, 
however,  little  progress  had  been  made  with  the  investigation  of  the 
alkaloids,  and  it  was  not  possible,  therefore,  to  trace  any  closer  connec- 
tion between  their  structure  and  their  spectra.  In  this  connection, 
however,  the  relationship  of  the  absorption  curves  to  the  differences 
in  constitution  of  quinoline,  dihydroquinoline,  and  tetrahydroquinoline, 
was  determined  by  Hartley. 

The  Absorption  Spectra  of  CorydcUine,  Berberine,andtlie  Opium  Alkaloids. 

The  constitution  of  the  principal  members  of  the  group  of  alkaloids  to 
which  corydaline  and  berberine  belong — namely,  papaverine,  hydrastine, 

>  Dobbie  and  Laader,  Chem.  Soc.  Trans.,  1903,  88,  pp.  605,  626. 
*  Hartley,  Ch^m.  St>o.  Tram.,  1902,  81,  and  1903,  88. 

>  Phil.  Tram.,  1885,  Part  II.,  p.  471. 


Digitized  by 


Google 


ON  ABSORPTION  SPECTRA  AND  CHEMICAL  CONSTITUTION.  127 

narcotine,  and  narceine — has  now  been  definitely  determined,  and  the 
examination  of  this  group  furnishes  a  good  basis  for  the  study  of  the 
relationship  between  the  absorption  spectra  and  the  constitution  of  the 
alkaloids. 

Since  papaverine  is,  in  some  respects,  more  simply  constituted  than  the 
other  members  of  the  group,  it  will  be  convenient  to  consider  each  of  the 
others  with  reference  to  it.  According  to  Gk>ldschmiedt,  the  structure  of 
papaverine  is  represented  by  the  following  formula  : 

Papaverine. 


'    '  'OMe 


j^OMe 


The  absorption  curve  of  papaverine  shows  two  absorption  bands,  the 
first  lying  between  V\  2998  (\=3335)  and  VX  3295  {X=3035),  and  the 
second  between  \/\  3956  (X=2528)  and  ^X  4555  (X=2195). 

Hydrastine  differs  structurally  from  papaverine  in  the  following  par- 
ticulars :  (i)  The  isoquinoline  nucleus  is  partiaUy  reduced ;  (ii)  The  two 
methoxyl  radicals  of  the  i«oquinoline  nucleus  are  replaced  by  a  dioxy- 
methylene  group  ;  (iii)  A  methyl  group  is  attached  to  the  nitrogen  atom  ; 
(iv)  A  carbonyl  group  is  attached  to  the  carbon  atom  (4),  and  through 
the  medium  of  an  oxygen  atom  is  also  linked  to  carbon  atom  (2),  which 
has  only  one  atom  of  hydrogen  attached  to  it.  From  this  comparison,  it  is 
obvious  that  the  two  substances  differ  considerably  in  their  constitution. 
On  comparing  the  curve  of  the  absorption  spectra  of  hydrastine  (fig.  4)  with 
that  of  papaverine  (fig.  2),  it  will  be  seen  that  there  is  a  correspond- 
ingly wide  difference  between  them ;  hydrastine  exhibits  slightly  less 
general  absorption  than  papaverine,  and  shows  only  one  absorption  band 
which  is  wider  and  much  more  persistent  than  either  of  the  absorption 
bands  of  papaverine.  Narcotine  only  differs  from  hydrastine  in  con- 
taining an  additional  methoxyl  group  attached  to  ring  lY,  and  the 
two  idkaloids  give  practically  identical  absorption  spectra  (figs.  4 
and  5).  Assuming  the  constitution  of  corydaline,  as  determined  by 
Dobbie  and  Lauder,  to  be  correct,  it  is  represented  by  the  second  of 
the  following  formulse : 

Tetrahydxoberberine.  Corydaline. 

i^^OMe  fC>OMe 


^1  -»pn\ 
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On  comparing  this  formula  with  that  of  papaverine,  the  differences 
will  be  seen  to  consist  in  the  partial  reduction  of  the  Moquinoline  nooleus 
and  in  the  presence  of  carbon  atom  (5),  which,  with  its  associated  methyl 
group,  is  linked  on  the  one  hand  to  carbon  atom  (4),  and  on  the  other  to 
the  nitrogen  atom,  thus  forming  a  fourth  closed  chain  in  the  molecule. 
Here,  again,  the  difference  between  the  absorption  spectra  and  those  of 
papaverine  is  very  marked.  The  amount  of  general  absorption  is  less,  and 
there  is  only  one  absorption  band,  which  is,  however,  better  defined  and 
more  persistent  than  the  papaverine  bands  (figs.  2  and  6). 

In  discussing  the  relations  between  corydaline  and  berberine,  it  is  to 
be  remembered  that  corydaline  corresponds  to  tetrahydroberberine,  and 
berberine  to  dehydrocorydaline.  The  constitutional  connection  between 
corydaline  and  tetrahydroberberine  is  undoubtedly  very  close, ^  as  a  com- 
parison of  the  above  formulse  will  show,  and  between  the  spectra  of 
the  two  substances  there  is  also  a  very  close  relation  (figs.  6  and  7), 
the  only  difference  being  that  the  general  absorption  of  tetrahydro- 
berberine is  slightly  greater  than  that  of  corydaline. 

When  papaverine  is  reduced  to  tetrahydropapaverine,  it  is  brought 
structurally  very  near  to  corydaline.  A  comparison  of  the  formuhe  of 
the  two  substances  shows  that  the  former  substance  differs  from  the  latter 
in  the  absence  of  carbon  atom  (5)  of  ring  II  with  its  associated  hydrogen 
atom  and  methyl  group.  The  spectra  of  the  two  compounds  are  almoet 
identical  (figs.  3  and  6).  Viewing  corydaline  as  derived  from  tetra- 
hydropapaverine by  the  addition  of  CH2  forming  a  fourth  closed  chain  in 
the  molecule,  it  might  have  been  anticipated  that  the  difference  between 
the  absorption  spectra  of  the  two  substances  would  be  greater  than  is 
found  to  be  the  case.  It  should  be  noted,  however,  that  ring  II  in  cory- 
daline is  a  reduced  ring,  and  would  not  therefore  exert  the  same  in- 
fluence on  the  absorption  spectra  as  the  formation  of  a  pyridine  ring. 
It  might  be  expected  to  produce  an  effect  comparable  with  that  produced 
by  the  substitution  of  a  dioxymethylene  for  two  methoxyl  groups, 
which,  we  shaU  show  later,  is  slight  in  compounds  of  high  molecular 
weight.' 

Narceine  is  the  extreme  member  of  this  group.  It  has  two  benzene 
nuclei,  but  no  pyridine  ring,  and  in  other  particulars  differs  considerably 
in  constitution  from  papaverine.  The  absence  of  any  absorption  band 
differentiates  the  spectra  widely  from  those  of  the  other  members  of  the 
group  (fig.  22). 

Note. — This  was  accounted  for  by  Hartley  in  the  following  explana- 
tion :  *  Carbonyl,  carboxyl,  hydroxyl,  and  methoxyl  on  side-chains,  or  as 
forming  a  portion  of  the  substituted  benzene  nuclei,  exhibit  great  absorp- 
tive power,  and  the  occurrence  of  several  oxidised  radicals  may  cause  the 
following  variations  in  spectra  :  (a)  the  absorption  band  becomes  so 
widened  as  to  extend  into  the  region  of  rays  affected  by  naphthalene, 
quinoline,  and  their  derivatives ;  (6)  or  the  absorption  is  so  powerful 
that  it  extends  to  rays  less  refrangible  than  those  in  which  ^e  band 
is  situated,  and  continues  so  far  down  the  curve  that  the  selective 
absorption  is  not  made  manifest.  Narceine  appears  to  be  »  good  ex- 
ample of  this;  its  absorptive  power  is  very  great,  extending  into  the 

>  Chem.  Soc.  Tram.,  1902,  81, 145. 

«  Hartley,  Chem.  Soc.  Trans.,  1885.  47,  691 ;  Hartley  and  Dobbie,  Ckfm.  Soe. 
Tram,  1900,77,846. 
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region  of  such  low  refrangibility  as  X  3000  when  I  mm.  of  liquid  ia 
examined  containing  only  ttfW^  ^^  substance,  so  that  no  band  is  visible. 
The  remarks  on  narceine  are  also  applicable  to  papaverine  in  every 
particular.'  * 

Dobbie  and  Lauder^  have  shown  that  corydaline  and  berberine  give 
rise  to  parallel  series  of  derivatives.  The  absorption  spectra  of  the 
corresponding  derivatives  are  related  to  one  another  in  the  same  way  as 
the  spectra  of  the  parent  substances.  When  corydaline  is  acted  on  with 
mild  oxidising  agents,  four  atoms  of  hydrogen  are  removed,  and  a  yellow 
substance  is  obtained,  which  stands  in  the  same  relation  to  corydaline  as 
berberine  to  tetrahydroberberine.^ 

Oxidation  with  dilate  nitric  acid  converts  corydaline  and  berberine 
respectively  into  the  dibasic  corydic  and  berberidic  acids  : 

C,3He(CH3)(OCH3),-N(00,H)2, 
Corydic  acid. 

C,3H,(CH,0,)-N(C0,H)„ 
Berberidic  acid. 

whikt  oxidation  with  permangaiMite  gives  rise,  amongst  other  pro- 
ducts^ to  corydaldine  in  the  former  case,  and  to  <0-aminoethylpiperonyl- 
carboxylic  anhydride  in  the  latter.  The  corresponding  derivatives  differ 
structurally  from  on^  another  in  the  same  way  as  corvdaline  and  tetra- 
hydroberberine,  excepting  that,  in  the  case  of  corydaldine  and  cD-amino- 
ethylpiperonylcarboinrlic  anhydride^  ring  II  having  disappeared,  the 
difference  between  the  two  compounds  is  confined  to  the  replacement 
of  the  two  methoxyl  groups  of  the  former  by  dioxymethylene  in  the 
latter.  The  spectra  of  the  corresponding  derivatives  (figs.  10  and  11, 
and  14  and  15),  exhibit  the  same  close  relationship  as  those  of  the  alka- 
loids themselves.  The  general  absorption  of  the  berberine  derivatives 
is,  however,  always  slightly  greater  than  that  of  the  corresponding 
corydaline  derivatives.  This  is  probably  due  to  the  influence  of  the  dioxy- 
methylene group,  and  the  correctness  of  this  inference  is  supported  by 
the  fact  that  piperonylic  acid,  C6H3(CH302)-CO,H,  shows  slightly 
greater  general  absorption  than  veratric  acid,  C^'Bi^{0CH.^)2'C0JEL 
(figs.  12  and  13). 

Whilst  the  spectra  of  coiydaldine  find  w-aminoethylpiperonylcar- 
boxylic  uihydride  approach  one  another  closely,  they  differ  widely  from 
those  of  cotamine  and  hydrastinine  (figs.  14,  15,  and  16),  the  correspond- 
ing oxidation  products  of  narcotine  and  hydi^astine  respectively.  The 
difference  finds  a  sufficient  explanation  in  the  fact  that  whilst  all  four 
substances  are  nearlv  related,  the  chain  containing  the  nitrogen  atom, 
which  is  closed  in  the  two  former^  is  open  in  the  two  latter.  When, 
however,  hydrastinine  is  oxidised  by  means  of  an  aqueous  solution  of 
potassium  hydroxide,  the  open  chain  is  closed,  and  oxyhydrastinine 
results,  the  absorption  spectra  of  which  substance  are  almost  identi- 
cal   with    those    of   corydaldine    and    a;-aminoethylpiperonylcarboxylic 

»  PhU,  Trans.,  1886.  «  Chem,  SoclTrant.y  1902,  81, 146. 

•  Ibid.,  1902.  ai.  146. 
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anhydride  (figs.  14,  16,  and  17).     The  relationship  between  these  coin< 
pounds  ia  shown  hj  the  following  formnle  :— 

-Afflinoethylplpwonyl.  Coiydaldine. 

carboxyko  anhydride.  v,v.ju«»i-w 

0  O 

H 


HydiasUnine.  OzyhydiMtlnine. 

CHO  O 

Though  Dobbie  and  Lauder  have  found  that  cotamine  and  hydras- 
tinine  in  alcoholic  solution  do  not  possess  the  constitution  commonly 
assigned  to  them,  this  in  no  way  affects  the  argument,  since  there  is  an 
important  constitutional  difference  between  oxycotamine  and  ozyhydras- 
timne  on  the  one  hand,  and  cotamine  and  hydrastinine  on  the  other,  what* 
ever  formulae  be  accepted  for  the  two  latter. 

Again,  when  the  pyridine  ring  of  cotamine  and  hydrastinine  is  dosed 
by  the  conversion  of  these  substances  into  their  salts  or  by  their  reduction 
to  hydro-derivatives,  the  changes  of  stmcture  are  reproduced  in  a  striking 
manner  in  the  spectra. 


BdcUiotiahips  established  between  differences  in  ConstihUion  and  Absorption 
Spectra^  which  may  be  applied  to  the  study  of  Alkaloids  of  unhunon 
Constitution, 

It  is  now  known  that  many  alkaloids  which  possess  the  same  formula 
are  stereoisomerides.  Alkaloids  which  are  related  in  this  way  give^  like 
other  stereoisomerides,  identical  spectra.^  Illustrations  of  this  are 
afforded  by  c^corydaline  and  t-corydaline  (fig.  16),  narcotine  and  gnos* 
copine  (fig.  15),  tetrahydroberberine  and  canadine  (fig.  17).  Quinidine 
(conquinine)  and  cinchonidine  also  give  absorption  spectra  identical  with 
those  of  quinine  and  cinchonine  respectively,  of  which  substances  they 
are  probably  stereoisomeric  forms  (figs.  18  and  19).  This  relati<mship 
might  sometimes  be  used  to  assist  the  investigation  of  cases  of  suspected 
stereoisomerism.  Where,  for  example,  two  compounds  of  the  same 
formula  Are  known,  one  active  and  the  other  inactive,  it  may  be  inferred 
that  they  are  not  optical  isomerides  if  they  have  different  absorption 
spectra. 

A  case  in  point  is  afforded  by  canadine  and  papaverine^  which 
possess  the  same  molecular  formulae  but  give  widely  different  abeorptioQ 
spectra.    Even  if  it  were  not  known  otherwise  that  these  two  substances 

>  Hartley  and  DobUe,  Cksm.  Soe.  Trani,^  1900»  77,  498  and  609. 
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are  straotorallj  different^  thii  might  be  inferred  from  the  differences 
in  their  absorption  spectra  (figs.  2  and  7).  Canadine  has  long  been 
r^;arded  as  a  stereoisomeride  of  tetrahydroberberine.  This  question 
might  have  been  decided  by  a  comparison  of  the  spectra  of  the  two  sub- 
stances, which  had  been  abeady  undertaken  when  Gadamer  ^  published 
an  account  of  the  resolution  of  tetrahydroberberine  into  its  active  com- 
ponents, and  showed  that  one  of  them  was  identical  with  canadine.  The 
result  of  the  spectroscopic  examination  points  to  the  same  conclusion 

(fig.  7). 

According  to  Gadamer,^  inactive  corydaline  exists  in  two  modifica- 
iions,  one  melting  at  134-135^  and  the  other  at  ISd-ldQ"".  The  latter 
of  these  only  can  be  resolved  into  dextro  and  inactive  corydalines.  The 
inactive  mooification  of  lower  melting-point  which  cannot  be  resolved, 
might  either  be  a  structural  or  a  stereoisomeric  modification  of  corydaline. 
The  fact  that  its  spectra  are  identical  with  those  of  natural  corydaline 
(fig.  6)  affords  strong  presumption  in  favour  of  the  view  that  the  two 
are  structurally  identical 

Homologous  alkaloids  give  practically  identical  spectra.  It  has  been 
shown  from  the  examination  of  many  homoloffous  substances  that  the 
replacement  of  an  atom  of  hydrogen  by  a  me&yl  group  produces  very 
Htde  effect  on  the  spectra,  even  when  the  compounds  are  of  low  mole- 
cular weight.'  The  effect  is  still  less  noticeable  when  the  replacement 
occurs  in  substances  of  high  molecular  weight,  such  as  some  of  the 
alkaloids.  The  effect  is  such  that  in  every  case  it  may  have  been  pre- 
<£cted. 

Codeine  and  morphine  (^g,  1)  were  examined  by  Hartley,^  and  his 
curves  show  clearly  the  relation  between  these  two  compounds.  We 
have  examined  numerous  other  cases  of  homologous  alkaloids,  and  find 
that  they  all  give  practically  identical  spectra.  The  curves  of  cory- 
bulbine,  C21HJ5O4N  (fig.  20),  and  corydaline,  0,3H,704N  (fig.  6),  and 
those  of  Quinine,  C30HS4O2N;,  and  cupreine,  CigHg^OsNs  (fig.  18),  may 
be  referred  to  as  examples.  When,  therefore,  the  formulas  of  two  alka- 
loids differ  by  CH^,  it  may  be  inferred  with  certainty,  if  they  give  dis- 
similar spectra,  that  they  are  not  homologous.  On  the  other  hand,  it 
cannot  be  inferred  with  certainty  that  two  substances  which  differ  by 
CH2,  and  have  very  similar  spectra,  are  really  homologous,  because  the 
difference  in  the  formula  may  be  due  to  other  slight  structural  differ- 


The  formula  of  bulbocapnine,  Oi9H,904N,  differs  from  that  of 
pMoaverine,  C30H21O4N,  and  of  tetrahydbroberberine,  C20HS1O4N,  by 
GMs,  but  the  wide  difference  between  the  spectra  of  ail  three  sub- 
stances (figs.  21,  2,  and  7)  renders  it  highly  improbable  that  bulbo- 
capnine is  homologously  related  to  either  of  tibe  others.  What  is 
known  of  the  chemistry  of  bulbocapnine  entirely  bears  out  this  con- 
closion.^ 

Many  minor  modifications  of  structure  in  alkaloids  are  unaccom- 
panied by  any  marked  difference  in  the  spectra,  even  where  the  same 

>  Areh,  Pharm,,  1901,  S39,  648. 
<  lUd.,  1902,  MO,  19. 

*  Hartley  and  Hantington,  Phil  Tram.,  1879,  Part  I.,  257. 

*  PkU.  Trans,,  1885,  Part  U.,  471. 

*  Gadamer  and  Ziegenbein,  Areh,  Pharm.,  1902,  MO,  81. 
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Fig.  1.— Morphine, 

{In  alcokolie  tolvtion). 

The  citrte  of  codeine  U  identical 
with  this  {see  also  Hartley^ 
loc.  cit.). 
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modifications  would  produce  an  appreciable  effect  on  the  spectra 
of  compounds  of  low  molecular  weight.  Corydaline,  tetrahydrober- 
berine,  and  their  derivatives  afford  instances  in  which  the  replacement 
of  2(OCH3)  by  CH3O2  does  not  markedly  alter  the  spectra,  and  nar« 
cotine  and  hydrastine  furnish  an  example  in  which  the  introduction 
of  an  additional  methoxyl  group  is  unaccompanied  by  any  considerable 
effect. 

The  case  of  cinchotenine  and  cinchonine  may  be  quoted  as  another 
instai^ce.  In  cinchotenine  the  side  chain  'CH :  CHg  of  cinchonine  is 
oxidised  to  a  carboxyl  group  without  the  spectra  being  appreciably 
affected.  The  resemblance  between  the  two  series  of  spectra  is  so  close 
that  it  would  at  once  suggest  a  near  structural  relation  of  the  substances, 
even  if  we  knew  nothing  of  their  chemistry. 

The  reduction  of  closed  chain  compounds  is  accompanied  by  a  com- 
plete change  in  the  character  of  the  spectra.^  Good  illustrations  of  this 
are  afforded  by  the  widely  different  spectra  of  berberine  (fig.  9)  and  tetra- 
hydroberberine  (fig.  7),  dehydrocorydaline  (hg,  8)  and  corydaline  (fig.  6), 
papavi^rine  and  tetrahydropapaverine  (figs.  2  and  3).  There  are, 
however,  cases  in  which  partial  reduction  produces  very  little  change. 
Hydroquinine,  C2oEL%eOJ^29  ^  unquestionably  very  closely  related  to 
^uimae,  C20H24O2N2,  from  which  its  formula  only  differs  in  containing 
two  more  atoms  of  hydrogen.  The  difference  between  the  spectra  of  the 
two  substances  is  hanUy  perceptible,  and  it  is  highly  probable,  therefore, 
that  the  addition  of  the  two  atoms  of  hydrogen  is  unaccompanied  by  any 
important  change  of  structure.  The  cha^e  probably  consists  in  the 
reauction  of  the  side  chain. 

From  the  results  of  the  examination  of  more  than  thirty  alkaloids,  it 
may  be  laid  down  as  a  general  rule  that  those  which  agree  closely  in 
structore  give  similar  absorption  curves,  whilst  those  which  differ  in 
essential  points  of  structure  give  dissimilar  curves. 

This  principle  has  already  been  recognised  and  applied  in  previous 
investigations,  particularly  in  the  study  of  coloured  substances  and  dyes, 
and  it  is  probably  capable  of  extended  application  in  the  case  of  the  alka- 
loids, as  most  of  these  compounds  have  a  high  molecular  weight,  and 
changes  may  be  effected  in  their  molecules  without  alteration  ci  the 
spectra  which,  in  substances  of  lower  molecular  weight,  would  be  attended 
by  wide  differences.  The  essential  identity  qi  constitution  subsisting 
between  two  alkaloids  can  often  be  detected  by  the  spectroscope  in  spite 
of  diffei^ences  of  structure.  Cinchonine  and  cinchotenine  give  prswoti- 
cally  identical  curves,  whereas  styrolene  and  benzoic  acid,  which  differ  in 
tile  same  way,  give  very  different  curves.  If,  therefore,  an  alkaloid 
of.  unknown  constitution  is  found  to  give  spectra  closely  resembling 
those  o£  an  alkaloid  of  known  •constitution,  it  may  with  great  pro-, 
bability  be  inferred  that  the  two  only  differ  in  the  details  of  tiieir, 
structure. 

The  systematic  study  of  absorption  spectra  is  of  real  practical  value 
in  the  investigation  of  the  alkaloids,  and  may  often  be  the  means  of  saving 
much  time  and  labour  in  their  chemical  investigation,  especially  in 
dealing  with  a  large  number  of  closely  related  compounds. 


*  Hartley,  Ckem,  Soc.  Tram,,  1885,  47,  691,  and  PhiL  Trans.,  1885;  also  Hartley 
and  Debbie,  Ch^n.  8oe.  Tram,,  1900,  T7,  846. 
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EonperimefUal  DetaUa. 

Tor  the  speciinens  of  the  opium  alkaloids,  including  gnosoopine,  we 
are  indebted  to  the  kindness  of  Messrs.  T.  and  H.  Smith,  of  Edinburgh^ 
and  for  the  specimens  of  oxyhydrastinine  and  a»-aminoethylpiperonyl- 
carboxylic  anhydride,  to  Professor  W.  H.  Perkin,  jun.  The  specimens 
of  inactive  and  artificial  corydaline,  corybulbine,  tetrahydroberberine, 
tetrahydropapaverine,  dehydrocorydaline,  corydic  and  berberidic  acids, 
corydaldine,  and  hydrastinine  were  prepared  in  the  laboratory  of  the 
University  College  of  North  Wales,  Bangor ;  and  our  best  thanks  are 
due  to  Messrs.  C.  E.  Tinkler,  K.  S.  Caldwell,  and  Ed.  Jones  for  assist- 
ing in  the  preparation  of  some  of  these  substances,  and  to  Mr.  C.  P. 
Finn  for  assisting  in  photographing  the  speotra.  The  remaining  alka- 
loids were  obtained  by  purchase.  In  every  case  the  specimens  were 
tested  as  to  their  purity,  and,  where  necessary,  subjected  to  purifica- 
tion. Whenever  possible,  specimens  were  obtained  from  at  least  twa 
distinct  sources,  and  several  independent  examinations  were  made  of  each 
specimen. 

In  photographing  the  spectra  and  in  representing  them  graphically, 
owing  to  the  slight  solubility  of  some  of  the  substances  examinee^  it  was 
not  always  possible  to  get  a  solution  of  1/100,  and  thicker  layers  of  a 
more  dilute  solution  had  to  be  employed.  In  such  cases,  for  convenience 
of  reference,  25  mm.  of  a  solution  of  1  /500  have  been  plotted  as  equi- 
valent to  5  mm.  of  a  solution  of  1/100.  Except  in  the  case  of  hydrastine^ 
all  the  curves  are  drawn  to  the  same  scale.  The  position  of  the  trans- 
mitted portions  of  the  spectra  and  of  the  absorption  band  have  been 
marked  on  one  of  the  curves  (fig.  3). 

We  may  remark  that  it  is  difficult  by  means  of  curves  to  give  a  proper 
representation  of  the  photographs,  it  being  found  impracticable  tx> 
adequately  represent  differences  of  intensity  as  well  as  extent  of  absorp- 
tion upon  which  the  similarity  or  difference  between  two  series  of  spectra 
often  to  a  large  extent  depends. 

By  far  the  most  satisfactory  comparison  is  that  which  is  made  by  the 
actual  inspection  of  the  photc^raphis.  When  reasonable  care  is  taken 
to  work  under  similar  conditions,  the  results  are  remarkably  constant. 
We  have  never  discovered  any  discrepancy  between  the  photographs  of 
the  same  preparation,  even  when  taken  by  different  operators  at  wide 
intervals  of  time.  Hartley  having  worked  in  1882  and  again  in  1884 
with  constant  weights  and  not  with  molecular  quantities  of  the  alkaloids, 
it  was  found  necessary,  for  purposes  of  comparison,  to  repeat  the  exami- 
nation of  a  few  of  the  alkaloids  which  he  had  previously  examined.  In 
so  far  as  it  is  possible  in  such  cases  to  compare  the  results,  they  show 
remarkably  close  agreement. 
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Papatsbivb.^ 
C^HjjNO^.    M,P.14e^. 

Solution  in  AkakoL 
(Fig.  2.) 


Detoripikm  of  Speoimm 


5,  4,  and  3 
laxid2 


5,4.8 
2 

1 


1  miUigrafn'molijevle  in  100  cuf. 

Spectrum  oontinaouf  to 
»f  »» 

1  miUigram'VMleeule  in  500  ex. 
Spectrum  continaoiiB  to 


AJkiorptianhamd    . 
Spectrum  continaooB  to 

lit  Absorption  ha/nd 

Weak  spectram  truBmitted  from  8295  to 


1  milUffnm-molecule  in  2,500  ex. 
Spectrun  continaoas  to 


2988 
2982 


2998 
2998 

to 

8295  to  3328 
2998 

toSS96 
8354 


3404 
8854 


8854 


8885 
SSS5to808i 

3085  to  3005 

8385 
8S8ito80S5 

3035  to  2981 


2nd  Ahiorption  band     . 

Spectrum  oontinooiiB  to 

2nd  Absorption  band 

Yerf  weak  spectrom  from  4321  to 


8956 

3956 

8966  to  4555 

4038 

408$to48Sl 

4656 


2528 

2528 

SfS8totl96 

2476 

i476toS8H 

2148 


1  mUUgram^moUeule  in  12,500  ex. 


1             5 

4038 

2476 

1 

2nd  AbsorpH^  band     .... 
Yeiy  weak  spectrom  from  4321  to 

46S8to48Sl 

2476  to  2814 

j 

4656 

2148 

4 

Speotrom  continnoas  to        # 

4088 

2476 

i 

^nd  Absorption  band     .... 

4088  to  4821 

2476  to  2814 

1 

Weak  spectrum  from  4821  to 

4656 

2148 

i             3 

Same  as  4,  bat  with  lines  showing  in 

the  absorption  band  at      . 

4248 

2854 

2 

Spectrmn  practically  all  transmitted, 
bat  very  weak  in  position  of  ab- 
sorption band. 

i       1 

Spectrom  pnetioally  all  transmitted, 
bat  still  very  weak  in  position  of 
absorption  band. 

■  Cf.  Hartler,  mttt.  Tram.,  1886,  Fart  n.,  471. 


1903. 
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TBTRAHTDBOPAPATBRUrB. 

CjoHttNO^.    M.P,200P. 

SohUion  m  Aleokol, 
(Big.  3.) 


ThiokneMof 

Umin 
mimmeirM 


Defcripiion  of  Speoimm 


1^ 


26  and  20 
15 
10 


Sand  4 


3  and  2 


1  mUUgram^moleeuU  in  500  ox, 
Spectrnm  contlnnons  to 


Line  showing  kt    .' 
Speotram  continuous  to 
Ah$orption  hand    . 
W«ak  speotram  from  3824  to 
Spectnmi  continuons  to 
Ahsorption  band    . 
Spectrum  transmitted  from 
Spectrum  continuous  to 
Ahiorptian  band    . 
Lines  showing  at  . 


8821 


3296 
8823 
3828 


8088 
8009 
8009 
2573 
8009 
8009  to  2615 
2476 
8009 
8888  to  88i4|  8009  to  2615 


3323 
8828  to  8684 

4038 


to 


8828  to  8824 


Spectrum  transmitted  from  3824  to 

Spectrum  continuous  to 

Ab$arpti4m  band    .... 

Weak  spectrum  from  8754  to 

Same  as  2  mm. 

Lines  in  absorption  band  at  . 

1  nuUigrawi-moleouU  in  2,500  ox. 
Spectrum  practically  continuous  to 

Weak  in  position  of  absorption  band. 

Spectrum  continuous  to 

After  this,  practically  all  transmitted. 


4038 


8754.  3778, 
and  3792 

4038 

3354 

8854  to  87541 

4113 

3638  Ifc  8694 
4113 

4415 


2476 

8009 

8009  to  2615 

2663,2646, 
and  2687 

2476 

2981 

2961  to  2668 

2481 

2748fr270T 
2481 

2265 
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HTMUSTOni. 

C„Hj,NOe.    MJP.188°. 

Sokdion  in  Alcohol. 

(Fig.  4.) 


ThkfaiMtof 
lAjerin 


Detoriptum  of  Speotnim 


6,  4,  and  3 
2 


1  miUi^ram'moieeMle  in  100  cuf. 
Spectrum  transmitted  to       .       .       . 


2988 
2982 


8403 
8858 


1  wnUU^ram'WUfleeule  in  600  e^, 

Speotnim  transmitted  to 

AhiprptUm  hand 

Lines  faintly  transmitted  at 
Bpectmm  transmitted  to 

Ah$0rption  hand 

Spectmm  feebly  transmitted  from  8688  to 
Speetmm  transmitted  to 

Ahiorption  hand 

Spec^om  transmitted  from  8638  to 
Spectmm  transmitted  to 
AhiOfption  hand    . 
Spectmm  transmitted  from  •        •        • 


8046  8282 

8046to8884  3S8ttot61i 
3824  &  8886  26164^2678 

8076  8260 

8076toS6SSS860totTa 

8886  2678 

8064  8268 

8064toS6SS826StotTa 

3908  2662 

3148  8176 

8ia  to  8668  8176  to  2808 

8568  to  8926  2802  to  2547 


4 
2andl 


1  rnxUigrami'moleeule  in  2,600  ex. 

Spectmm  transmitted  to       .        .       .         3182 

Ah9orptUmh(Md 8182  to  8680|  8142 

Lines   showing   faintly  in  absorption 

bandaboQt 

Spectmm  transmitted  from  8580  to 
Spectmm  transmitted  to       .       .        . 
Still  weak  in  position  of  absorption 

band. 
Same  as  4  mm.^  bnt  faintly  transmitted 

at 

&pectrun  transmitted  to 

weak  beyond 

1  mUUgrmn^molecuk  in  12,500  ex. 

Spectnmi  transmitted  to 

line  showing  faintly  at 

Same  aiCS  msL,  with  additional  line  at 

Spectmm  aU  transmitted. 


8295 
3926 
4119 


4321 
4406 
4119 


4406 
4531 
4549 


3142 
to  2882 


8034 
2547 
2427 


2814 
2269 
2427 


2269 
2207 
2198 
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Nabootdtb.^ 
C^tt^NO^    M.P.173^ 

SohtHon  m  AteohoL 
(Fig.  6.) 


Thiokneuof 
nuUimetreB 


Description  of  Speotrom 


1^ 
\ 


' 

1  miUigram-molecnle  in  500  e.c 

25  and  20 

Spectrum  transmitted  to       .        .        . 

2938 

3404 

15  and  10 

t»               tt                     ... 

2982 

3353 

5 

»f               »»                     ... 

3077 

3249 

AUorpiiimhamd 

S077toSeS8SM0to8749 

Very  weak  spectrum  from  3638  to 

3886 

2573 

4 

Spectrum  oontinaoQS  to 

8077 

3249 

Ab§orptian  hand    ..... 

3077tosesa 

SM0to8749 

S 

Spectram  transmitted  to 

8077 

3249 

8077tosesa 

SM0to8749 

Weak  spectrum  from  8638  to 

8932 

2543 

2 

Spectrum  transmitted  to 

3148 

3177 

Ahiorptionhamd 

S148toS471 

3177  to  8881 

3296  k,  3323 

3034&3009 

1 

Spectrum  continuous  to        .        .       . 
Veryweak  in  positionof  absorption  band. 

4038 
r. 

2476 

5  and  4 

Spectrum  continuous  to        .        .       . 

4127 

2423 

8 

♦♦              t»                    .        .        • 

4127 

2423 

Very  faint  to 

4321 

2314 

2 

Spectrum  continuous  to 

4420 

2262 

Weak  beyond                ... 

4127 

2423 

I 

Spectrum  continuous  to 

4420 

2262 

Faint  to 

4555 

2195 

e. 

5tol 

Spectrum  piaoticaUy  all  tamsmitted. 

»  Hartley,  Phil.  Tram..  1885,  Part  XL,  p.  471. 
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GOBTPAUHE. 

C«H„NO,.    MJ>,135^ 

Solution  in.  Alcohol. 

(Fig.  6.) 

Thieknenof 

1 

kjerin 

Deseription  of  Spectnim 

* 

X 

mOlimetres 

1  mHUgram-moleoule  in  100  c.e. 

6, 4,  and  3 

Spectnim  ttansmitted  to 

3323 

3009 

2 

n                       >»                            •           •           . 

3323 

3009 

Lines  showing  faintly  at 

3886 

2573 

,           5 

Spectnim  transmitted  to 

3354 

2981 

AUorptionland    . 

8S54toStS4S9§lto8616 

Weak  spectnim  from  3824  to 

3999 

2500 

4 

Spectnim  transmitted  to      .       .       • 

3364 

2981 

Abior^ion  hand 

8S54toSSM|89tltoS616 

Weak  spectnim 

3824  to  4030  2615  to  2481 

3 

Same  as  4  mm.,  bat  stronger. 

2 

Spectnim  transmitted  to 

3387 

2952 

AhiorpHon  band 

sMTtosesa 

S9Mto27i8 

Spectnim  transmitted  feebly  from  3638  to 

4107 

2428 

6 

Spectmm  continuous  to        •        .        . 

Weak  beyond. 

Stall  weak  in  position  of  absorption  band. 

4128 

2425 

4 

Same  as  6  mm.,  but  somewhat  stronger. 

3 

Spectrum  continuous  to        •        «        . 

4166 

2400 

2 

♦t               ♦»                     ... 

4406 

2269 

Weak  beyond 

4123 

2426 

1 

Spectrum  continuous  to 

4528 

2208 

Weak  beyond 

4123 

2426 

1  miUiffram-moleeule  in  12,500  ex 

Spectrum  practically  al  transmitted. 

Abtificiai.  Cobtsaijhb  ahp  Ivaciiyb  Cobtdalike. 

The   spectra    of   artificial    oorydaline  and   inactive  corydaline  are 
identical  with  those  of  corydaline. 
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TRSAHTDBOBBBBBBUri. 

Cj^iNo^.  lLP.le7^ 

SoluHcn  in  Alcohol. 
(Fig.  7.) 


ThiokneMof 

1 

UTerin 
miliimetrot 

k 

1  milUgram-moUcute  in  500  ce 

26,  20,  and  16 

Speotram  oontinnons  to 

3200 

3126 

10 

»»                 fp                •       •       . 

3200 

ai25 

Line  at 

3886 

2673 

5 

Spectmm  oontinnons  to 

8246 

3080 

Ah»0rpHonhand 

8M6toS8M 

8000  to  Mil 

Weak  spectmm  from  3824  to 

4008 

2496 

4 

Spectrom  oontinaoQS  to 

3296 

3084 

Aoiorption  Mfia    •        •        •        •        • 

IS9eto87M 

80Mtoi00« 

Weak  spectram  from  8764  to 

4038 

2476 

S 

Spectram  oontinnons  to 

3296 

3034 

IS9eto87M 

80Mtoi00« 

Spectmm  continnons  from  8764  to 

4038 

2664  to  2476 

2 

Spectram  oontinnons  to 

3323 

8009 

Ah$ar]ftUmhand 

882StoS6S8 

8000toS740 

4038 

2476 

1 

Spectmm  continnons  to        •       .       . 
Very  weak  in  position  of  absorption 
band. 

1  mim^ram^oleoiae  in  2,600  eu 

4182 

2420 

6  and  4 

Spectmm  continnons  to 

Weak  in  position  of  absorption  band. 

4132 

2420 

8 

Spectmm  continnons  to 

Weak  in  position  of  absorption  band. 

4412 

2266 

Very  weak  beyond        .        •       .       . 

4132 

2420        i 

2andl 

Spectmm  continnons  to 
Very  weak  beyond. 

4412 

2266 

i 

I 

Oakaddtb. 

The  spectra  of  canadine  are  identical  with  those  of   tetrahydro- 
berberine. 
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DESIDSOOOXTHALOrB  NmUTB. 

0„H^04HN0,  -I-  2H,0. 

Apieoui  Solution. 
(Kg.  8.) 


Tbieknenof 
nuUunetoM 


Detoriplion  of  Sp«o(niiii 


5,4,3 
2 


5aiid4 
8 


6 

4 

3 
2 


4tol 


1  mittifram'moleeule  in  100  e.e. 

Speotnun  pmctioally  all  absorbed.          |  i 
Spectnim  feebly  tiaiifmittad  to    .        .  I      2162       | 

1  mUHgrajm-molscule  in  600  c,c. 
Spectmnt  transmitted  to  .1      2202 

1st  AbwrytUmhmd      .       !       !       !  2H4to2714 
Spectmm  Tery  feeblj  transmitted  from 

2714  to 2768 

Spectmm  transmitted  to  2277 

Itt  Absorption  hand      ....  2277to»67S 

Speetrom  transmitted  from  2673  to      .  2768 

1  mUUfrtm-moUoule  in  2,500  e^, 

Speotrom  oontinooos  to  2789 
Still  weak  in  position  of  absorption 

band. 

Speotrom  oontinnoiis  to        .       •       .  2789 

ind  Ahiorftian  hand     ....  278tto3282 
Speotmm  rery  feebly  transmitted  from 

8282  to 8809 

Spectrum  continnoDS  to        .        .        .  2884 

2nd  Ahtorjftion  hand 2t84to8282 

Speotrom  yery  feebly  transmitted  from  3282  to  8341 

Speotrom  transmitted  to  2884 

^dAhoorptibnhand 2t84to8148 

Lines  showing  faintly  in  the  band  of  r  2982,  3042, 

absorption  at t  and  3064 

Speotrom    feebly    transmitted    from 

3148  to 3471 


4625 


4841 

4466 

to 


3612 

4891 

4S91to8741 

3612 


3686 


3685 
8686  to  8047 

3022 

3467 
8467  to  8047 
8047  to  2993 

3467 

8467  to  8177 

3363, 3287, 

and  3264 

2881 


1  miUi^ram-moleenU  in  12,600  ex. 

Speotrom  practically  oontinooos  to 

weak  beyond 

Still  weak  In  position  of  absorption 

band. 
Speotrom  practically  all  transmitted, 

gradoally  getting  stronger. 


4405 
3471 


2270 
2881 
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BKQirr— 190aL 


BiHHuavB  Nitrate, 
CjoH„NO^.HNO,. 

Aqueous  Solution^ 
(Fig.  9.) 


TbidmeMof 

layer  in 
miUiinetres 


DeBoriplion  of  Spectnun 


5tol 


5 

4  and  8 

2 


1  mUU^ram-wtoleeule  <«  100  ex, 
I  Spectnun  practically  all  abaorfoed,  I 

1  miUigram'Wicleeule  in  500  ex. 

Spectnun  practically  all  abaorbed. 
Spectrum  transmitted  to 

tf  tt  •        •       • 

iMt  Ahsorptien  hand  .... 
Weak  spectnun  from  2163  to        • 

1  mittigrwn-^noleeule  in  2,500  e,e, 

Spectnun  continnoas  to  .  .  . 
Still  weak  in  position  of  Ist  absorption 

band. 
tnd  Ahiorftion  band     .... 
Spectnun    feebly    transmitted    from 

3295  to 

l^eotram  continnons  to  .  .  . 
2nd  Ahmfrption  band  .... 
Spectmm    feebly    transmitted    from 

8295  to       .    .    .        .        •        • 
Speotram  transmitted  to 
^id  Absorption  band     .... 
Spectmm    feebly    transmitted    from 

3148  to 

^wotnun  transmitted  to 

2nd  Absorption  band     .... 

lines  showing  faintly  in  absorption  / 

bai^at { 

Spectnun    feebly    transmitted    from 

3148  to 


2162 

2162 

21^toM6S 

2673 


2714 


8714  to  8185 


2768 
8788  to  8885 

8354 

2768 

8768  to  8148 

3354 

2768 

8788  to  8148 

2982,  3042, 

and  3064 

3638 


4tol 


1  mUliifram-moleoule  in  12,500  ox. 

Spectnun  practically  oontinnoiis  to 

Weak  beyond 

Still  weak  in  position  of  absorption 

band. 
Lines  showing  faintly  at       .       .        . 
Spectnun   practically  all  transmitted 

and  gradually  getting  stronger. 


4405 
3638 


4533 


4625 

4625 

4885  to  4060 

3741 


3684 


8684  to  8084 

3009 

3612 

8618  to  8084 

2981 

3612 

8618  to  8178 

2981 

3612 

8618  to  8178 

3353,8287, 

and  3263 

2748 


2270 
2748 


2206 
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GoxTBio  Acn», 
0,4H,N(00H,),(002H),  +  fH;a    MJ».218». 

Aqueotti  Sohdian. 
(Fig.  10.) 


Thickness  of 

1 

Uyer  in 
xniDimeires 

Desoripiion  of  Speotnim 

X 

1  miUigram-molecule  in  100  e.e. 

Sand  4 

Spectrom  oontinnoos  to        •       .       . 

2244 

4456 

3and2 

M                                   M                                  •                .                . 

2278 

4399 

5to2 

Spectrum  continaons  to        •       •        . 

2354     , 

I       4248 

^ 

Speotnim  oontiDnoos  to       •       .        . 

2508 

3987 

Adiorption  hand 

2508  to  SMS 

8987  to  8858 

Speotmm  feebly  transmitted  from  2982 

to 

3323 

3009 

4 

Speotmm  transmitted  to 

2508 

3987 

Abtetyfium  hand 

2508  to  SMS 

8887  to  8858 

SpeotovBi  transmitted  from  2982  to 

3323 

3009 

Very  feeble  prolongation  to  . 

3886 

2573 

3 

Speotnim  continnons  to       .        .        . 

2508 

3987 

Ahsofjdion  hand    .        • 

S508toS884 

8887  to  8467 

2884  to 

4408 

2267 

2 

Yecy  weak  in  position  of  absorption 
band. 

4408 

2267 

1 

Spectmm  practically  all  transmitted, 
bnt  stiU  weak  towards  the  end. 

e. 

5tol 

Same  as  1  mm.  above,  but  gradnally 
getting  stronger. 
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REPOBT — 1908. 


Bebbsbidxo  Acid. 
0„H,N(0H,O,)(0O,H),.    M.P.286^ 

(Fig.  11.) 


ThieknMS  of 

lft^«r  in 
millimetees 


Detoription  of  SpMlrom 


1  miUiffTtmrmaUenle  ^  100  ex. 
5,  4,  and  3'     I  Speotrnm  oontinnoiis  to         .       .       .  i 

^  tt  M  •  •  . 


5 

a  and  4 

2 


5tol 


1  milUgfwi^wufleeuU  in  500  c,o. 
Spectrom  oontinnoos  to        .       •       . 


Ahwrptidn  land    •       .       •        . 
Weak  speotrnm  from  .2982  to 

1  m/UHgram-moUcuU  in  2^600  e,e. 
Spectrom  oontinnons  td        .       .        . 
Ah$orpHan  hand    .        .        •        •        • 
Weak  spectrom  from  2982  to 
Spectrom  oontinnoos  to     '    . 

Ahiarptitm  haa^ 

Weak  spectrom  from  2982  to 
Speotrom  oontinnoos  to 
Ah$arfti4mhamd    .       .       • 
A  few  lines  showing  in  ,the  absorption 

band. 
Spectrom  oontinnoos  from  2884  to 
Weak  beyond        •       •       •       •       • 
Spectrom  oontinnoos  to       •       •       . 
Weak  in  position  of  absorption  band, 

and  beyond 

Spectrom  practically  all  transmitted, 

bot  stm  weak. 

1  milU^nm^molecule  in  12,500  c.e. 
Same  as  1  mm.  of  last  plate,  bot  grado 
ally  getting  stronger. 


2157 
2207 

2276 
2808 
2354 
SIMtoMiSi 

3148 

2508 
2508 to 

8328 

2508 
t508to298S{ 

3323 

2508 
t508toitS4 


3872 
3872 
4414 

8872 


4838 
4531 

4393 

4342 

4248 

4M8toS858 

3176 

8987 
S887toS8i8 

3009 

3987 
$987  to  1818 

3009 

3987 
8987  to  8467 


2582 
2582 
2266 

2582 
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VnATKio  Aoio. 
G,H,(00H,),0O,H. + SH,0.    JLP.  17»-180». 

Sohttiom  in  AkokoL 
(Fig.  18.) 


ThiekneMof 

1 

km  in 
mflonetres 

DMoc^lkm  of  SpMlmm 

K 

5to2 

Speotrom  continQons  to 

8191              8184 

1 

H                                   f»                           .              .              • 

8191              8184 

Yerj  Ikint  pioloDgmtioii  to    . 

3246              8060 

4Mid6 

Speotnmi  contlniioas  to 

3246 

8060 

8 

•t                                       M                              •               •                • 

8296 

8084 

<ffftorjpfnwi  Miui    •       •        .       •        . 

8S96to4i80 

8084  to  8864 

Weak  qteotmm  from  4230  to 

4821 

2814 

4821 

2814 

2 

8823 

3009 

l9t  Ahwrftum  Uund      .... 

8828  to  8581 

8000  to  8840 

Very  faint  fpeotnim  from  3621  to 

3688 

2749 

SUtf  A.09BTJft%O%  OOMm       «... 

8688to4M0 

2748  to  8858 

WMk  ipectnim  from  4240  to 

4321 

2314 

1 

Spectnun  tnuinnittad  to 

3354 

2981 

x9w  ^M-V^r^VVvV^  wWKIw            .              •               •              • 

88Mto8471 

8881  to  8981 

Waak  tpeotram  from  8471  to 

8694 

2707 

2ndAh§orpH(mhmd     .       .       .        . 

8684  to  4106 

8707  to  9485 

4407 

2269 

6 

3364       1       2981 

8854toM7l'i»61to2881 

Speotmm  from  8471  to  . 

8694       1       2707 

tndAb$orytioniand     .        .       .       . 

8684  to  4106  8707  to  9485 

Weak  speotrom  from  4106  to 

4407       i       2269 

4 

Speotnmi  tranmitted  to 

Very  weak  in  podtion  of  1st  absorp- 

3694      !       2707 

tion  band. 

86Mto410»8707to9485 

Weak  speotrom  from  4106  to 

4407 

2269 

8 

Spectmm  practioaUj  oontiniioiis  to 
Weak  in  position  of  abaorption  band. 

8886 

2673 

8866  to  4106  2578  to  8485 

Lines  showing  faint^  in  2nd  abiorp- 1 
tion  band  at       ....       t 

4018,4088,;  2488,2476, 

and  3994 

and  2604 

Weak  speotmm  from  4106  to 

4407 

2269 

% 

Spectmm  transmitted  to 

Very  weak  inpbsiticm  of  2nd  absorp- 

4407 

2269 

tion  band. 

' 

Spectrum  all  transmitted. 
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PlPSBOITTLIO  AOID. 

CcH,(CH,OjJ0OjH,    MJ».226^ 

Soiution  in  Alcohol. 
(Fig.  13.) 


ThiekneMof 

Uyerin 
milliiiMtret 

DMoription  of  spectmm 

1 
K 

A 

1  mUUgram-moleeule  in  600  (7.c. 

25,90,15andip 

Spectrum  continnous  to 

3148 

3177 

6 

H                                f>                                     ... 

3191 

3134 

Lines  at 

3638»  4230, 

2749,  2364, 

and  4800 

and  2326 

4 

Qpeotnun  continaons  to 

3191 

3134 

Lines  at 

8860,3630, 

2809,2766» 

4230&4350 

2364  4^2299 

3 

Speotnun  oontinnons  to 

3191 

3134 

UtAikitnrptionhand      .... 

8191  to  8690 

8184  to  9840 

Weak  spectmm  from  8520  to 

8630 

2766 

2nd  dbtorptioH  band      .... 

8680  to  4109 

9766  to  9489 

Weak  spectrnm  from  4102  to 

4402 

2272 

Spectmm  oontinnons  to        .        .        . 

3191 

8184 

lit  Ahtorpti4m  band       .... 

8191  to  8471 

8184  to  9881 

Weak  spectmm  from  3471  to 

3678 

2719 

2nd  Ab$0rption  band     .... 

8678to4008 

9719  to  9440 

Weak  spectmm  from  4098  to 

4402 

2272 

1 

Spectmm  continnons  to        .        • 
Weak  in  position  of  Ist  absorption  band. 
Very  weak  in  position  of  2nd  absorption 
band. 

4402    . 

2272 

6and4 

3 
2andl 


1  miUipwn-moletmle  in  2*600  e.e, 
Spectmm  continuous  to       •       •       • 
Weak  in  position  of  1st  absorption  band 
n  •»  2nd         ff  ,t 

Continnons  to 

Still  weak  in  position  of  absorption  band. 
Spectmm  practically  continnons. 


4402 


4402 


2272 


2272 
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COBTDALBDTB. 

0^»H^O(OCH^.    MJ^.176r 
Aqueoui  Solution. 
(Fig.  H.) 


Thickness  of 

layer  in 
millimetres 

Desoripiion  of  Specimm 

1 

X 

X 

5tol         1 

Bpectmin  transmitted  to               .        . 
1  miUiifram'moUoule  inSOO  e.e. 

3064       [ 

3264 

'              ^ 

Spectmm  oontinnoQS  to 

3064 

8264 

1 

Linee  fainUj  transmitted      . 

3148 

3177 

4  and  3 

Spectrum  transmitted  to 

3148 

8177 

2 

t>                     w                    ... 

3148 

3177 

AhtorfHon  hand 

SliS  to  MM  3177  tosses 

Very  feeble  spectrum  from  3494  to 

3638 

2749 

1  miUigram-moleeule  in  2,500  e,e 

5 

Spectrum  continuous  to 

8182 

3143 

AUorptimhand 

81SStoS4SS 

31iStoSS7S 

1 

Lines  showing  faintly  in  band 

3295^3323 

3036  &  3009 

I 

Very  feeble  spectrum  from  3482  to 

3638 

2749 

Lines  faintly  transmitted      , 

4U0&4124 

2433^2425 

4 

Spectrum  practically  continuous  to 

4321 

2314 

Very  weak  beyond                .       .       . 

3638 

2749 

Very  weak  in  position  of  fibsorption 

band. 

3 

Same  as  4  m.m.  but  stronger. 
Band  stUl  perceptible. 

2aiidl 

Spectrum  transmitted  to       .       . 

4412 

2266 

Stm  weak  beyond 

3638 

2749 

\ 

5 

Spectrum  continuous  to        •       •       . 

4533 

2206 

4 

M                              ft                                           •               •               • 

4666 

2148 

3»  2,  and  1 

Spectrum  practically  all  transmitted. 
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i#-A]fIK01THTLPIPBBOirTLOABBOXTLIO  AkHTBBIDB. 

C^H,NO(CHjjOjJ.    M.P.  181-182^ 

SohUioH  m  AkokoL 
(Fig.  15.) 


ThSekneeBof 

Iftyerin 
mOliiiMtrea 


Desoripiion  of  Spectram 


1^ 
X 


4 
3 
2 

5,4,3 
2 


4aiid8 


1  mUHgrmm-moldeule  in  100  c,c. 
Spectrum  ooniiniioiif  to 
Lines  showing  at  .... 
Speotnun  oontinnons  to 


1  miUigram-^itoideule  in  500  ce. 
Speotmm  transmitted  to 


2884 
2982 


8002 
8064 

3064 

8148 

3148toS621 

3638 


5tol 


Absorption  band    .        .        •        , 
Weak  spectrum  from  3521  to 

1  mUUffram-moleeule  in  2,500  c,o. 
Spectram  oontinnoQS  to        .  .         3148 

AbiOfjitionband 8148to8471 

Lines    faintly  transmitted  in  ab8orp< 

tionbandat 3295&3323 

Weak  speotram  from  8471  to        •  8886 

lines  faintly  transmitted  at         .        .   4111  &  4180 
Spectrnm  piaotically  transmitted  to     .         4321 

Weak  beyond 8688 

Position  of  absoipticm  band  still  clearly 

perceptible. 
Spectram  transmitted  to 

n  n  •         •         • 

1  miUi^am'moleeuU  in  12,500  ce. 
Spectrum  practically  all  transmitted,     i 


4412 
4656 


3467 
8863 
3353 
3831 
M64 

3264 

3in 

8177  to  2840 
2749 

3177 
8177  to  2881 

3035&3009 
2573 
2432 
2314 
2749 


2266 
2148 
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HTBEAtmriirB. 

8oUai<mmAlcoM. 
(Fig.  16.) 


Thieknttgoi 

lajer  in 
millimetret 


Detoripiioo  of  8p«otnim 


26, 90,  and  15 


10 


8aiid2 


1  milU0rajm-wisi4euls  in  ffOO  e,e, 

Speolnim  tiuimit^ed  to 

IH  Ai§0rptUm  ^and 

Weak  speotnun  tiaiiBmitted  from  2898 

to 

Spectmm  tmifiiiitted  to 

Faint  prolongatSon  to   . 

UtAUorpHonhani 

Waak  speotnun  tranimitted  from  2884 

to 

Speotnun  transmitted  to      .  . 

Weak  in  position  of  1st  absorption  band 
%HdAUorptionh€md  .... 
Weak  speotnun  transmitted  from  3638 

to       ......        , 

Speotnun  transmitted  to 

^ndAhmrptUmhtmd 

Weak  speotnun  transmitted  from 

to 

Speotnun  transmitted  to 

%ndAh$ofptia%hand 

Weak  speotnun  transmitted  from  8638 

to       ^       ,.       *.       . 
line  in  absorption  band  at  . 
Speotnun  tnuismitted  to 
2mdAhmrptionhand     . 
Speotnun  transmitted  from  8621  to 
Ml  Ahiorotion  band     .... 
Very  weak  neotmm  transmitted  from 

4114  to 

1  milUfram  noleeule  im  2,600  euf. 

Speotnun  transmitted  to  .  .  . 
Still  weak  in  position  of  2nd  absorption 

band. 
drdAhterptiamhand     . 
Speotnun  transmitted  from  4114  to 
Speotnun  transmitted  to 
ird  Ahiorptian  hand 
Speotnun  transmitted  from  4114  to 
Speotnun  transmitted  to 
Weak  in  position   of  8rd   absorption 

band. 
Speotnun  all  transmitted. 


2602 
2MMItoti9t 

8148 

2602 

2642 

264tto2H4 

8148 
3148 


8148  to 


3824 

3296 

8296  to  8688 

8824 

3296 

8296  to  8688 

3824 

3668 

8296 
8296to8621 

3824 
8824to4114 

4420 


8997 
8297  to  8469 

8177 

8997 

8984 

8984  to  8467 

8467 
3177 

8177  to  1740 

2616 

8034 

8084  to  2748 

2615 

'3084 

8084  to  2749 

2616 


8896  to  4114 
4666 


8896  to  4114 
4666 
4666 


8034 
8084  to  2840 

2615 
2616  to  9481 

2262 


2678 


2678  to  9481 

2196 

2673 
2678  to  9481 

2196 
2148 
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OZTHTBBABtnmrB. 

C,oH,NO(OH,0^.    BLP.97-98». 

SoMhn  in  Alcohol, 
(Mg.  17.) 


Thickness  of 

IftTerin 
millimetres 

Description  oC  Speotram 

1 

A 

6tol        1 

Speotnun  contiiraoiis  to 

1  maH^ram-maecule  in  600  e.e. 

3064      1 

3264 

5 

Spectrum  transmitted  to       • 

3064 

3264 

i 

H                »•                      ... 

3064 

3264 

LinefainUjtnmsmittedat   . 

3568 

2803 

3 

Spectmm  trmnsmitted  to 

8064 

3264 

S0S4toS6Sl 

3964toS840 

Speotrun  feebly  tnmsmitted  from  3621 

to 

3638 

2749 

2 

Spectmm  trammitted  to 

3148 

3177 

81i8toS4aS 

8177to287S 

Weak  spectrum  from  3482  to 

3638 

2749 

. 

5 

Spectrum  continuous  to 

8148 

3177 

Absorption  band 

3148  to  8482 

81Trto8872 

Spaetrnm  transmitted  from  3482  to      . 

4321 

2314 

Yeiy  weak  beyond         .... 

3638 

2749 

lines  showing  feebly  in  bands  at 

3295ft3323 

3035&3009 

4 

Spectrum  practically  transmitted  to     . 
Weak  towards  end  and  in  the  position 
of  absorption  band. 

4321 

2314 

3 

Same  as  4  mm.,  but  stronger. 

2 

Speetnmi  transmitted  to      •  ..  • 

4406 

2269 

5 

Spectrum  continuous  to        •  ,     • 
Weak  towards  end^ 

4655 

2195 

4tol 

Spectrum  practically  all  transmitted 
and  getting  stronger. 
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QUINIKB.^ 

C^H^N^,.    M.P.  172-178° 

Solution  m  Alcohol, 
(Fig.  18.) 


Thickness  of  . 

1 

U^r  in 

Desoription  of  Speoimm 

X 

miUunetres 

X 

1 

1  miUigram-moUeule  in  100  o,c. 

5 

Spectram  transmitted  to       •       •        . 

2802             3569 

4,  3,  and  2 

»»                ft                    ... 
1  rnxUigram-molecuU  in  600  o,e. 

2884             3467 

5 

Spectrum  transmitted  to       .        .        .  . 

2906 

3442 

4 

tt                 »»                   .        •        • 

2938 

8403 

Ut  Abtorption  hemd       .... 

2988  to  8800 

8408to8080 

Weak  speotnim  from  3300  to 

3330 

3003 

2nd  Ahtorjftion  hand     .... 

8380to8887 

8008to8606 

Very  weak  speotnim  from  8837  to 

8890 

2670 

3 

Spectrum  transmitted  to       .        .        . 

2938 

3403 

lit  AhsorptUm  hand      .... 

MS8to8800 

8408  to  8080 

Spectrum  from  3300  to . 

3360 

2985 

2nd  Ahmfrptioa  hand     .... 

8360  to  8887 

3980  to  8606 

2 

Spectrum  transmitted  from  3837  to 

2938 

3404 

lit  AhsorpHon  hand      .... 

2988to8S96 

8404  to  8036 

Lines  faintly  showing  where  the  2nd  f 
absorption  band  occurred  .        .        \ 

2982,  3046, 

3353,  3282, 

3295&3923 

3036&2649 

1 

1  miUigram-molecHle  in  2,500  ox 

f. 

1             5 

Spectrum  transmitted  to       .        .        . 

4006       !       2496 

Weak  in  position    of    1st   absorption 

band. 

1                       f 

4.  3,  2 

1 

Spectrum  transmitted  to       .        .        . 
Weak  transmission  in  position  of  Ist 
absorption  band. 

4038 

2476        ] 

1 

Spectrum  practically  all  transmitted, 

but  weak  beyond. 

4038 

2476 

QUIKIDIITB^  AND  CiTPKBIKS. 

The  Spectra  of  quinidine  and  cupreine  are  identical  with  those  of 
quinine. 

HTDBoqmiaiTB. 

The  spectra  of  hydroquinine  reeembled  those  of  quinine  so  closely  that 
bo  separate  curve  was  drawn. 

»  Hartley,  Phil.  Transit  1886,  Part  II.,  p.  47L  •  Hartley,  loc.  cit. 

1903. 
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CiNCHONINE.* 

Ci9ti.,,^20.    M.P.  255-255^^0, 

Solution  in  Alcohol, 
(Fig.  19.) 


Thickness  of 

layer  in 
millimetres 

Description  of  Spectrum 

1 

X 

1  milligram-molecule  in  500  c.r. 

26,  20,  15 

Spectrum  tran6mitt€d  to       .        .        . 

3076 

3251 

10 

»»                  If                   .        .        • 

3118 

3207 

5 

>f                   i»                   •.       •        * 

3148 

3177 

Lraes  showing  feebly  at        .        .        . 

4117  &  4130 

2429  &  2421 

4iiDd3 

Spectrum  transmitted  to       .        .        . 

3148 

3177 

Absorption  bantl            .... 

S14t  to  3886  3177  to  2573 

1 

Very  weak  spectrum  transmitted  from 

3S86to 

4130 

2421 

2 

Speetntm  transmitted  to 

3148 

3177 

Absorption  band 

8148  to  3824 

3177  to  2615 

Weak  spectrum  transmitted  from  3824  to 

4175 

2395 

Line  feebly  transmitted  in  absorption 

band 

3295 

3035 

1  miUtgram-molecnU  in  2»500  e,c 

5 

Spectrum  transmitted  to        .        .        . 
Weak  in  position  of  absorption  band. 

4175 

2395 

4  and  3 

Spectrum  transmitted  to        .        •        . 
Weak  in  position  of  absorption  band. 

4250 

2353 

2 

Spectrum  transmitted  to       .        .        . 

4250 

2353 

1 

tf                  >»                   ... 
1  mtUi^ram-moigrule  in  12,600  ek! 

4418 

2263 

4tol 

Spectnim  all  transmitted                         ^ 

ClXCHOKIMlfE.- 

CpH,>..N,0.    M.P.  202^, 

ttfe  ^l^Witra  of  cinclionidine  are  identical  t^Jth  ttosse  of  dneiioiiihev 

^  Hartley,  PkU.  Trans.,  1885,  Part  \     p.  471.  «  Hartley,  ioe.  H 
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llucWesa  dl 
layer  in 


Morphine.^ 
€„II,,N03  +  H,0. 

Sobtttoji  in  Alcohol, 
(Fig.  !.)_ 

Description  of  Specirnm 


5  and  4 
3 


3  and  2 


4,  3,  and  2 


in  500  c.c. 


1  wllligram-molecnle  in  100  c.c. 
Spectrum  continaous  to 

»i  )» 

Line  bhowing  faintly  at 
Spectrum  continuous  to 
Mfsorjfthii  band 
Lines  showing  faintly  at 

1  milliffrani- molecule 

Spectrum  continuous  to 

Abforpiion  band     . 

Weak  spectrum  from  3G.38  to 

Spectrum  continuous  to 

Ahsorpiioit  band     , 

Lines  faintly   transmitted   in   absorp- 
tion band  at       ...        . 

Spectrum  continuous  from  3668  to 

Spectrum  practically  transmitted  to 

But    still    very  weak  in    position    of  ] 
absorption  band.  j 

1  niilligrafn-vwlecvlc  in  2,500  c.c. 
Spectrum  continuous  to 
Very  weak  beyond 
Spectrum  continuous  to 
Very  weak  beyond 
Spectrum  all  transmitted 


3323 

3009 

3323 

3009 

3824 

2015 

3354 

if981 

3S54  to  3758  2981  to  2664 

3$24&3886 

2616  &:  2573 

3354 

2981 

3354  to  3688  2981  to  27^ 

3886 

2573 

3354 

2981 

3354  to  3638  2981  to  2749 

3471^:3566 

2881&280S 

3886 

2573 

3926 

2547 

4320 
3886 
4414 
3886 


2315 
2573 
2265 
2573 


Codeine.^ 
C,,H,i^O,.    M.P.  15.3^-5. 

The  spectra  of  codeine  are  nearly  identical  with  those  of  morphine. 

*  Eariley,  Phil,  Tranf. J  188.>,  Part  II.,  p.  471.  ^  Hartley,  loc.  cit. 

M2 
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OOBTBULBINE. 

C,,H,,NO,.    M.P.  223-226^. 

Solution  in  Alcohol, 
(Fig.  20.) 


Thicknesd  of 

layer  in 
millimetres 


DescripUen  of  Speoimm 


50,  40,  and  30 

20 

10  ^nd  8 


6 
4 

5  and  4 

3 
2 


5 
4  to  1 


1  mUUgrofK-molecHle  in  1,000  c.c. 
Spectrom  transmitted  to 


AhMTjftion  band    .        .    *  . 
Rather  feeble  spectrom  from  3H16  to 
St^ctrnm  transmitted  to 
Absorption  band    .... 
Spectrum  f esbl  j  transmitted  from  37 10  to 
Spectrum  transmitted  to       .        • 
Absorption  band    .... 
Weak  spectrum  from  3638  to 


3296 

3323 

8323 
8328  to  8816 

4017 

3334 
8884  to  3740 

4028 

8334 
3334to3683 

4104 


1  miUiffram-fnolecule  in  2,500  c.c. 

Spectrum  transmitted  to        .  4117 

Very  weak  in  position  of  absorption 

band. 
Spectrum  transmitted  to       .        .        .  4403 

Very  weak  beyond  4117 

Same  as  8  mm.,  with  additional  line 

showing  at 4495 

1  mUligram-vvoUeHle  in  12,500  o.o. 

Spectrum  transmitted  to       .        .        .  i       4549 
Spectrum  all  transmitted. 


3083 

3009 

3009 
8009to2681 

2489 

2999 
2899to3673 

2482 

2999 
2899toS748 

2436 


2428 


2271 
2428 

2224 


2198 


ThickneBs  of 

layer  in 
millimetres 


2d 
20atldl$ 
10 
5 
4 
3  and  2 


BtrLBocArNiN. 
C|„H„NO,.    M.P.20r 

Solution  in  Alcohol, 
(Fig.  21.) 


Description  of  Spectrum 

' 

1 
A 

X 

1  milligram-moleoule  in 

600<».c. 

Spectrum  continuotls  to 

.        •  1 

2938 

3403 

»»               >»                    » 

.  i 

2982 

8353 

i*                      »♦ 

8013 

3318 

f)                      ».                              » 

» 

3064 

3263 

i»                       »» 

3064 

3263 

>*                       »»                             • 

« 

3076 

3260 
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Thickness  of    t 

layer  in 
nulUmetres 


Description  of  Spectrnm 


1  miUigrami'VioUculti  in  2.500  e,o, 

I  Speotmm  continuous  to  , 
I  Abwrjftion  hand  .  ,  , 
!  Very  weak  spectrum  from  3886  to 

Spectrum  continuous  to 

A  bsorjftiun  band    . 

Spectrum  from  8886  to  . 

Lines  in  absorption  band  feebly  shown  ( 
!      at       ....        . 
;  Spectrum  oontinuoug  to 
I  Abtorption  band 

Weak  spectrum  from  8824  to 

Spectrum  practically  continuous  to 

Weak  in  position  of  absorption  band.      * 
,  Spectrum  practically  transmitted  to     .  • 

1  miUigram'molecule  in  12,500  c.o, 
\  Spectrum  all  transmitted.  I 


3521 

2840 

8521to38S6  2a40to2673 

4038 

2476 

3521 

2840 

352Uo3886  2840to2673 

4128 

2422 

35G8,  3638, 

2802,  2748, 

and  3824 

and  2615 

3638 

2748 

3638  to  3824 

2748to2615 

4128 

2422 

3824 

2615 

4B5C 


2147 


Nabobike.*    ' 
0,3H3,NO,  +  3H30.    M.P.  145°. 

Solution  in  Alcohol, 
(Fig.  22.) 


1    Thickness  of 
'        layer  in 
i     millimetreB 

Desoription  of  Spectrum 

1 

A 

i      . 

1  milligrani'moleoule  in  500  c.e. 

26 
20  and  15 
i      10  and  5 
1            4 
3  and  2 

Spectrum  continuous  to         .        .        . 
If               i»                      ... 

»»                         w                                   ... 

»>                f»                       ... 

1            If                  >l                          ... 

1  miUiifram-fnolecvle  in  2,500  c.c 

,       3002 

:;o76 

3148 
3191 
3323 

3331 
3251 
3177 
3134 
3001) 

6  and  4 
3 
2 

1  Spectrum  transmitted  to       .        .        . 

But  very  weak  beyond. 

Spectrum  transmitted  to       •        .        . 

Very  weak  beyond. 
;  Spectrum  transmitted  to       .        .        . 
I  Veiy  weak  beyond. 

1  miUi^ram-molecule  in  12,500  ex 

3886 
4123 
4411 

2573 
2425 

2267 

6 
4  and  3 
2andl 

Spectrum  continuous  to 
Very  weak  beyond         .... 
Spectrum  transmitted  to       .        .        . 
Very  weak  beyond         .... 
Spectrum  practically  all  transmitted. 

4536 
4411 
4555 
4411 

2204 
l>267 
2195 
2267 

»  llVil§7,  f^Ul.  Trans.,  1885,  fa^-t  If.,  p.  47l,Digitized  by  LjOOglc 
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The  Absorption  Spectra  of  Laitdanine  and  Laudanosine  in  Relation  to^ 
ilieir  Constitution}    By  James  J.  Dobbie,  i>.*Vc.,  M.A.^  and  Alexander 
Lauder,  B,Sc. 

It  has  been  shown  that  alkaloids  which  only  differ  from  one  another  - 
in  minor  details  of  structure  give  similar  absorption  curves,  whilst  those 
which  differ  widely  in  structure  give  correspondingly  different  series  of 
spectra.     So  far,  no  case  has  yet  b»*en  encountered  in  which  two  substances 


Fig.  23.— Laudanosine, 

C,,H.,.0,N. 
{In  alcoholic  solution.^ 


Fig.  24.— Laudanine, 
{In  alcoholic  solution,) 

Scale  of  oscillation-frequfneirs. 


M  *  m        r   f   »4H 

ii    1   ■   4   1   «   r 

^    Ci- 

::' '    J  :: 

3  : 

i^: 

t   ^ 

^   "t^A 

T^^± 

-        J 

:     r_  _ 

U' 

•_ 

I 

=.^^ 

•^ 

***'*4^ 

^w 

i 

•2    "" 


i   *   •    *    7    i    fl  44M 1     t    ■    *    »   « 

-^              ^          1 

,1^    ■    h^-^H    y-r- 

I 

4                   1                             4 

i      ,                                    I         ' 

■    1          < 

1 

i^±rt :  ^zl 

1  .  / 

'  rn^f,  ^ 

L~    ■  M-^.- 

t     ^      - 

i    ILZ.       - 

-J    41^        ,41      It 

1  df-  J-.. 

:  ^i-  ^    L 

1          (          '        ^ 

■:'_(.       V,       . 

'  I1  IT     -+         t 

ij                         :        t 

t 

I  ^: 

JjROwn  to  differ  substantially  in  structure  give  an  identical  or  nearly  iden- 
tical series  of  spectra. 

f  his  principle  finds  an  interesting  appHoation  in  the  case  of  laudanine, 
CanTf2.'iC)<J^,  and  }audanosine,  C21H27O4N,  two  rare  alkaloids  .separated 
by  Hesse  ^  from  opiijm.  These  differ  from  one  another  by  CH-,  and  since 
tfio  forpfier  contains  three,  and  the  latter  four  methoj^yl  groups,  it  has 
l>een  assumed  that  the  substances  are  homologous,  although  the  conversion 
of  laudanine  into  }audanosine  has  not  yet  been  accomplished.  If  this 
view  of  their  relation  is  correct,  they  should  give  practically  identical 
absorption  curves,  and  this  we  have  found  to  be  actually  the  pase^  the 


>  Chepi.  Soc.  Trans.,  1903,  88,  626. 

?  Annal^7i,  I87O,  7Y,  47;  Syj^pl.,  1872,  8,  261, 
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measnremeixts  o£  the  photographs  (A  the  two  aerieB  of  spectra  agreeing 
almost  perfectly. 

The  investigation  of  these  compounds  was  undertaken  solely  with 
reference  to  their  suspected  homology,  but  it  was  at  once  seen,  on  examin- 
ing their  spectra,  that  a  close  resemblance  subsisted  between  them  and 
the  ipectra  of  corydaline  and  tetrahydropapaverine.  The  photographs  of 
the  spectra  of  corydaline  and  laudanosine  in  particular  are  ahnost  indis- 
tinguishable, and  suggest  a  very  close  structural  relation  between  these 
two  compounds.  Laudanosine  diflers  from  tetrahydropapaverine  by  CH^, 
and  may  simply  be  a  homologue  of  this  substance,  possibly  having  a 
methyl  group  attached  to  carbc^  atom  4.     (See  papaverine,  p.  127.) 

Apart  from  the  closer  i*esemblance  of  their  spectra,  however,  there  is 
some  ground  for  believing  that  laudanosine  is  more  nearly  related  to  cory- 
daline than  to  tetrahydropapaverine.  It  differs  from  corydaline  only  in 
having  one  atom  of  carbon  less  in  its  molecule  ;  the  two  substances  cannot 
therefore  be  homologous,  if  the  formulse  of  both  have  been  correctly 
determined. 

Corydaline  has  recently  been  analysed  by  numerous  investigatoi*s,  with 
concordant  results,  and  ite  formula  may  be  regarded  as  well  established. 
Laudanine  and  laudanosine,  on  the  other  hand,  have  been  but  little 
examined,  and  there  is  a  possibility  that  their  formulae  may  not  yet  have 
been  definitely  settled.  Assuming,  however,  as  we  are  bound  to  do  for 
the  present,  that  the  analyses  are  correct,  cases  are  known  in  which  sub- 
stances, other  than  homologues,  which  are  nearly  related  structurally, 
show  as  close  an  agreement  between  their  spectra  even  when  their  formulae 
differ  more  widely  than  those  of  corydaline  and  laudanosine. 

Unfortunately,  very  little  is  known  of  the  chemistry  of  laudanosine, 
but  that  little  is  entirely  in  favour  of  the  view  expressed  as  to  its  close 
relationship  with  corydaline  and  tetrahydropapaverine.  Like  those  sub- 
stances, it  contains  four  methyl  groups,  and  yields  metahemipinic  acid  as 
one  of  its  products  of  oxidation.  It  further  resembles  corydaline  in  being 
optically  active' and  in  the  ease  with  which,  when  heated  with  dilute  nitric 
acid,  it  undergoes  oxidation  to  a  yellow  base.  This  substance,  which  has 
not  been  analysed,  may  be  identical  with  meoonidine,^  an  alkaloid  asso- 
ciated with  laudanosine  in  opium.  The  formula  of  meconidtne,  C2 1 H23O4N, 
bears  the  same  relation  to  that  of  laudanosine  that  the  fornmlte  of  dehydro- 
corydalino  and  berberine  bear  to  those  of  corydaline  and  tetrahydrober- 
bonne  respectively,  as  the  following  table  shows  : — 


Coiaurless. 

Tellow. 

Corydaline, 
C2,H,,0,N, 
m.p.  135°-5. 

Dehydrocorydaline, 
C22H23O4N, 
m.p.  118-120°. 

Tetrahydroberberine, 

C,oH„04N, 

m.p.  167°. 

Berberine, 

^20-^1  7O4N, 

m.p.  145°. 

Laudanosine, 

Mecouidine, 

C.jH^rO.N, 

JU.p.  89°. 

Cs.HajO^N, 
m.p.  58°. 

>  Hesse,  Annalen, 

1870,  77,  p.  47. 
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Whether  the  yellow  substance  produced  by  the  oxidation  of  laudano- 
sine  is  identical  or  not  with  meoonidine,  the  mere  fact  of  the  existence  of 
a  coloured  base  in  opium  having  a  formula  differing  from  that  of  laudano- 
sine  by  four  atoms  of  hydrogen  lends  some  support  to  the  view  of  the 
relationship  of  these  substances  set  forth  in  this  paper,  and  this  hypothesis 
receives  some  additional  support  from  a  comparison  of  the  melting-points 
of  the  substances.  The  question,  however,  as  to  whether  laudanosine  is 
more  closelv  related  to  corydaline  or  to  tetrahydroberberine  can  only  be 
settled  by  further  chemical  investigation. 

The  point  which  we  wish  to  emphasise  is  that  it  must,  from  the  simi- 
larity of  the  curve  plotted  from  its  spectra,  be  built  on  the  same  plan  as 
these  two  closely  related  compounds, 


Laudanosihb. 

SohUian  in  Alcohol, 
(Fig.  23.) 


Thickness  of 

layer  in 
miUimetres 


Description  of  Bpeciram 


25, 20, 15  dc  10 
5 


1  mUUgram-molMule  in  500  e,e. 


Spectrum  transmitted  to 


Ahsorjfti^n  hand    . 
Spectrom  transmitted  from  3824  to 
Spectrum  transmitted  to 
Ahiorftum  band    . 
Spectmm  transmitted  from  3824  to 
Spectrum  transmitted  to 
Absorptitm  band 

Spectrum  transmitted  from  3754  to 
Line  faintly  showing  at 
Spectrum  transmitted  to 
Absorption  band 

Spectrum  transmitted  from  3638  to 
Spectrum  transmitted  to 
But  very  weak  in  position  of  absorption 
band. 

1  fHiUigTam-molec^ile  in  2,600  e.c. 
Spectrum  transmitted  to 


all  transmitted 


1  milliffram-ntolecule  in  12,500  e.e. 


3328   I 

3354   I 
8864  to  8894 

3930   j 

3354   ' 
8854  to  8884 

3930   I 

3354 
8854  to  8764 

3980 

4003 

3388 
8888  to  8888 

4038   ' 

4038 


4115 
4428 
4555 


3009 

2982 
8M8to8616 

2544 

2981 
8981  to  8616 

2544 

2981 
8981  to  8664 

2544 

2498 

2951 
8961  to  8748 

2476 

2476 


24.^0 
2258 
2195 


4  to  1        I  Spectrum  all  transmitted. 
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Laudahutb. 

C^H,,NO,. 

Solution  in  Akohol, 

(Fig.  24.) 

1    Thickn^asof 

1 

'     "      '       ' 

I         la^er  in 

Defloription  of  Specfcrnm 

A 

!     milhmetws 

\ 

1 
1 

1  mUllgram-moltcule  in  600  c.e. 

I  25,  20.  and  15 

Spectrum  transmitted  to       .        .        . 

1        S323 

3009 

10 

ft                «•                    ... 

3323 

3009 

1 

Line  showing  at 

3886 

2573 

1             5 

Spectrom  transmitted  to       .        .        . 

3354 

2982 

• 

Absorjftum  hand 

S8Mto9SS4 

2888  to  2615 

Spectnun  transmitted  from  . 

3824  to  4003 

2615  to  2498 

4 

Spectmm  transmitted  to       .        .        . 

3354 

2981 

Abwrjftum  band 

88MtoSS84|89Slto8615 

Spec^m  transmitted  from  . 

3824  to  4003 

2615  to  2498 

Faint  indications  of  lines  from      . 

3754  to  3824 

2664  to  261 5 

and  from 

4003  to  4038 

2498  to  2476 

3 

Rpeotmm  transmitted  to       .        .       . 

3364 

2981 

Ahwrpiumland     .... 

8854  to  8754  SMI  to  M64 

>  Spectrum  transmitted  from  . 

3754  to  4038  2664  to  2476 

2 

,  Spectmm  transmitted  to 

3382 

2957 

Ahuyrptianhand 

8888  to  8654, 2957  to  2787 

Spectmm  transmitted  from  . 

3654  to  4026;  2737  to  2484 

1 

Hpectram  transmitted  to       .        .        . 
•  Very  weak  in  position  of  abeofption 
1      band. 

1  w^Uigram-molecuU  in  2,500  e.o 

4128 

2422 

4 

Spectmm  transmitted  to       .        .        . 

1        4115 

1       2430 

1             8 

»t               I*                    ... 

4428 

*       2258 

2 

1                      M                                    »»                                              ... 

4555 

2195 

1 

1         „       all  transmitted 

1 

1 

1  miHiffrafn-moleeult  in  12,600  c.(*. 

4tol 

J  Spectmm  all  transmitted. 

1  _ 

, 

On  the  rossibility  of  Making  Special  Reports  more  available  tlcan  at 
present. — Report  of  the  Committeey  consisting  of  Mr.  W.  A.  Shen- 
STONE  (Chaimum),  Dr.  M.  0.  Forster  (Secretary),  Professor  E. 
Divers,  Professor  W.  J.  Pope,  and  Dr.  A.  W.  Crossley. 

The  Committee  recommend  : — 

1.  That  at  the  close  of  each  annual  meeting  the  Sectional  Committee 
shall  request  its  secretaries  to  compile  a  list  of  the  Special  Reports,  other 
than  those  of  Standing  Committees,  which  have  been  presented  to  the 
Section  during  the  previous  five  years,  and  which  have  been  published 
in  extensOf  this  list  (see  Appendix)  to  include  those  Reports  of  the 
character  specified  which  have  been  presented  at  the  annual  meeting 
just  terminated.  /    n^i^nio 
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2.  That  the  secretaries  of  the  Sectional  Committee  be  requested  to 
forward  copies  of  the  list  to  the  secretaries  of  the  Chemical  Societies  of 
London  and  Berlin,  with  the  suggestion  that  the  councils  of  these  bodies 
might  bo  disposed  to  bring  such  Reports  to  the  notice  of  Fellows  bj 
inserting  the  references  in  one  of  the  issues  of  their  publications. 


APPENDIX. 

List  of  Special  Reports  presented  to  Section  B  during  1898-1902, 
indicating  the  type  of  Special  Report  to  which  attention  might  be  drawn 
in  the  manner  indicated  by  the  Committee  : — 

1900.  *  The  Constitution  of  Camphor.'     By  A.  Lapworth. 

1901.  *  Methods  of  Determining  the  Hydrolytic  Dissociation  of  Salts.' 

By  R.  C.  Farmer. 

*  On  the  Equilibrium  Law  as  applied  to  Salt  Separation  and 

to  the   Formation  of  Oceanic   Salt  Deposits.'     By  E.  F. 
Armstrong. 

1902.  '  Hydro-aromatic  Compounds  with  Single  Nucleus.'   By  A.  W. 

Crosslev. 

*  Our    Present    Knowledge  of  Aromatic   Diazo-   Compounds,' 

By  G.  T.  Morgan. 


lyutj/'free  Alcohol  for  Scientific  Research. — Report  oj  the  Committee y 
cmisistiru/  of  Sir  H.  E.  RoscoE  (Chairman),  Professor  H.  B, 
Dixon  (Secretanj),  Sir  Michael  Foster,  Sir  A.  W.  RCcker,  Dr. 
T.  E.  Thorpe,  Professor  W,  H.  Perkin,  ami  Professor  W.  D. 
Hallibirton. 

The  Committee  appointed  at  the  Glasgow  meeting  in  1901  were  unable 
to  report  in  1902,  as  they  were  at  the  time  of  the  Belfast  meeting  in  the 
midst  of  their  negotiations  with  the  Board  of  Inland  Revenue. 

After  a  preliminary  meeting  and  correspondence  in  the  winter  of 
1901-2  the  Committee  received  information  that  the  Government  were 
willing  to  adopt  a  clause  in  the  Budget  Bill  of  1902  which  would  permit 
the  use  of  duty-free  alcohol  under  conditions  to  be  laid  down  by  the 
Board  of  Inland  Revenue.  When  the  Budget  Bill  was  passed  a  deputa- 
tion from  the  Committee  waited  on  the  Chairman  of  the  Board,  and 
after  full  discussion  the  Committee  agreed  to  confine  their  application  at 
the  present  time  to  the  use  of  duty-free  alcohol  (etliyl  and  methyl)  and 
of  alcoholic  derivatives  for  the  purposes  of  research  work  and  higher 
teaching  in  the  laboratories  of  universities,  colleges,  and  public  institu^ 
tions. 

At  the  request  of  the  Chairman  of  the  Board  of  Inland  Revenue  the 
Committee  drew  up  the  following  statement : — 

*  To  the  Chairman  of  the  Board  of  Inland  Revemie. 

'August  6,  1902. 
'  Sir, — At  the  meeting  of  the  British  Association  held  at  Glasgow  last 
year  a  Committee  was  appointed  to  approach  the  Inland  Beveiiue  Corn- 
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missionerfl  to  urge  the  desirability  of  aecuring  the  use  of  pure  alcohol 
duty-free  for  the  purposes  of  scient^c  reaearch« 

*  It  was  pointed  out  at  the  Glasgow  meeting  that  the  low  price  of  pure 
alcohol  and  its  derivatives  on  the  Continent  and  the  high  duty  payable  in 
the  United  Kingdom  severely  handicapped  research  workers  here  in 
chemistry,  physiology,  and  pathology,  and  to  a  smaller  extent  in  zoology 
and  botany.  In  the  recent  debates  on  the  Budget  Bill  this  disadvantage 
was  recognised,  and  steps  were  taken  with  a  view  to  remedy  the  evil. 

*  In  the  United  States,  where  alcohol  is  taxed,  permits  are  granted  to 
scientific  institutions  of  certain  rank  enabling  them  to  obtain  duty-free 
alcohol  for  use  in  their  laboratories.  The  conditions  under  which  these 
permits  are  granted  by  the  United  States  Treasury  have  been  obtained  by 
t)m  Committee.  A  copy  of  these  regulations  was  placed  in  your  hands  at 
the  interview  you  were  good  enough  to  grant  on  the  9th  inst.  to  members 
of  this  Committee. 

*'  In  accordance  with  your  request  we  have  obtained  pome  statistics  as 
to  the  amount  of  alcohol  (and  its  derivatives)  used  in  English  laboratories 
for  higher  teaching  and  research  work.  It  has  not  been  possible  to  obtain 
complete  details,  but  the  following  figures,  which  are  the  average  number 
of  gallons  used  per  annum  during  the  last  three  years  in  the  laboratories 
at  Cambridge,  at  Owens  College,  and  the  Yorkshire  College,  may  be  taken 
as  typical  : — 


I.  Cambridge. 

(University  and  College 

Laboratories.) 

Chemical  Laboratories . 
Pathological        „         .        .        . 
Physiological       „         .         .         . 
Zoological  and  Botanical  Labora- 
tories 

n.   OWBNS  COLLEQB. 

Chemical  Laboratories 
Pathological       ,,  .        .        . 

Physiological      „  .        .        . 

Zoological  and  Botanical  Labora- 
tories 

IIL   YOBKSHIRB  COLLBQE. 

Chemical  Laboratories 
Medical  Department 


AbBolute ' 

Ethyl 

Alcohol  I 


Kectifiod 
Spirit 


Absolute 
Methyl   , 
Alcohol  . 


I 


30 
15 
10 
20 


50 

15 

5 

5 


30 


10 


60 
10 
10 


500 


20 


12 


80 

100 

5 

5 

— 

25 

1 

120 

25 

50 

150 

It  should  be  pointed  out  that  if  pure  alcohol  could  be  obtained  duty-free 
more  would  be  used  in  scientific  work  instead  of  the  methylated  spirit 
now  used  whenever  possible. 

*  From  the  table  given  it  will  be  seen  that  the  chief  demand  in  scientific 
laboratories  is  for  pure  ethyl  alcohol  and  pure  ethyl  ether.  But  other 
alcohols  {e,g,  methyl  alcohol)  and  other  derivatives  of  alcohols  {e.g,  methyl 
and  ethyl  iodides)  and  ethereal  salts  (e.g.  malonic  ether)  are  largely  used 
in  o^ga^ic  cb^i&i^try.     These  reagents  are  at  pre^wt  m$^ialy  imported, 
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from  Germany  and  pay  duty  to  the  Customs.  There  is  therefore  a  desire 
that  such  ethereal  compounds  might  be  imported  duty-free  for  scientific 
use. 

*In  the  request  that  we  now  make  for  the  use  of  duty-free  ethyl 
alcohol  and  its  derivatives,  for  the  purpose  of  higher  teaching  and 
research,  we  would  point  out  that  the  alcohol  (or  other  reagent)  is 
destroyed  or  contaminated  beyond  recovery  by  the  use  to  which  it  is  put, 
and  such  destruction  or  contamination  could  be  certified  by  the  director 
of  the  laboratory. 

'  In  the  opinion  of  the  Committee  there  would  be  no  difficulty  in 
arranging  for  one  distributing  station  in  each  university  centre  to  supply 
the  several  laboratories  of  that  centre.' 

On  October  22  the  Committee  received  from  the  Board  a  draft  of  the 
suggested  regulations  under  which  it  was  proposed  to  authorise  the  issue, 
in  accordance  with  section  8  of  the  Finance  Act,  1902,  of  pure  spirit  duty- 
free for  purposes  of  scientific  research  and  education.  The  Board  asked 
for  observations  on  the  proposed  regulations. 

The  Committee  had  copies  of  these  proposed  regulations  sent  to  the 
directors  of  the  chief  laboratories  in  the  country,  with  a  request  that  they 
would  forward  any  suggestions  they  might  wish  to  make  to  the  Committee. 
After  considering  the  suggestions  sent  in,  the  Committee  submitted  their 
observations  to  the  Board,  who  adopted  the  alterations  suggested,  and 
informed  the  Committee  that  methyl  cdcoliol  might  be  obtained  under  the 
same  regulations. 

The  Committee,  with  the  permission  of  the  Board  of  Inland  Revenue, 
published  the  regulations  in  *  The  Times '  and  other  newspapers  with  the 
accompanying  explanatory  letter  : — 


^Duty-free  Alcoliol  for  Research, 

« To  the  Editor  of  "  The  Times."  * 

*  December  16, 1902. 

*  Sir, — It  has  long  been  felt  by  scientific  workers  in  this  country  that 
a  serious  drawback  to  the  prosecution  of  research  lies  in  the  fact  that  the 
full  and  very  heavy  duty  has  to  be  paid  on  pure  alcohol,  as  distinguished 
from  methylated  spirit,  largely  used  in  scientific  laboratories  where  higher 
teaching  and  research  are  carried  on.  And  this  appeared  to  be  a  hardship 
in  the  first  place  because  the  alcohol  thus  used  is  eitlier  destroyed  or 
rendered  useless  for  potable  purposes,  and  in  the  second  place  because  no 

,  such  duty  is  paid  in  Germany,  France,  or  the  United  States,  and  thus  the 
British  is  heavily  handicapped  as  against  the  foreign  worker. 

'  At  the  meeting  of  the  British  Association  held  last  year  in  Glasgow, 
a  Committee  was  appointed  with  instructions  to  approach  the  Board  of 
Inland  Revenue  with  the  object  of  endeavouring  to  secure  the  removal  of 
this  grievance — a  grievance  which  was  recognised  by  Government  in  the 
Budget  Bill  of  this  year.  We  are  now  glad  to  report  that  the  Board  has 
met  our  suggestions  in  the  fairest  possible  manner  with  an  obvious  desire 
to  extend  facilities  for  scientific  research  in  the  direction  indicated,  as  a 
perusal  of  the  regulations  which  we  enclose  will  show. 

*  The  Secretary  to  the  Board  of  Inland  Revenue  informs  us  that  pure 
"  methyl  alcohol,"  also  much  used  in  chemical  research,  may  be  obtained 
under  the  same  regulations,  and   should  smaller  quantities  of  methyl 
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alcohol  be  required  than  the  minimam  permitted  in  the  case  of  ethyl 
alcohol,  the  Board  will  consider  special  applications  to  that  effect. — 
We  are,  &c., 

*  H.  E.  KoscoB,  Chairman. 

*  H.  B.  Dixon,  Secretary  to  the  Committee.' 

(Enclosare.) 
Regulations  for  the  Use  of  Duty-free  Spirit  at  Universities^  CoUegeSy  <te, 

1.  An  application  must  be  made  by  the  governing  body  or  their 
representatives,  stating  the  situation  of  the  particular  university,  college, 
or  public  institution  for  research  or  teaching,  the  number  of  the  laboratories 
therein,  the  purpose  or  purposes  to  wliich  the  spirits  are  to  be  applied,  the 
bulk  quantity  likely  to  be  required  in  the  course  of  a  year,  and,  if  it 
amounts  to  fifty  gallons  or  upwards,  the  name  or  names  of  one  or  more 
sureties,  or  a  guarantee  society  to  join  in  a  bond  that  the  spirits  will  be 
used  solely  for  the  purpose  requested  and  at  the  place  specified. 

2.  The  spirits  received  at  any  one  institution  must  only  be  used  in  the 
laboratories  of  that  institution,  and  must  not  be  distributed  for  use  in  the 
laboratories  of  any  other  institution,  or  used  for  any  other  purpose  than 
those  authorised. 

3.  Only  plain  British  spirits  or  unsweetened  foreign  spirits  of  not  less 
than  50  degrees  over-proof  (i,e.  containing  not  less  than  80  per  cent,  by 
weight  of  absolute  alcohol)  may  be  received  duty-free,  and  the  differential 
duty  must  be  paid  on  the  foreign  spirits. 

4.  The  spirits  must  be  received  under  bond  either  from  a  distillery  or 
from  an  Excise  or  Customs  general  warehouse,  and  (except  with  special 
permission)  in  quantities  of  not  less  than  nine  bulk  gallons  at  a  time< 
They  will  be  obtainable  only  on  presentation  of  a  requisition  signed  by 
the  proper  supervisor. 

5.  On  the  arrival  of  the  spirits  at  the  institution  the  proper  revenue 
officer  should  be  infoimed,  and  the  vessels,  casks,  or  packages  containing 
them  are  not  to  be  opened  until  he  has  taken  an  account  of  the  spirits. 

6.  The  stock  of  spirits  in  each  institution  must  be  kept  under  lock  in 
a  special  compartment  under  the  control  of  a  professor  or  some  responsible 
officer  of  the  university,  college,  or  institution. 

7.  The  spirits  received  by  the  responsible  officer  of  the  institution 
may  be  distributed  by  him  undiluted  to  any  of  the  laboratories  on  the 
same  premises. 

8.  No  distribution  of  spirits  may  be  made  from  the  receiving  laboratory 
to  other  laboratories  which  are  not  within  the  same  premises. 

9.  A  stock-book  must  be  provided  and  kept  at  the  receiving  laboratory, 
in  which  is  to  be  entered  on  the  debit  side  an  account  of  the  bulk  and 
proof  gallons  of  spirits  received  with  the  date  of  receipt,  and  on  the  credit 
side  an  account  of  the  bulk  and  proof  gallons  distributed  to  the  other 
laboratories.  A  stock-book  must  also  be  kept  at  each  other  laboratory,  in 
which  must  be  entered  on  the  day  of  receipt  an  account  of  the  bulk  and 
proof  gallons  of  spirits  received  from  the  receiving  laboratory.  These 
books  must  be  open  at  all  times  to  the  inspection  of  the  revenue  officer, 
and  he  will  be  at  liberty  to  make  any  extract  from  them  which  he  may 
consider  necessary. 

10.  The  quantity  of  spirits  in  stock  at  any  one  time  must  not  exceed 
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half  the  estimated  qtianiity  require  in  a  year  where  that  quantity  amounts 
to  20  gallons  or  upwards. 

11.  Any  contravention  of  the  regulations  may  involve  the  withdrawal 
bf  the  Board's  authority  to  u^  duty-free  spirits. 

12.  It  must  be  understood  %hat  the  Board  of  Inland  Revenue  reserve 
to  themselves  full  discretion  to  withhold  permission  for  the  use  of  duty- 
free spirit  in  any  cose  in  which  the  circumstances  may  not  seem  to  them 
to  be  such  as  to  warrant  the  grant  of  it. 

Note. — *  Proof  spirit '  is  defined  by  law  to  be  such  as  at  the  tempera- 
ture of  51  degrees  Fahrenheit  shall  weigh  |^  of  an  equal  measure  of 
distilled  Water.  Taking  water  at  51  degrees  Fahrenheit  as  unity;  the 
specific  <n^vity  y>f  '  proof  spirit '  at  51  degrees  Fahrenheit  is  '92308.  When 
such  spirit  is  riSiised  to  the  more  usual  temperature  of  60  degrees  Fahrenheit, 
the  specific  gravity  i*  •91984*  To  calculate  the  quantity  of  spirits  at 
proof  in  a  given  quantity  of  spirit  over  or  under  proof  strength,  multiply 
the  quantity  of  spirit  by  the  number  of  degrees  of  strength  of  the  spirit 
and  divide  the  product  by  100.  The  number  of  d^rees  of  strength  of 
any  spirit  is  100  plus  the  number  of  degrees  overproof,  or  minus  the 
number  of  degrees  underproof. 

Example : 

19-8  gallons  of  spirits  at  64*6  overproof 
100  +  64-5  =  164-5  proof  strength. 
164-6  X  19-8  -T- 100  =  32-571 
taken  as  32-5  gallons  at  proof. 


Isomeiic  Napldhalene  De)ivaiives. — lUporl  of  tlce  Committee,  eonsUliny 
o/ Professor  W.  A.TiLDEN  (Chairman)  and  Dr.  H.  E.  Armstrong 
{Secretary),     {Draini  up  by  the  Secretary.) 

During  the  past  year  proof  has  been  obtained  of  the  structure  of  the 
series  of  higher  brominated  derivatives  prepared  from  1:5: 6-tribromo- 
/3-naphthol  which  were  referred  to  in  last  year's  report ;  these  com- 
pounds were  then  represented  by  formulae  containing  a  bromine  atom  in 
position  3  marked  with  a  query.  The  following  facts  show  that  a  correct 
view  was  then  taken  as  to  the  position  of  this  bromine  atom. 

The  tetrabromo-/3-naphthol  (m.p.  184°),  from  which  the  hi^er  bromi- 
nated compounds  are  derived,  is  convertible  by  nitric  acid  into  a  tri- 
bromo-/3-naphthaquinone   (m.p.   IBS'")   which  aniline  converts  into  the 


compound 


O 

NHPh 


Such  a  substance  can  obviously  only  beformed  from  aquinooe  containing 
a  bromine  atom  in  position  3,  not  from  one  containing  bromine  in  the 
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rfternative  position  4.    The  relationship  of  the  several  oompomids  ia 
therefore  as  follows  : — 


Br 

Tribromo-jS-naphthol, 
nLp.  J  69*. 


^'kAx 


OH 


Br 


Tettabromo  3-naphtliol, 
m.p.  18i». 

o 


,>^'~N^^NHPh 


.CO" 

Br 

Tribromo-/3-naphtha- 
quinone,  m.p.  183°. 


The  structure  has  also  been  determined  of  the  tetrabromo-yS-naphthol, 
No.  3  (m.p.  191°  ;  acetate,  m.p*  310**),  described  in  the  1901  report,  which 
differs  from  all  the  other  highly  brominated  naphthok  in  that  it  fails  to 
give  a  nitro-bromo-keto-  compound,  being  converted  by  nitric  acid,  at  the 
ordinary  temperature,  into  a  tetrabromo-/3-naphthaquinone  (m.p.  241°). 

This  tetrabromo-/3-naphthaquinone  is  oxidised  by  dilute  nitric  acid  to 
a  new  dibromophthalic  acid,  which  by  exclusion  must  be  the  hitherto 
unknown  3  :  b-dihroftiophthalic  ttctt/ ;  the  quinone  is  therefore  3:4:6:8- 
tetrahromo-p-naphthciquinone. 

The  parent  naphthol,  which  is  derived  from  1:3: 6-tribromo  not 
from  1:5:  6-tribromo-)8-naphthol,  must  therefore  contain  the  bromine 
atoms  in  positions  1:3:6:8,  the  series  of  compounds  being  related  as 
diown  by  the  following  formulae  : — 

Br       Br  Br         O  Br 

^O  /\  CO,H 


Br  .      ,  CO,H 


Tetrabromo-/3-Daphthol, 
m.p.  191°. 


Tetrabromo-jS-naphtha-    3 :  5- Dibromophthalic  acid^ 
quinone,  m.p.  241°.  m.p.  188° ;  anhydride^ 

m.p.  156°. 

It  follows  from  these  results  that  whilst  the  product  of  the  further 
bromination  of  1  :  3  :  6-tribromo-)8-naphthol  is  1  :  3  :  4  :  6-tetra-bromo- 
j3-naphtbol  small  quamtities  of  the  1:3:6:  8-tetrabromo-  derivative  are 
also  formed. 

The  investigation  of  the  bromo-naphthols  has  involved  incidentally 
the  study  of  the  bromophthalic  acids :  the  discovery  of  3:4-  and  3  :  5- 
dibromophthalic  acids  in  the  course  of  the  work  completes  the  series  of 
tUbromo-  Aoids* 
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A  systematic  investigation  of  the  nitro-bromo-keto-  compounds  formed 
by  the  action  of  nitric  acid  on  the  bromo-yS-naphthols  has  led  to  the 
important  discovery  that  whereas  most  of  these  substances  are  of  normal 
composition — for  instance, 


II 


IV 


others  can  only  be  obtained  in  association  either  with  acetic  acid  alone  or 
with  water  of  hydration.     Thus  : 


NO,  Br 
Br     \/ 


OH 


0Ac  +  2H,0 


OAc 


A  similar  addition  of  acetic  acid  takes  place  in  the  case  of  the  keto-bro- 
Inides  {infra)  but  apparently  not  in  the  case  of  the  keto-chlorides.  These, 
however,  as  Zinckes  researches  show,  in  a  few  cases  combine  with  alcohol. 
Generally  speaking,  the  nitro-bromo-keto-  compounds  increase  in 
stability  as  the  number  of  bromine  atoms  increases,  so  that,  whilst  the 
compound  I,  for  instance,  begins  to  decompose  slightly  above  0°  the 
compound  II  is  so  stable  that  it  may  be  left  expoiBed  during  several 
months  in  the  air  at  the  ordinary  temperature  without  undergoing  change. 
But  that  structure  and  not  merely  the  proportion  of  bromine  present 
in  the  compound  largely  determines  stability  is  shown  by  the  fact  that, 
for  example,  the  compounds  represented  by  the  formulas 

NO,   Br 
Br     </ 


VII 


and  VIII 


BrX^^^'^S^Br 
Br      Br 

although  rich  in  bromine  rapidly  decompose  at  th&  otdinarj  temperature. 
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When  bromine  (1  molecular  proportion)  is  left  in  contact  with  the 
nitro-keto-  compound 

NOa    Br 
\/ 


(derived  from  1  :  6dibromo-/3-naphthol),  suspended  in  glacial  acetic 
acid  and  exposed  to  diffused  light,  nitrous  fumes  are  slowly  evolved  and 
an  arborescent  mass  of  needles  separates  which  appears  to  be  the  mono- 
hydrate  (I)  of  the  acetate  of  a  dibromo-napbthalene-keto-bromide 


OAc  +  HjO      II 


Br. 


«     .OH 
^0Ac+2H,0 


^^'     .OH 

^OAc  +  4H20 


This  substance  melts  at  63-65^  ;  from  the  mother  liquors  large  slightly 
yellow  prisms  slowly  separate  which  consist  of  the  tetrahydrate  III. 
The  dihydrate  II  is  formed  only  under  very  special  conditions,  namely, 
when  a  solution  of  the  nitro-bromo-keto-  compound  from  l-bromo«y3- 
nai^thol  in  acetic  acid  is  acted  on  by  bromine ;  it  separates  very  slowly 
from  solution  in  the  form  of  small  nearly  colourless  needles,  melting  at  81°. 
If  any  one  of  these  hydrated  acetates  be  gently  warmed  with  benzene 
a  turbid  solution  is  obtained ;  if  this  be  dried  with  the  aid  of  calcium 
chloride  and  slowly  evaporated  it  deposits  magnificent  nearly  colourless 
plates  of  the  simple  keto-bromide. 

Brj 


This  substance  apparently  is  the  first  representative  of  the  class  of 
naphthalene  keto-bromides  corresponding  to  the  keto-chlorides  which  have 
been  so  fully  studied  by  Zincke.  When  gently  warmed,  either  alone  or 
in  the  form  of  one  of  its  hydrated  acetates,  with  glacial  acetic  acid,  it 
loses  bromine  and  is  converted  into  4  :  6-dibromo-/i3-naphthaquinone 
(m.p.  17P)  ;  if  the  warming  be  continued  the  liberated  bromine  acts  on 
this  compound,  converting  it  into  3:4:  6-tribromo-/3-naphthaquinone 
1903.  N 
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(m.p.  190^).     Care  is  necessary,  however,  as  otherwise  the  action  may  go 
further ;  a  pentabromo-dinaphthyl-diquinone,  CaoH^BraO^,  the^  separates' 
as  a  yellow  crystalline  insoluble  powder.    This  compound  is  formed  accord- 
ing to  the  equation  2CioH3Brj,02  =  HBr+C2oH5Br504.     A  similar  case 
of  condensation  was  mentioned  in  last  year's  report. 

Unlike  the  keto-chlorides,  the  keto-bromides  do  not  give  substituted 
naphthols  when  reduced  either  with  stannous  chloride  and  chlorhydric 
acid  or  with  iodhydric  acid  (d.  1-9)  ;  the  sole  product  is  4  :  6-di- 
bromo-1  :  2-dihydroxynaphthalene, 

OH 


Br 


which  is  also  obtained  by  reducing  4  :  6-dibromo-l  :  2-naphthaquinone. 
The  corresponding  diacetate,  C|oH4Br2(OAc)2,  crystallises  i|i  large 
prisms,  melting  at  157°. 

The  keto-bromide  is  probably  first  transformed  into 


The  discovery  of  4  :  6-dibromo-2-keto  naphthalene-1-dibromide  makes 
it  possible  to  explain  the  production  of  4  :  6-dibromo-l  :  0-naphtha- 
quinone  during  the  decomposition  by  heat  of  the  nitro-keto-  compound  of 
1  :  G-dibromo-jS-naphthol.  That  the  dibromo-quinone  could  not  be  foimed 
by  a  mere  bromination  of  6-monobromo-/3-naphthaquinone  initially 
produced  is  shown  by  the  fact  that  this  bromination  cannot  be  realised  in 
practice.  The  real  explanation  is  that  the  bromine  initially  split  off  from 
the  nitro-keto-  compound  brominates  the  undecomposed  remainder  of  this 
substance,  first  displacing  NO2  ;  a  subsequent  decomposition  produces  the 
4  :  6-dibromo-quinone. 

O 


Br 


Br, 


O 


f^^'^^V^'^O 


GO"'  uj 
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Nov  that  the  inTeatigatioa  has  reached  a  stage  when  it  is  posBiUe 
to  give  a  complete  account  of  the  complex  series  of  processes  underlying 
the  formation  of  the  brominated  naphthols,  it  is  proposed  to  submit  a 
conridered  discussion  of  the  results  for  publication. 


The  Study  of  Hydro^aromaiic  Stihstaiices, -^Report  of  the  Committeey 
consisting  of  Dr.  E.  Divers  (Chairman),  Dr.  A.  W.  Crossley 
(Secretary)^  Professor  W.  H.  Perkin,  and  Drs.  M.  O.  FoRSTER  and 
Le  Sueur. 

Recent  Work  on  Hydro-aromcUic  Substances,     By  Dr.  A.  W.  Crossley. 

Thb  following  is  a  summary  of  the  work  published  on  hydro- aromatic 
compounds  since  the  preparation  of  the  last  report.^ 

FeiroLeum. — When  aoetylene  and  hydrogen  are  passed  over  reduced 
nickel,  there  results  a  mixture  of  hydrocarbons  having  the  general  pro^ 
pertias  of  petroleum.  Sabatier  and  Senderens  ^  theref^  put  forward  tiie 
following  suggestion  as  accounting  for  the  production  of  natural  petro- 
leum. In  the  interior  of  the  earth  alkali  metals  and  carbides  are  found, 
and  these  under  the  influence  of  water  give  hydrogen  and  acetylene, 
which  in  contact  with  finely  divided  iron,  nickel,  d^c,  generate  the  hydro- 
carbons of  petroleum.  This  supposition  is  not  considered  probable  by 
Asehan,^  who,  from  experimental  results,  is  led  to  conclude  that  the  slow 
distillation  of  fossil  fat  in  the  earth's  interior  gives  rise  mainly  to  an 
unsaturated  hydrocarbon  residue,  and  to  a  smaller  extent  to  an  unsatu- 
rated complex  containing  carboxyl.  Pressure  and  temperature  cause  the 
polymerisation  of  these  residues  with  production  of  the  uaphthenes  and 
naphthene  carboxylic  acids,  which  must  therefore  be  regarded  as  second- 
ary products  of  the  distillation  of  mineral  oil  in  the  earth's  interior. 

Mabery  ^  has  described  vi^riofis  hydrocarbons,  with  from  thirteen  to 
twenty-eight  carbon  atoms,  isolated  Arom  the  portion  of  Pennsylvanian 
petroJJdjam,  boiling  above  216^ 

Synthetical  Hydrocarbons. — Starting  with  optically  active  substituted 
hydroxy hexahydrobenzenes,  Zelinsky  *  has  propared  dimethyl-  and  methyl - 
ethylhexahydrobenzenes,  both  of  which  hydrocarbons  show  a  slight 
optical  activity. 

Harries  and  Antoni  ^  have  further  investigated  the  method  of  prepar- 
ing substituted  diby^robenzenies  by  distilling  the  phosphates  of  certain 
diamines.  The  dihydrobenzene  prepared  from  dihydroresorcia  by  this 
method  adds  on  four  atoms  of  bromine  to  give  the  solid  tetrabromide 
melting  at  184°  ;  whilst  starting  with  dihydroresorcin,  and  submitting  it 
to  the  method  of  Crossley  ^nd  Le  Sueur,^  the  resulting  dihydrobenzene 
absorbs  only  two  atoms  of  bromine,  fprming  a  dibromide  which  melts  at 
104°'5,  and  decomposes  with  evolution  of  hydrogen  bromide  at  170°.** 

The  series  of  substituted  ketotetrahydrobenzenes  described  by 
Enoevenage)  ^  provides  a  starting-point  for  the  preparation  of  substituted 

>  RtspwU,  1902. 120.  2  Carnpt,  Bend.,  1902,  184, 1185. 

«  ^HJitfZwh  1902.  804,  1.  *  Amer.  Chem.  J.,  1902.  28,  166. 

»  Ber.,  1902.  36.  2677.  •  4nnalen,  1903,  828,  88. 

'  J.C.S.,  1902,  81,  822.  •  Crossley  and  HaaF,  J.C.S.,  J903,  88,  494. 

•  AnnaleJh  1894,  281,  225. 
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dihydrobenzenes  and  dihydrobenzeneoarboxylic  aoids,^  as  illnstrated  by 
the  following  example  :  — 

^C  ^^\      ^.CHj.COjCjH, 

CHj.C       CO  CH,.C      C\^„ 


cii. 


CB, 


CH  CH 

^\  /% 

CH,.C       C.CH,  .CO,C,H»  CH,.C      C.CH, 

f  III  1  I IV  H 

H,C       CH  H.C      CH 

\/  \/ 

CH,  CH, 

Metiiylketotetrahydrobenzene  (i)  when  treated  with  zinc  and  ethyl- 
oromacetate  gives  rise  to  an  oxy-ester  (ii),  which  cannot  be  isolated,  as  it 
80  readily  loses  water,  giving  an  unsaturated  ester  (in).  This  latter,  on 
saponification,  yields  the  corresponding  dihydro-meta-tolylacetic  acid, 
which  when  heated  under  pressure  evolves  carbon  dioxide,  with  produc- 
tion of  dihydro-meta-xylene  (iv). 

Hydroxy-  derivatives,  —  1  :  2-dihydroxyhexahydrobenz6ne.'  Methyl- 
cyclohexanose.' 

Dihydroresorcina. — ^The  action  of  phosphorus  haloids  on  dihydroresor- 
cins  ^  confirms  the  opinion  that  these  substances  behave  in  general  as  if 
they  possessed  the  ketoenol  (i),  and  not  the  diketonic  structure  (ii). 
XJH,   .   CO  .CH,.CO  XHj.CO 

CMe,         I        ^CH  Crie,       il      \cH,  Clrfe,      m     \cR 

\CH,  .  COH  X)H, .  00  \CH, .  CCl 

Thus  dimethyldihydroresorcin  gives  with  phosphorus  trichloride,  5-chloro- 
3-keto-l  :  1-dimethyl-A^-tetrahydrobenzene  (in),  and  with  phosphorus 
tribromide  the  corresponding  bromo-  derivative ;  whereas  phosphorus 
pentachloride  produces  3  : 5-dichloro-l  :  1 -dimethyl- A^  -^-dihydrobenzene 

xiH,=ca 

Clfe,        I        \CH 

\CH,  — CCl 

Phosphorus  pentabromide  behaves  as  a  mixture  of  bromine  and  phos- 
phorus tribromide,  and  gives  rise  to  a  complicated  mixture  of  bodies, 
varying  greatly  according  to  the  conditions  of  experiment.  Among  the 
substances  isolated  were  bromodimethyldihydroresorcin,  tribromoketo- 
dimethyltetrahydrobenzeno,  and  several  bromoxylenols,  which  latter  are, 
however,  not  primary  products  of  the  reaction. 

Acids. — A  method  for  the  synthetical  production  of  dihydrobenzene- 
carboxylic  acids,  with  ketotetrahydrobenzenes  as  starting-point,  has 
already  been  alluded  to.  Hexahydro-aromatic  acids  and  polymethylene- 
carboxylic  acids  in  general  can  be  prepared  ^  from  the  iodine  or  bromine 

>  Wallach,  Annaleriy  1902,  S8S,  135.  *  Brunei,  Compt,  JRend.,  1903,  186, 383. 

*  Zelinsky  and  RoBchdestwensky,  Ber.,  1902,  S6, 2695. 
«  Crossley  and  Le  Suenr,  J.CS.,  19Q3,  98,  HO ;  Cros^ey  and  Haas,  ihid.  494. 
»  Zelinsky,  Ber.,  1902,  85,  2687. 
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derivatives  of  hexahydrobenzene  and  its  homologues.  These  sabstances 
reset  readily  with  magnesiam  to  form  organo-metallio  oompoands,  which 
with  carbon  dioxide  yield  the  magnesium  salts  of  the  corresponding 
carboxylic  adds.  lodohezahydrobenzene  is  under  these  conditions 
transformed  into  hexahydrobenzoic  acid. 

When  ethyl  dibromopropanetetracarboxylate  ^  is  condensed  with  ethyl- 
disodiopropanetetracarboxylate  it  gives  rise  to  ethyl  hexahydrobenzene- 
octocarboxylate  (i). 

(COOC.H  J, .  0 .  CH, .  C .  (COOC,U  J,        COOM  .  CH .  CH, .  CH  .  COOH 

1  II  "II 

(COOCjHJ, .  C .  CH, .  C.  (COOC,n»),        COOH  .  CH .  CH, .  CH .  COOH 

On  hydrolysis  this  ester  yields  the  corresponding  octooarboxylic  acid, 
which  loses  carbon  dioxide  on  heating,  with  formation  of  a  mixture  of 
<ran«-hexahydrobenzenetetracarboxylic  acid  (n)  (hexahydropyromellitic 
acid),  and  the  double  anhydride  of  the  cis  modification  of  the  same 
acid. 

Trans/ormalion  of  Ketones, — Cyclic  alcohols  when  dehydrated  often 
form  unsaturated  hydrocarbons  isomeric  with  those  that  would  be  expected 
from  the  constitution  of  the  alcohol,  thus  providins  the  initial  step  in  the 
transformation  of  a  ketonic  oxygen  from  one  carbon  atom  to  another.' 
For  example.  1:3:  3-trimethyl-5ketohexahydrobenzene  (i)  (dihydroiso- 
phoron)  on  reduction 

CH,  CH,  CH,  OH,  CH, 

I  I  I  I  I 

CH  CH  CH  CH  C 

CiC    CH,  HC      CH,  HC      CH,  H,C      CH,  OC      CH 

I    I    I  in  I  Bin  I  'I  IV  I  I  V  I 

CO      C(CH,),   H^C      C(CH,),    HC      C(CH,),     HC       C(CH,),   n,C      C(CH,) 

CH,  CJ^  CH,  CH  cKj, 

gives  the  correspcnding  alcohol,  which  on  dehydration  yields  a  trimethyl- 
tetrahydrobenzene  identical  in  every  respect  with  geraniolen,  and  there- 
fore possessing  formula  n  ;  though  a  hydrocarbon  with  either  formula  in 
or  IV  would  naturally  have  been  expected  to  result  On  treating  the 
nitrosate  of  this  trimethyltetrahydrobenzene  with  sodium  methylate  it 
yields  an  oxime  identical  with  the  oxime  of  1  : 3  : 3-trimethyl-6-keto- 
tetrahydrobenzene  (v).  The  ketone  regenerated  from  this  oxime  can  by 
the  usual  reactions  be  converted  into  the  corresponding  saturated  ketone 
1:3: 3-trimethyl-6-ketohexahydrobenzene,  thus  completing  the  trans^ 
formation  of  the  ketonic  group  from  its  original  position  5  to  position  6. 

Aromalic/rom  Hydro-aromatic  Substances, — Phosphorus  p>entnch]oride 
in  excess  converts  3  : 5-dichlorodihydrobenzene  into  metadichloroben- 
zene,'  and  dtchlorodimethyldihydrobenzene  into  dichloro-ortho-xylene/ 
In  the  former  case  bromine  reacts  in  the  same  way  as  phosphorus 
pentachloride,  but  not  so  in  the  latter  case,  where  there  is  obtauied  a 
series  of  chlorobromoxylenes. 

'  Gregoiy  and  Perkin,  J.  C.8.,  1903,  88,  780. 

>  Wallaoh,  AnnaUn,  1902«  394, 112. 

*  Crossley  and  Haas,  J,C.8.,  1903.  88,  502. 

«  Crotsley  and  Le  Saenr,  J,C.8.,  1902,  81, 15U6.  ^  t 
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Stereochemistn/, — A  graphic  method  of  demonstrating  the  nulnber  of 
difibrent  stereoisomeric  forms  in  which  a  substance  can  exists  has  been 
brought  forward  hj  Aschan/  as  being  preferable  to  the  use  of  models. 
It  is  shown  in  detail  that  the  possibilities  of  isomerism  in  ring-sjrstems 
are  more  truly  seen  when  the  Sjrmmetrj  of  the  molecule  is  alone  con- 
sidered ;  and  further,  it  is  demonstrated  on  these  lines  that  optical  activity 
becomes  possible  in  certain  ring-systems  in  the  abBence  of  an  asjrmmetric 
carbon  atom. 

If  one  imagines  the  plane  of  a  carbon  ring  of  an  alicyclic  compound  as 
standing  vertical  to  the  plane  of  the  paper,  it  can,  provided  the  ring  atoms 
lie  in  one  plane,  be  represented  by  a  straight  line  on  the  paper.  The  sub- 
stituents  (omitting  hydrogen  atoms  and  unsubstituted  methylene  groups) 
are  then  written,  according  as  to  whether  they  lie  on  the  upper  or  lower 
half  of  the  ring,  above  or  below  the  projected  line.  Only  such  forms 
are  identical  as  can  be  superimposed  ei^er  directly  or  after  turning 
through  180°  in  the  plane  of  the  paper. 

The  simplest  example  is  afforded  by  trimethylenedicarboxylic  acid, 

XH  .  COOH 

CH . COOH 
which  can  exist  in  the  three  following  forms  : — 

COOH  I  COOH      COOH  COOH 

1.      •  2.  «— — ^—    3.  — — 

COOH      COOH 

A  plane  of  symmetry  can  be  drawn  through  form  1,  which  is  not 
possible  with  2  and  3,  these  being  mirror  images  of  one  another.  Aschan 
defines  as  optically  isomeric  only  those  substances  which  are  mirror 
images  of  one  another,  whilst  the  term  geometiical  isomerism  applies  to 
all  those  stereoisomeric  forms,  active  or  inactive,  which  show  a  dissimi- 
larity in  all  their  physical  properties. 

On  PUiydrobenzenes  and  on  Aromatic  Compotinds  derived  from 
Hydro-aromatic  Substances,     By  Dr.  A.  W.  Crosblet. 

toihydrobenzene, — It  has  been  shown  that  the  dihydrobenzene  obtained 
from  dihydroresorcin  ^  has  the  formula 

XH  a  CH 
CH^  \CH 

\CH,-CH 

that  is,  the  double  bonds  are  in  the  1  : 3  position.  TTp  to  the  pres^it 
time  it  has  not  been  found  possible  to  prepare  the  hydrocarbon  in  a  pure 
condition,  as  it  is  contaminated  with  tetrahydrobenzene ;  but  further 
experiments  are  being  conducted  in  the  hope  of  obtaining  the  pure 
substance  by  this  method, 

A  second  means  of  producing  this  same  dihydrobenzene  seemed  to 
consist  in  the  removal  of  two  molecules  of  hydrogen  bromide  fnmi 

'  Ber.,  1902,  85,  8889.  »  J.aS,,  1908,  88,  494. 
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dibromofcetrahydrobenrene,  there  being  only  one  possible  way  in  which 
the  hydrogen  bromide  could  be  eliminated. 

yCH, .  CHBr  yCH=CH 

CH,  \cHBr  =  2HBr  +  CH,  \oH 

^CHj, .  Crif  N3Ha--CH 

This  reaction  has  been  tried  by  Baeyer  ^  and  Fortey.^  The  latter 
states  that  when  dibromotetrahydrobenzene  is  treated  with  qoinoline, 
dihydrobenzene  is  formed  ;  but  no  details  of  any  sort  are  given.  It 
is  therefore  to  be  presumed  the  author  concluded  that  the  dihydro'^ 
benzene  so  formed  was  the  one  giving  a  tetrabromide  melting  at  184°» 

Preliminary  experiments  have  conclusively  proved  that  such  is  not 
the  case,  for  the  hydrocarbon  so  obtained  gives  no  trace  of  the  tetra- 
bromide melting  at  184^,  but  only  the  dibromide  melting  at  104^ '5,  thus 
proving  it  to  be  A-*  •  ^-dihydrobenzene. 

Final  experiments,  with  larger  quantities  of  material  are  now  being 
carried  out. 

Aromatic  Compounds  derived  from  Hydro -aromatic  Subatdivcea. — ' 
When  dichloro-dihydrobenzene  ^  (i)  and  dichloro-dimethyldlhydro- 
benzene  *  (ii) 

.CH  =  CCl  XH  =  CCl 

NDHa— CCl  \CH2— CCl 

are  treated  with  excess  of  phosphorus  pentachloride,  they  are  converted 
respectively  into  metadichlorobenzene  and  8  :  5-dichloro-ortho-xylene» 
Bromine  produces  the  same  change  with  dichlorodihydrobeAzene,^  two 
atoms  of  bromine  being  first  added  on  and  then  eliminated  on  distillation 
as  hydrogen  bromide. 

.  It  was  thought  that  the  reaction  would  be  the  same  with  bromine 
and  dichloro-dimethyldihydrobenzene,  a  supposition  which  proves  to  be 
incorrect;  for  though  the  aromatic  substances  obtained  are  always 
-substituted  ortho-xylenes,  they  consist  for  the  most  part  of  dichloro^ 
bromoxylenes,  of  which  both  Uie  possible  forms  with  the  chlorine  atoms 
in  the  3  :  5  position  have  been  isolated — namely,  3  :  5-dichloro-4-bromo- 
ortho-xylene  and  3  :  5-dichloro-6-bromoortho-xy]ene.  The  work  is  Hot 
in  a  sufficiently  ad\'Bnced  state  to  warrant  the  publication  of  further  details* 


Edeiivcde  Caves,  co.  ClarB, — liepori  of  the  Committee,  coiisidvng 
of  Dr.  R.  F.  ScHARrt'  (Cfiairm^n),  Mr.  K.  Lloyd  Praeger  {Secret 
tary),  Mr.  G.  Coffey,  Professor  G.  A.  J.  Cole,  Professor  D.  J» 
Cunningham,  Mr.  G.  W.  Lampluga,  Mr.  A.  McHenry,  and  Mr. 
R.  J.  UssHER,  appointed  to  explore  Irish  Caves.  (Ih-aion  tip  by 
Mr.  R.  J.  Ussher). 

In  Apiil  1902  Dr.  Scharff  and  Mr.  R.  J.  Ussher  visited  some  cav^  in  the 
CO.  Clare,  and  decided  to  explore  two  at  Edenvale,  near  Ennis,  which 
adjoined  each  other  and  proved  to  be  connected. 

»  AmaUn,  1894,  278.  «  J,aS.,  1898,  73.  948. 

•  j.as.,  1903,  as,  502.        ^  j,aa.,  1902,  ii,  153a 

» J. as.,  1903,  S8,  m±  T 
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Another  system  of  connected  caves  was  sabseqaently  explored  there, 
and  both  groups  of  cavities  were  foond  to  be  prolific  in  remains  of  animals 
now  extinct  in  Ireland,  and  in  human  relics  of  different  periods. 

Edenvale  House  stands  on  a  ridge  of  Carboniferous  limestone,  which 
forms  the  western  side  of  a  deeply  cleft  anticlinal ;  in  the  chasm  thus 
formed  lies  a  lake  of  relatively  great  depth,  which  is  surrounded  by  a  steep 
declivity  on  all  sides  but  one. 

The  first  two  cavities  referred  to,  which  have  been  named  the  Alice 
and  the  Gwendoline  caves,  open  in  a  low  escarpment  on  the  western  side 
of  the  Edenvale  ridge.    Their  aspect  is  southerly. 

The  Alice  cave,  after  running  a  straight  course  for  80  feet,  was  found 
to  terminate  in  an  upward  opening  that  had  been  filled  in  with  earth  and 
stones,  and  contained  material  resembling  that  found  in  kitchen  middens. 
At  40  feet  from  the  mouth  of  this  cave  a  gallery  branched  off,  and  con- 
nected it  with  the  Gwendoline  cave  on  a  lower  level. 

At  15  feet  from  the  mouth  of  the  Alice  cave  a  projection  in  the  rocky 
wall  was  worn  smooth,  as  if  by  the  constant  rubbing  of  creatures  which 
had  passed  in  and  out. 

In  most  parts  of  these  caves  two  strata  were  distinguishable  : — 

1st  and  upper.  Brown  earth,  occasionally  containing  calcareous  tufa. 
In  this  stratum  was  found  much  charcoal,  bones  of  man  and  domestic 
animals  in  a  fragmentary  state,  and  also  objects  of  human  art  of  various 
descriptions — a  bone  pin  or  awl,  an  amber  bead,  a  bracelet  of  bronsse,  and 
another  of  gold. 

2nd.  A  lower  stratum  composed  of  clay,  generally  of  a  yellow-ochre 
tint,  but  sometimes  purplish. 

Bones  and  teeth  of  reindeer  and  bear  were  found  chiefly  in  the  latter 
stratum,  and  the  ursine  remains  indicated  that  they  belonged  to  individuals 
of  great  size. 

Having  removed  the  foesiliferous  deposits  of  the  above  caves,  opera- 
tions were  commenced  at  the  orifice  of  the  second  group,  opening  in  the 
cliff-face  under  Edenvale  House  overlooking  the  lake. 

This  cave  runs  50  feet  into  the  rock,  but  is  traversed  by  a  series  of 
galleries,  some  of  which  are  wide  and  confluent.  One  of  these  galleries 
was  excavated  for  a  distance  of  60  feet,  and  it  was  found  to  be  crossed 
by  another  cave  that  led  out  to  the  cliff,  but  whose  orifice  is  blocked. 

This  system  of  caves  is  so  extensive  and  complex  that  we  have  named 
it  the  Catacombs.  It  has  proved  still  more  fruitful  than  the  former  caves 
in  relics  of  man  and  of  extinct  animals.  Human  bones  were  frequent, 
and  in  one  place  an  assemblage  of  these  included  a  cranium  not  far  from 
which  there  were  two  stout  iron  knife-blades.  A  strap  of  bronze  bearing 
a  buckle  was  found  elsewhere,  ornamented  with  an  interlaced  pattern  in 
silver  plating.  In  other  parts  of  the  Catacombs  were  chipped  flint 
scrapers,  a  bone  piercer,  a  tusk,  of  a  large  boar  pierced  as  if  to  form  an 
amulet,  and  a  marine  shell  similarly  pierced. 

Several  marine  shells  occurred,  although  the  sea  is  many  miles  away 
from  the  site  ;  also  much  charcoal  and  bones  of  horse,  ox,  pig,  sheep  or 
goat  emd  dog. 

Bones  and  teeth  of  bear  and  reindeer  were  of  daily  occurrence  in 
excavating  the  deposits,  and  in  a  few  cases  we  obtained  pieces  of  the  bones 
and  of  the  antlers  of  the  great  Irish  deer  (Irish  Elk). 

The  large  collections  of  human  and  animal  remains  found  in  the  Eden- 
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va]^  caves  are  in  course  of  examination,  and  the  further  exploration  of 
the  Catacombs  is  in  progress,  there  being  reason  to  believe  that  the  un- 
explored portions  considerably  exceed  those  that  have  been  examined. 


Life-zcmes  in  the  British  Carboniferous  Bocks. — Report  of  the  Cowr- 
mittee,  consisting  of  Dr.  J.  E.  Mark  {Chaii'man\  Dr.  Wheelton 
Hind  (Secretary)^  Dr.  F.  A.  Bather,  Mr.  6.  C.  Crick,  Dr. 
A.  H.  FooRD,  Mr.  H.  Fox,  Professor  E.  J.  Garwood,  Dr.  G.  J. 
Hinde,  Professor  P.  F.  Kendall,  Mr.  B.  Kidston,  Mr.  G.  W. 
Lamplugh,  Professor  G.  A.  Lebour,  Mr.  B.  N.  Peach,  Mr.  A. 
Strahan,  and  Dr.  H.  Woodward.     (Dravni  up  by  the  Seci-eiary,) 

The  Secretary  regrets  that  he  has  received  no  reports  from  members  of 
the  Committee,  and  that  the  small  sum  of  money  voted  last  year,  5/.,  has 
not  permitted  work  to  be  carried  on  on  the  usual  scale. 

In  the  spring,  a  chart  of  the  chief  fossil  shells  found  at  various 
horizons  of  the  North  Staffordshire  coalfield  was  published  by  the  Institute 
of  Mining  and  Mechanical  Engineers. 

This  chart  was  drawn  up  by  Mr.  J.  T.  Stobbs,  F.G.S.,  and  Dr.  W. 
Hind,  F.6.S.,  and  shows  a  section  of  the  North  Staifordshire  coalfield, 
with  the  marine  beds  at  present  known ;  each  bed  in  the  section  has 
opposite  to  it  the  shells  found  in  it,  or  a  reference  by  a  number  to  a  shell 
figured  as  being  found  in  other  beds.  This  chart  is  an  amplification  of  a 
section  of  North  Staffordshire  coalfields  and  on  which  the  horizons  at 
which  fossil  shells  occur,  drawn  up  by  Dr.  W.  Hind  and  published  in  his 
monograph  on  Carbonicola,  Anthracomya,  and  Naiadites,  The  authors 
contend  that  many  of  the  important  seams  of  the  North  Staffordshire  coal- 
field can  be  easily  recognised  by  the  mollusca  found  in  connection  with 
them,  and  that  the  marine  bands  form  absolutely  certain  indices  of  horizons. 

Collecting  has  been  carried  on  by  Mr.  J.  T.  Stobbs,  F.G.S.,  in  Wensley- 
dale  and  in  Teesdale. 

The  Secretary  determined  to  examine  the  bed  of  Limestone  mapped  in 
Quarter  Sheet  102  S.E.,  which  occurred  intercalated  in  the  Millstone  Grit 
beds.  Mr.  W.  Gibson  had  called  attention  to  this  bed,  thinking  it  possible 
that  the  Pendleside  fauna  might  be  found  there,  but  such  is  not  the  case. 

The  carefully  drawn  up  reports  and  sections  by  Mr.  Stobbs  speak  for 
themselves.  The  fossils  are  unfortunately  not  worth  preserving,  but  the 
Secretary  has  been  able  to  identify  the  great  majority,  and  his  identifi- 
cations are  included  in  the  lists  in  Mr.  Stobbs's  report. 

The  district  comprising  Mickleton  and  TJnderthwaite  Moors  lies 
between  the  River  Lime  and  the  River  Balder  (both  of  which  are  southern 
tributaries  of  the  River  Tees),  and  is  known  as  part  of  the  area  whence 
the  water-supply  of  Stockton  and  Middlesbrough  is  obtained.  At  the 
present  time  three  shafts  and  a  tunnel  are  in  progress  of  driving,  the 
positions  of  which  are  shown  in  fig.  1.  The  opportunity  was  taken  of  in- 
specting the  debris  brought  to  the  surface  as  a  consequence  of  these  works. 

The  rocks  occupying  this  area  belong  to  the  upper  portion  of  the 
Yoredale  series,  and  consist  mainly  of  finely  laminated  black  ehales.  The 
freestones  are  hard  and  approximate  to  the  *  gannister '  type.  The 
sections  afforded  by  the  streams  marked  (A)  were  also  examined  (see 
^g,  2).     The  whole  series  of  beds  points  to  a  gradual  termination  of  those 
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fectirrences  of  clear  deep-sea  conditions  during  which  the  Yoredale  Lim^ 
stones  wei-e  deposited.     In  this  district  the  Crystalline  Limestones  are 


Fig.  1. 


Jtv  vcr 
^ca/e  •  /  /nch  ■  /  M/fe        \ 


very  thin,  whilst  the  thicker  ones  are  shallow -sea  deposits,  as  proved  by 
their  detrital  character. 

No.  2  Shaft  (fig.  1)  at  Bullhill  Sik^  passed  through  the  following 
beds  : — 


Black  shales 
Hard  gannister 


ft.     in. 

40     0 

3     0 


FossiliferoTis  ballions. 
Mdmondia  sulcata^  Prototchitodvg 
tunniformU. 


From  the  black  shales  the  following  fossils  were  collected  : — 


Arckfwcidaris  sp. 
Chonctet  La^nesnana. 
Discina  nitida. 
LiTigiUa  mytiloides. 
OrthiB  Michclini. 
Orthotetes  crcjiistria. 
Productus  Umgispinus, 


Spirifera  lin^atus, 
Ctenodonta  sp. 
Syneyclonema  sp. 
BcUerojphofi  sp. 
BaphUtoma  sp. 
TrUoUt^, 


The  mouth  of  the  tunnel  at  No.  3  Shaft  is  driven  in  dark  shale 
containing  a  1-inch  band  of  Limestone,  from  which  were  obtained  the 
following : — 


Camarophoria  crumvnn, 
Orthatetee  crenUtria* 
Prodnctus  tfcabricuUfs. 
IViynchonella  pleurodon. 


Spirifera  trigonahsT 
PhiUipsia  ap. 
Reed-like  plant-remains. 


In  the  shide  itself  Avictdopecien  diifsimilis  was  obtained.        t 
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The  succession  of  beds  in  the  stream  (A)  (fig.  1),  which  flows  into  the 
reservoir  near  Hury,  is  shown  in  fig.  2. 


1.  Limestone      »       .   **  b       .       • 

2.  Limestone  in  tliin  nodular  beds  . 

3.  CrystaUiiie  lime6too«     . 

4.  Blue  shale 

5.  Limestone 

6.  Finely  laminated  bine  shale .       . 

7.  Limestone      •       •       •       •       » 

8.  Fissile  shales  .       «    "  t       . 

9.  Shales  with  calcareons  nodules    . 

10.  Dark  fissUe  shale   .... 


11.  Grey  flrecUy  . 


12.  Freestone       • 


13.  Dark  micactioos  shales,  with  bullions 
at  base       


Fig.  2. 


■— ,-^.-^ 


ft.  in. 
4    0 

6    0 

2  9 

1  6 

2  9  (crinoidal) 
4  0 

10 


8    0 


180    0  (estimated) 
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Beds  (I)  and  (2)  are  detrital  limestones,  from  which  the  following  list 
was  collected  : — 


Cyathophylliim  sp.,  abundant  near  top. 
ArrhaocidarU  sp. 

FeneUeUa  sp.,  abundant  in  layers  near  top. 
Athyrii  ambigva, 
Chonetes  Bnohiana. 
Productut  aculeatuM. 
M         pUcatilis, 


Productui  iemireticulatifg  (rull  sized). 
Productus  uiukUus, 
SjHri/erina  octoplicata, 
Strapkomena  aiuUoga. 
Aviculoj}ecten  distimilit. 

sp. 
Edmondia  iidcata. 


The  thin  crystalline  Limestone  (7)  weathers  reddish -yellow,  and  from 
its  fossiliferous  character  it  should  constitute  a  good  horizon  for  strati- 
graphical  work.     The  following  list  was  obtained  : — 


Crinoid. 

Orthotttet  crenUtria. 

Prodtictut  punctata  (abundant). 

„         icabricHlut, 

„         sinuatus. 


Rhynchonella  plcwrodon. 
Edmondia  sp. 
ParaHeUfdon  sp. 
Bellcropkon  Vrei, 
Macrocheilus  sp. 


No  fossils  were  found  in  the  shales  (8),  (9),  and  (10). 

The  grey  fireclay  (11)  contained  a  fair  abundance  of  rootlets,  and  in 
the  Freestone  (12)  Stigmaria  ficoides  was  found.  No  fossils  were  seen 
either  in  the  thick  deposit  of  shale  (13)  or  its  contained  bullions. 

In  Wensleydale  the  typical  Yoredale  Rocks  were  examined,  and  fossils 
were  collected  from  the  uninterrupted  sections  afforded  by  Mill  Gill, 
represented  in  fig.  3. 

The  following  is  a  statement  of  the  fossils  found  in  the  various  beds  : — 

1.  Cherty  Limestone.     ProduciusyiyantcKt  {common). 

2.  Black  shales.    Prodnctm  giganteus, 
4.  Strong  calcareous  shales. 

Produetu4ffiyanteu4  (abundant). 
„         lonyiiipimii. 
9.  Cherty  Limestone.    Productus  giganteriB. 

10.  Black  shale.    ProductvM  temireticnlatut. 

11.  Limestone,  the  upper  part  is  cherty;  at  the  base  Is  a  layer  crowded  with 
LUktt9tr0ti4fn,  tSyringaporat  and  Cyathophyllum. 

14.  Black  shale.  Spirorbis  helicteres?;  and  f  lagments  of  plant^remains  in  the 
roof-layer  of  (16)  coal. 


Prodvcttts  setnircticulatfis. 
Spiri/era  ap.  (oommon). 


16.  Fireclay.    RootleU* 


Fig.  8. 


1.  Cherty  limestone    . 

3.  Black  shale     . 
8.  Limeiftonc 

4.  Strong  calcarcoui  t^bales 


6.  Limeittone 


6.  Black  simie     . 

7.  Limestone 

a  Black  Rhale     . 
».  Cherty  limestone 
10.  Black  shnle     . 


11.  Limestone 


ft.  iu. 
4    0 

1    8 

3 

8    0 


14    0 


1  6 
3 

2  S 


10    0 


>Middle  Limestone. 
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18.  Sandstone 

13.  Annaoeous  shale   .       .       .       . 

14.  Black  shale 

15.  Goal 

16.  Flraolay 

17.  Sandstone 

18.  Undertone 

19.  Sandstone  and  arenaceous  shales 

aa  Black  shales 


91.  Limestone  (six  beds)     . 


SS.  Black  shale     . 

55.  Limestone 
U,  Shale       . 

56.  Limestone 
M.  Shale      . 

97.  Limestone 

98.  Sandstone 

99.  Arenaceous  shales  . 


SO.  Sandstone 


31.  Black  shale  with  nodnles 

89.  Limestone 

33.  Soft  blaok  sliales    . 

34.  Limestone 

35.  Bhick  shales  . 

36.  Limestone 

37.  Black  shale    . 

38.  Nodular  limestone 

39.  Black  shale    . 

40.  Coal        .... 

41.  Fireclay  .... 

49.  Sandstone 


fe^i^^ 


8  0 

9  0 

4 

H 
9  e 


18    0 
(estimated) 


69    0 
(estlmate'1) 


NUawes  Flags. 


8    0 


16    3 


10    >  Simouside  Limestone. 

1    0 
9 

6 
3 


9    0 
4    6 


18    0 


6    6 

4 

3  6 

4  9 

n 

3 
1  0 
6 
6 
9 
9    U 

6    0 
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43.  Shale       . 
•M.  Sandstone 

45.  Black  shale     . 

46.  Nodular  lioiestoue . 

47.  Black  shale 


48.  Limostouo 


49.  Black  shale 


50.  Limestone 


51.  Sandstone 


52.  Black  shales  with  nodules 


53.  Nodular  limestone . 

54.  Shales     . 

P.B.     .        .        . 

66,  Limestone 


,..M.ij;^>|.^k|i.i^M.'^Hi»., 


^W^^^^m^ 


ciil 


:;V'' 


on:.. 


10 
1    « 


9    0 


.  Hardraw     Scar 
>    Limestone. 


39    0 
(e:»timated) 


35    0 
(estimated) 


16    0 

3 
6    0 


Great  Scar  Limestone. 


Scale :  20  feet  per  inch. 


20.  Black  shales. 

Fenestella  sp. 
Orthis  Michelini. 
Produotvs  seviireticulatiM. 
Amvsium  cimcentHcum. 
Avion loj}ecten  clathratus. 


Pseifdamtisium  anUatui. 
J^uomphahts  carbanariUM. 
Jthapi^toma  junior. 
PhiUipna  sp. 
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SS.  Limestone. 

AUoriima  tuhata  (common).  Naiieoptii, 

34.  Limestone.    Prodnotus  giganteu$  (in  lower  portion). 
41.  Fireclay  (^ upper  part  gannister-like).     Rootlets. 
46.  Nodular  limestone.    Naticopns  sp. 

48.  Limestone  (Hardraw  Soar).    Upper  portion  weathers  red. 

Productui  temirefiwlatus,  var.  Zithostrotian, 

cogtaty^. 

49.  Black  abale. 

Products  giganieua,  Synoyclanema  JSowerbii, 

51.  Sandstone.   Upper  portion  thickly  bedded,  lower  portion  flaggy. 
62.  Black  shale  with  nodules. 

FeneiteHa  sp.  Rhynchmslla  trilatera, 

Athyris  avmgua,  Spirifera  lineata. 
Chonetei  Bvckiana,  „        gp. 

„       papUionacea,  Spiriferina  crutata. 

Dielasma  hhttata.  Aviculopecten  clafkratvs, 

Orthis  Miohelini.  Ctenodonta  Imdrontria. 

„      rerupinata,  Edmondia  McCoyi. 
Ortkotetes  erenistria,  „        unio7H/ormis(yonug), 

JProductns  aculeattnt.  LHopteria  squamom. 

„         costatus.  Nncula  lueini/omiis. 

„         gigajiteus  ?  PstudamvHum  elHpticum. 

„         longispinus.  Sealdia  Benediana. 

„         soahrlcuJus,  Syncyclonema  Sowerhii. 

„  semireticulatus,  MacrochHlina  acuta  ? 

„         nndatus.  tStrohoceras  tulcatvs, 

Bhynckonella  plenrod(yti.  Phillipna  sp, 

53.  Nodular  Limestone.    Macrooheilina  sp. 

54.  Shales. 

Orthii  Miohelini,  Pogidonowya  Becheri  (ahund&nt 

Produetn^  ievivretieidatna,  in  layer  marked  P.  B.,  fig.  3). 

55.  Great  Scar  Limestone.     Productns  giganUva. 

From  the  underset  Limestone  above  Mill  Gill,  the  following  were 
obtained  : — 

Prodvotus  giganteua.  Prodnotus  somirriicvlatiit, 

„         latissimua.  Spirifer  oralit. 

„         punctatuM,  Athyrit  sp. 

Remarks  :  It  will  be  observed  that  Productus  giganieua  ranges  from 
the  bottom  to  the  top  of  the  section  and  is  met  with  both  in  the  Lime- 
stones and  the  shales. 

Posidonmnya  Beclieri  is  very  abundant  in  a  layer  of  shale  about 
9  inches  above  the  Great  Scar  Limestone,  and  may  bo  useful  in  de- 
scribing that  limestone  in  other  districts. 

The  occurrence  of  Spirorbis  helicteres  so  low  down  on  the  carboniferous 
system  is  especially  noteworthy.  It  is  fairly  abundant  in  the  roof-shale 
of  (15)  Coal,  with  which  it  is  associated  in  the  same  way  as  with  the 
Goal-seams  of  the  true  Coal-measures. 

The  two  thin  coals  (15)  and  (40)  may  be  used  as  indexes  to  the 
Middle  Limestone  and  the  Hardraw  Scar  Limestone  respectively,  No.  15 
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Coal  being  10  feet  4  inches  beiow  the  Middle  Limestone^  whilst  No.  40 
Coal  is  1 1  feet  4  inches  above  the  Hardraw  Scar  Limestone. 

In  conclusion  the  Committee  would  ask  for  a  larger  grant  than  5/., 
which  only  covered  railway  fares  and  actual  out-of-pocket  expenses,  and 
would  point  out  that  the  reports  have  always  justified  the  grant. 

Miss  Jessie  Barker  sends  me  the  following  list  of  fossils  which  she 
collected  from  a  shale  top  at  Newbrough.  Professor  Lebour  informed  her 
that  the  horizon  of  that  shale  was  somewhat  doubtful  owing  to  faulting, 
but '  at  any  rate  the  shale  is  very  near  one  of  the  lim^tones  next  beneaUi 
the  4  fathom  Limestone,  and  called  the  3  yard,  5  yard,  and  Scar  Lime- 
stone respectively.' 

1.  Monticulipora  tumida,  16.  Prodmetut  longupinv». 

2.  ArohoiooidaHt  Urei.  17.  Spirif&ra  conmdiUa, 

3.  Poteriocrinusfiui/onfns,  18.  „        lawiinoia. 

4.  Serpnlites  oarbanariM,  19.  Ath^frii  ambufua, 

5.  Ottrdood,  possibly  Carbimia,  20.  Dielatma  hastata, 

6.  FenuteUa  sp.  21.  ChoneUi  Lacue$»iana. 

7.  Rhahdomeum  gracile.  22.  Bhynokonella  prob.  triangMlarU, 

8.  Polypora  sp.  T  23.  Ortkotetes  erenistria. 

9.  Polyzoa  genus  1  24.  Myalina  pemoidtt, 

\0,  LingulamytiloideB,  25,  Actiiu*pteria  persvicata, 

11.  Cranial  26.  Pteronites anffustatvs, 

12.  Productvs  temiretie^tlatvi,  27.  Bellerophon  Urei, 

13.  „         itriatus.  28.  Poreellio  pnzio, 

14.  „         jfunotatwt?  29.  Strepsodni  tauroides, 

15.  i»         giganteM.  30.  Labyrinthodon, 

1,  4,  6,  7,  8,  9,  and  18  determined  by  Dr.  G.  J.  H. ;  3,  Mr.  F.  A.  B., 
also  2, 1  think,  but  it  is  quite  unmistakable  ;  30,  Dr.  H.  Woodward  ;  the 
remainder  by  Dr.  W.  Hind. 


The  Movements  of  UTtdet^groitTid  Waters  of  North-west  Yorkshire, — 
Fourth  Report  of  the  Committee^  consisting  of  Professor  W.  W. 
Watts  {Chairman)^  Mr.  A.  R.  Dwerryhouse  (Secretary)^  Pro- 
fessor A.  Smithells,  Rev.  E.  Jones,  Mr.  Walter  Morrison, 
Mr.  George  Bray,  Rev.  W.  Lower  Carter,  Mr.  T.  Fairley,  Mr. 
Percy  F.  Kendall,  and  Mr.  J.  E.  Marr,  (Draicn  up  by  the 
Secretartj.) 

[Platbs  II.  AND  in.] 

Thb  Committee  is  carrying  out  the  work  in  conjunction  with  a  committee 
of  the  Yorkshire  Geological  and  Polytechnic  Society. 

On  April  4  the  members  of  the  joint  committee  resumed  the  work  of 
tracing  the  underground  waters  of  Ingleboro',  described  in  previous  reports. 

On  that  day  half  a  pound  of  fluorescein  was  put  into  the  sink  at  the 
Washfold  (P  52)  on  Bent  Hill  Rig,  Park  Fell,  at  2.15  p.m.  This  had 
almost  disappeared  at  6.15  p.m.,  when  a  second  half-pound  was  intro- 
duced, this  being  arranged  so  as  to  flow  in  slowly  and  keep  up  the  supply 
for  a  considerable  time.  The  stream  was  still  coloured  on  April  5  at 
1.30  P.M.,  when  the  remainder  of  the  charge  was  sent  down  in  a  flush. 
The  stream  was  slowly  dwindling  on  the  5th,  it  having  been  in  flood  on 
the  previous  day. 

All  the  springs  in  the  neighbourhood  were  carefully  watched  for  several 
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days,  but  as  yet  no  result  has  been  observed.  This  sink  will  be  again 
tested  during  the  current  year. 

While  waiting  for  the  result  of  the  above  experiment  the  survey  of  the 
underground  passages  in  the  neighbourhood  of  Alum  Pot  was  continued. 

Previous  experiments  tried  at  the  stream  sinking  at  P  14  on  Farrar's 
Allotment  having  been  without  result,  2  lb.  of  fluorescein  were  put  in 
there  at  7  p.m.  on  June  26. 

A  look-out  was  kept  at  all  the  springs  from  Austwick  Beck  Head  to 
Turn  Dub  for  a  period  of  ten  days,  and  also  by  residents  in  the  neighbour- 
hood up  to  the  time  of  the  next  visit  of  the  Committee,  but  without  result. 

On  the  day  following  the  introduction  of  the  test  there  was  a  very 
heavy  flood,  which  may  account  for  the  non-success  of  the  experiment. 
This  stream  will  be  tried  again  as  soon  as  favourable  conditions  occur. 

Streams  near  Ribblehead  Station, 

S  102  is  a  small  spring  issuing  from  the  grit  beds  of  the  Yoredale 
Series,  above  Keld  Bank,  on  Park  Fell.  The  stream  from  this  spring 
sinks  at  P  73,  about  half  a  mile  south-west  of  the  station,  at  a  height  of 
1,240  feet  above  the  sea. 

A  quarter  of  a  pound  of  fluorescein  was  introduced  at  P  73  at  noon  on 
June  29,  and  was  seen  at  S  103  at  3.30  p.m.  on  the  same  day.  It  again 
sank  at  P  74,  and  reappeared  at  S  104  at  3.35. 

About  30  yards  below  S  104  the  stream  has  been  partially  diverted  to 
P  76,  but  a  portion  flows  down  the  natural  channel  to  P  75. 

By  turning  the  whole  stream  alternately  down  P  75  and  P  76  it  was 
possible  to  trace  both  lines  of  flow. 

First  the  stream  i^as  turned  down  the  normal  channel  to  P  75,  and  the 
fluorescein  was  seen  at  P  77  at  4.35  p.m.,  where  it  again  sank,  and  was 
seen  half  an  hour  later  in  P  78. 

Secondly,  the  flow  havinp^  been  diverted  into  the  artificial  channel  to 
P  76,  the  colour  was  seen  in  a  trough  at  Brock  Holes,  the  flow  being 
partly  by  a  natural  channel  parallel  to  the  main  joints  in  the  limestone, 
and  partly  by  a  pipe  to  supply  the  trough. 

Fluorescein  was  next  put  into  P  67.  and  was  traced  by  S  95,  P  68,  S  69, 
P  69,  and  S  97,  to  P  70,  where  it  finally  sank. 

The  fluorescein  from  all  the  above  streams  emerged  at  S  99,  below  the 
Station  Hotel  at  Ribblehead,  and  subsequently  at  Batty  Wife  Hole,  S  100. 
It  then  flowed  overground  to  P  72,  where  it  again  sank,  to  come  to  light  at 
S  101.  near  the  bank  of  the  Ribble  below  Gauber  Farm,  and  so  into  the  river. 

The  spring  at  S  101  is  similar  in  appearance  to  Turn  Dub,  described 
in  the  last  report  of  the  Committee,  but  is  much  smaller. 

In  wet  weather  the  excess  of  water  from  Batty  Wife  Hole  flows  over 
the  surface,  by  way  of  Batty  Wife  Beck,  into  the  Ribble,  which  it  then 
joins  some  100  yards  further  up-stream  than  the  water  which  goes  under- 
ground. 

Streams  near  Colt  Park  Farm. 

The  streams  sinking  at  P  62,  P  63,  and  P  64,  near  High  Bam,  were 
found  to  unite  in  the  spring  at  S  89  and  to  flow  overground  to  Colt  Park 
Farm,  where  the  water  sank,  to  reappear  at  S  90,  whence  it  flowed  over- 
ground for  a  few  yards  and  again  sank.  This  water  was  again  seen  in 
the  spring  S  93,  in  Salt  Lake  Quarry,  where  it  forms  a  waterfall  visible 
from  the  railway.     It  then  crosses  beneath  the  railway  and  sinks  in  a 
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nasi  of  glacial  gravel  at  P  65,  below  which  point  we  were  unable  to  trace 
its  course. 

The  fluorescein  from  the  flows  just  described  having  been  allowed  to 
pass  off,  the  streams  sinking  at  P  48  and  P  49  near  Bent  Hill  Big  Barn 
were  next  tested.  These  were  found  to  unite  and  to  flow  along  a  master 
joint  in  the  limestone  via  P  59  and  P  60,  and  then  to  turn  down  a  cross- 
joint  to  S  88,  on  Ashes  Shaw  Pasture  Rocks.  From  S  88,  after  an  over- 
ground journey  of  about  ten  yards,  the  water  sinks  at  P61,  and  again 
resumes  the  direction  of  the  master  joints,  running  parallel  to  the  hillside 
to  Rake  Spring,  S  91. 

The  stream  from  Rake  Spring  flows  overground  past  the  south  end  of 
Salt  Lake  Quarry,  beneath  the  railway,  and  through  Ashes  Gill  Planta- 
tion to  P  66,  on  Ashes  EUer  Bank,  where  it  sinks  in  glacial  drift  near 
the  river. 

Sinks  on  Fell  Close, 

There  are  three  streams  flowing  over  Fell  Close,  viz.  Keld  Bank  Spring 
East,  sinking  at  P  79,  Fairweather  Spring  East ;  sinking  at  P  80,  and  Fair- 
weather  Spring  West  at  P  81. 

These  three  streams  were  found  to  unite,  and  to  issue  at  Eller  Keld 
Spring,  S  106,  whence  the  water  flows  into  the  bed  of  Winterscale  Beck, 
otherwise  known  as  Haws  Gill,  where  it  again  sinks  to  join  the  main 
drainage  of  Chapel-le-Dale,  which  will  be  described  later. 

Proceeding  southwards,  the  next  stream  is  Keld  Bank  Spring  West, 
which  sinks  on  Scar  Close  Moss,  at  P  82. 

Fluorescein  was  put  into  P  82  at  12  noon  on  July  4,  and  was  seen  at 
S  105  and  P  83  at  5  p.m.  on  the  same  day,  and  on  the  following  day  at 
P  84,  and  at  Eller  Keld  Spring,  S  106. 

The  group  of  smaU  streams  sinking  at  P  93,  on  Fenwick  Lot,  are 
almost  dry  in  summer,  and  have  not  yet  been  tested.  They  probably  fall 
into  Douk  Cave,  P  95,  but  this  will  be  determined  in  due  course. 

The  Wash/old  on  Souther  Scales  Fell 

The  group  of  streams  sinking  at  the  Washfold,  P  94  and  96,  on  Souther 
Scales  Fell,  were  tested  on  June  30,  at  2.30  p.m.,  and  the  fluorescein  was 
seen  in  Douk  Cave,  P  95,  at  3.50  the  same  afternoon,  having  traversed  a 
well-marked  joint  running  N.  10®  W.,  via  the  pothole  known  as  Little 
Douk  Cave. 

In  Douk  Cave  the  water  again  sinks,  and  the  green  colour  was 
observed  in  Chapel  Beck,  in  the  pool  below  Gods  Bridge,  at  1  p.m.  on 
July  3,  and  was  much  stronger  at  2.30  p.m. 

The  stream  was  low  at  the  time,  and  there  was  little  water  above 
Gods  Bridge.  Weathercote  Cave,  P  88,  and  Hurtle  Pot,  P  90,  were  care- 
fully watched  from  June  30  to  July  3,  but  no  trace  of  fluorescein  was  to 
be  seen  in  either.  The  conclusion  arrived  at  was,  therefore,  that  the  water 
from  Douk  Cave  joins  Chapel  Beck  on  some  part  of  its  underground 
journey  between  Hurtle  Pot  and  Gods  Bridge. 

The  main  joint  at  Douk  Cave  runs  N.  65  W.,  and  this,  if  continued, 
would  strike  the  main  stream  in  the  neighbourhood  of  the  Vicarage,  which 
agrees  very  well  with  the  conclusion  mentioned  above. 

The  small  streams  sinking  at  P  97,  P  98|  and  P  99,  sUl)  remain  tp  be 
tested* 
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Mere  GUI  Hole. 

Mere  Gill  rises  on  the  upper  slopes  of  Ingleboro*,  and  flows  down 
the  hollow  known  as  Humphry  Bottom,  and  sinks  in  a  large  open  joint 
running  N.  50  W.  at  Mere  Gill  Hole,  on  Mere  Gill  Piatt. 

Mere  Gill  was  charged  with  fluorescein  at  1  p.m.  on  July  4,  and  the 
colour  was  observed  on  the  following  morning  in  the  spring  S  111,  on  ^e 
left  bank  of  Chapel  Beck,  immediately  above  Gods  Bridge,  and  almost  in 
the  direct  line  of  the  master  joint  at  Mere  Gill  Hole.  From  Sill  the 
water  passed  under  Gods  Bridge  by  way  of  P  91,  and  reappeared  below 
the  bridge  at  S  112. 

The  small  streams  sinking  at  P  101  and  102,  on  Black  Shiver  Moss,  to 
the  south-west  of  Mere  Gill  Hole,  have  not  as  yet  been  tested. 

Passing  along  the  hillside  in  a  south-westerly  direction,  the  next 
stream  of  importance  is  that  at  Crina  Bottom,  the  course  of  which  has 
been  described  in  a  previous  report. 

Long  Kin  West. 

The  group  of  potholes  known  as  Long  Kin  West>  P  108,  was 
examined,  and  it  was  found  that  no  water  was  flowing  into  them,  nor  was 
there  any  evidence  that  a  stream  had  lately  occupied  any  of  them,  and, 
consequently,  no  test  was  possible. 

By  visiting  these  pots  during  heavy  rain,  when  there  is  a  large  amount 
of  local  surface  drainage,  we  may  be  able  to  connect  them  with  some  of 
the  neighbouring  springs. 

Grey  Wife  Sike. 

On  referring  to  the  first  report  of  the  Committee,  it  will  be  found  that 
an  unsuccessful  attempt  was  made  to  trace  the  water  flowing  down  P  1, 
at  the  foot  of  Grey  Wife  Sike. 

On  that  occasion  methylene  blue  was  employed,  and,  as  that  reagent 
has  since  been  found  to  be  practically  useless  for  our  purposes,  we  deter- 
mined to  try  again  with  fluorescein. 

Accordingly,  about  half  a  pound  of  fluorescein  was  introduced  at  P  1  on 
July  2,  and  another  similar  quantity  on  July  4.  This  came  out  at  Moses 
Well,  S  7,  a  large  spring  on  the  right  bank  of  Clapham  Beck,  on  the  5th 
and  6th. 

The  River  Greeta. 

The  last  piece  of  work  undertaken  this  year  was  the  tracing  of  the 
underground  course  of  the  main  stream  in  Chapel-le-Dale. 

This  stream  flows  underground  in  many  places  in  normal  weather, 
but  when  in  flood  occupies  a  well-worn  channel  on  the  surface. 

The  upper  part  of  the  stream,  above  Weathercote,  is  known  as  Winter- 
scale  Beck,  the  portion  between  Weathercote  and  Gods  Bridge  as  Chapel 
Beck,  and  from  that  point  down  to  Ingleton  as  the  river  Greeta. 

The  stream  rises  on  the  moors  near  the  tunnel  of  the  Midland  Rail- 
way, above  the  Ribblehead  Viaduct,  and  soon  sinks  in  a  series  of  pot- 
holes, there  being,  however,  a  well-marked  open  flood  channel. 

The  whole  stream  again  comes  to  the  surface  at  the  mouth  of  Gate 
Kirk  Cave,  S  107,  and  another  large  spring  a  few  yards  away. 

It  then  flows  through  several  large  pools,  and  again  goes  underground 
at  P  85,  leaving  the  stream  bed  dry,  to  again  emerge  about  seventy  yards 
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further  down  at  S  109.  It  again  sinks  at  the  foot  of  Haws  Gill,  P  87, 
where  it  is  joined  by  the  water  from  Eller  Keld  Spring. 

Except  in  cases  of  exceptional  flood,  the  bed  of  the  stream  below  this 
point  is  dry,  and  from  the  point  where  Philpin  Lane  crosses  the  chaunel, 
to  Philpin  Hole,  it  is  occupied  by  meadow  land,  which  shows  no  sign  of 
having  been  recently  overflowed. 

In  the  clough  above  Weathercote  Ciive  the  water  can  be  heard  below 
the  stream  bod,  and  actually  comes  to  the  surface  in  several  places  in  wet 
weather.  It  emerges  in  the  fine  waterfall  in  Weathercote  Cave,  and  again 
passes  below  the  limestone  at  the  bottom  of  that  pot. 

The  water  sinking  in  Weathercote  Cave  then  passes  through  the  pool 
at  the  bottom  of  Hurtle  Pot,  and  finds  its  way  beneath  the  surface  to 
Gods  Bridge,  where  it  finally  comes  to  light,  and  flows  off  the  carboniferous 
limestone  on  to  the  Silurian  rocks  some  200  yards  farther  down  stream. 

In  extremely  wet  weather  Weathercote  Cave  fills  up  and  overflows  at 
the  surface,  washing  over  the  carriage  drive,  and  flows  into  Jingle  Pot, 
and  also  down  the,  at  other  times  deserted,  river  bed. 

Hurtle  Pot,  when  th^  stream  is  in  moderate  flood,  makes  an  extremely 
weird  noise,  similar  to  that  produced  by  the  inrush  of  water  and  air  when 
the  plug  is  removed  from  the  bottom  of  a  lavatory  basin,  but  immeasurably 
louder.  This  noise  is  caused  by  the  suction  of  air  tlirough  gigantic  eddies 
produced  in  the  deep  pool  at  the  bottom  of  the  pot. 

In  extremely  heavy  flood  Hurtle  Pot  fills  up  and  overflows  into  the 
surface  channel,  thus  acting  in  a  manner  precisely  similar  to  Footnaw's 
Hole,  described  in  the  last  report  of  the  committee. 

The  surface  channel  from  Chapel-le-Dale  Church  to  Gods  Bridge  is 
usually  dry,  but  is  occupied  by  the  stream  when  in  flood. 

The  underground  channel  seems  to  follow  the  direction  of  the  open 
one  very  closely,  as  the  water  can  be  heard  at  many  points,  and  appears 
at  the  surface  in  wet  weather. 

The  following  is  the  fluorescein  record  from  which  the  above  has  been 
deduced  : — 

Two  pounds  of  fluorescein  put  into  the  stream  just  below  the  mouth  of 
Gate  Kirk  Cave,  on  the  morning  of  August  23  :  Sank  at  P  85,  and  emerged 
at  S  108  at  1  p.m.  ;  sank  at  P  86  at  1.30  p.m.  ;  seen  at  S  109  and  P  87 
at  2  P.M. 

AtiffU8t  24. — Seen  in  Weathercote  Cave  at  9.15  a.m.  ;  seen  in  Hurtle 
Pot  at  10  A.M. 

August  26.— Arrived  at  S  112  (Gods  Bridge)  at  12  noon. 

It  will  be  seen  that  the  work  on  Ingleboro'  is  now  almost  completed. 
It  only  remains  to  test  two  streams  which  have  hitherto  proved  refractory, 
and  one  or  two  small  streams  on  the  west  side  of  the  hill.  These  latter 
should  offer  little  difficulty,  as  the  main  flows  on  both  sides  of  them  have 
been  determined,  and  their  possible  range  thus  limited. 

We  have  been  unable  as  yet  to  carry  out  the  proposed  borings  at  Turn 
Dub,  owing  to  the  absence  of  the  owner  of  the  property  in  South  Africa, 
and  our  consequent  inability  to  obtain  the  necessary  permission. 

Through  the  courtesy  of  the  Yorkshire  Ramblers'  Club  Mveral  members 
of  the  joint  committee  were  enabled  to  make  the  descent  of  Gaping  Gill, 
the  pothole  mentioned  in  the  first  report  of  the  Committee,  and  to  explore 
the  extensive  system  of  chambers  and  passages  at  the  bottom  of  the  shaft. 

The  thanks  of  the  Committee  are  due  to  the  following  g^]^^^fien,  who 
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have  kindly  assisted  them  in  their  work  : — Professor  Thompson  and  Mr. 
E.  J.  Edwards,  of  the  Yorkshire  College ;  Mr.  Metcalfe,  of  Weathercote  ; 
Mr.  Sydney  Calow  ;  Mr.  R.  Nowell,  of  Ribblehead  ;  Mr.  Percy  Lamb,  of 
Clapham  ;  Mr.  Taylor,  of  Orummack  ;  and  Mr.  Cook  and  Mr.  Hunt,  of 
Horton-in-Bibblesdale. 

The  Committee  asks  to  be  reappointed,  and  to  be  allowed  to  retain  the 
unexpended  balance  of  the  grant  made  at  the  Belfast  meeting. 


Photographs  of  Geological  Interest  in  the  United  Kingdom, — Fourteenth 
Report  of  the  Committee^  consistin^g  of  Professor  James  Geikie 
(Chairman)^  Professor  W.  W.  Watts  {Secretary)^  Professor  T.  G. 
BoNNEY,  Professor  E.  J.  Garwood,  Professor  S.  H.  Reynolds, 
Dr.  Tempest  Anderson,  Mr.  Godfrey  Bingley,  Mr.  H.  Coates, 
Mr.  A.  K.  CoomAraswAmy,  Mr.  C.  V.  Crook,  Mr.  J.  G.  Good- 
child,  Mr.  William  Gray,  Mr.  Robert  Kidston,  Mr.  J.  St.  J. 
Phillips,  Mr.  A.  S.  Reid,  Mr.  J.  J.  H.  Teall,  Mr.  R.  Welch, 
and  Mr.  H.  B.  Woodward.     (Draivn  up  by  the  Secretaiy.) 

The  Committee  have  to  report  that  during  the  year  463  new  photographs 
have  been  received,  bringing  the  total  number  in  the  collection  to  3,771. 
This  exceeds  by  50  the  largest  number  of  new  photographs  previously 
recorded  in  a  single  year,  and  the  yearly  average  now  reaches  268.  About 
60  additional  photographs  have  been  sent  in  since  this  Report  was  written. 

The  usual  geographical  scheme  is  appended.  Brecknock,  Cardigan, 
Nairn,  and  Ross  appear  for  the  first  time,  and  very  substantial  additions 
are  made  to  Cheshire,  Dorset,  Norfolk,  Yorkshire,  Glamorgan,  the  Channel 
Islands  and  Scilly,  Inverness,  Sutherland,  Antrim,  and  Louth.  The  fol- 
lowing twenty-five  counties  are  still  entirely  unrepresented : — Cambridge, 
Huntingdon,  Rutland,  Carmarthen,  Clackmannan,  Dumbarton,  Dumfries, 
Kincardine,  Kinross,  Roxborough,  Selkirk,  Carlow,  Kildare,  Kilkenny, 
King's  Co.,  Lei  trim,  Longford,  Monaghan,  Queen's  Co.,  Roscommon, 
Tyrone,  Waterford,  Westmeath,  Wexford,  and  Wicklow. 

The  high  standard  mentioned  in  the  last  Report  is  maintained,  the 
photographs  being  usually  taken  in  sets  and  with  a  definite  geological  aim. 
Mr.  W.  Jerome  Harrison  sends  two  large  series  taken  to  illustrate  glacial 
phenomena  on  the  Norfolk  and  Holdemess  cliffs.  Mr.  Morton  and  Mr. 
Howard  contribute  illustrations  from  Brecknock  ;  Mr.  R.  H.  Preston  from 
the  Scilly  Islands  ;  Mr.  Guiton  from  Jersey  ;  and  Mr.  Maidwell  from  the 
Nuneaton  district.  Mrs.  Coomdraswdmy  has  taken  several  series  from  the 
north  of  Scotland  and  of  Ireland  ;  Mr.  Wright  a  useful  set  from  Dublin  ; 
and  Mr.  Lamond  Howie  some  interesting  Scottish  mountain  photographs. 
The  Croydon  Natural  History  and  Scientific  Society  continues  to  illus- 
trate the  geology  of  Surrey  ;  Dr.  Abbott  that  of  Durham  ;  Mr.  Hopkinson 
that  of  Bedfordshire  ;  and  Mr.  Hodson  that  of  Leicestershire. 

The  members  of  the  Committee  have  not  been  idle,  as  is  testified  by 
Professor  Reynolds'  series  from  Dorset,  Gloucestershire,  Somersetshire, 
Glamorgan,  Antrim,  Down,  and  Kerry  ;  Mr.  Bingley's  sets  from  Cheshire 
and  Yorkshire  ;  Mr.  A.  K.  CoomdraswAmy's  series  from  Ross,  Sutherland, 
and  Berwick  ;  Professor  Garwood's  contribution  from  Westmoreland  ; 
Mr.  Teairs  pliotographs  from  Hertfordshire  ;  and  Mr.  A.  S.  Reid's 
continuation  of  his  series  from  Eigg  and  Perthshire. 
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To  all  those  contributors  named  and  to  the  following  the  Committee 
desire  to  tender  their  warmest  thanks  for  photographs  received  or  help 
rendered  :  Mr.  J.  B.  Scrivener,  Mr.  C.  M.  Gillespie,  Mr.  Howard  Fox, 
Mr.  G.  T.  Atchison,  Mr.  A.  Wheen,  Mr.  E.  M.  Wrench,  Mr.  H.  A. 
Hinton,  Mr.  R.  H.  Rastall,  Mr.  C.  H.  B.  Epps,  Mr.  F.  Greenwood,  Mr. 
A.  A.  Armstrong,  Mr.  W.  G.  Fearnsides,  Mr.  J.  H.  Baldock,  Mr.  N.  F. 
Robarts,  Mr.  C.  G.  Cullis,  Mr.  Caradoc  Mills,  Mr.  G.  E.  Blundell,  Mr. 
H.  W.  Monckton,  Mr.  E.  K.  Hall,  and  Mr.  H.  B.  Woodward. 

A  few  photographs  have  been  received  for  the  duplicate  series,  but 
will  be  held  over  for  the  present.  This  collection  has  been  sent  during 
the  year  to  natural  history  societies  at  Winchester  and  Croydon,  and 
accounts  of  the  work  have  been  given  by  Mr.  Whitaker. 


1  PreriouB  CoUec- 
tion 

Additions 
(1908) 

Total 

England— 

BedfordHhire    .... 

4 

2 

6 

Berkshire . 

5 

— 

5 

BnokiiighamBhire 

7 

1 

8 

Cambridgeshire 

— 

— 

— 

Cheshire  . 

46 

23 

69 

Cornwall  . 

60 

7 

57 

Cumberland 

39 

4 

48 

Derbyshire 

44 

1 

45 

Devonshire 

175 

3 

178 

Dorset      . 

101 

35 

136 

Durham   . 

117 

19 

136 

Essex 

6 



6 

Gloucestershire 

51 

16 

67 

Uampehire 

36 

— 

36 

Herefordshire  . 

1 

— 

1 

Hertfordshire   . 

10 

5 

15 

Huntingdonshire 

— 

— 

— 

Kent 

79 

2 

81 

Lancashire 

68 

1 

69 

Leicestershire  . 

138 

6 

144 

Lincolnshire 

6 



6 

Middlesex 

7 



7 

Monmouth 

5 



5 

Norfolk    . 

23 

44 

67 

Northamptonshire 

6 

— 

6 

Northumberland 

70 

3 

73 

Nottinghamshire 

14 

— 

14 

Oxfordshire 

1 

— 

1 

Rutlandshhre    . 



— 

— 

Shropshire 

51 

3 

54 

Somersetshire  . 

66 

4 

70 

Staffordshire    . 

53 



53 

Suffolk     . 

21 



21 

Surrey 

47 

7 

54 

Sussex 

12 

— 

12 

Warwickshire  . 

39 

6 

44 

Westmoreland . 

78 

4 

82 

WUtshire  . 

5 

2 

7 

Worcestershire 

26 



26 

Yorkshire 

544 

60 

604 

Total     . 

2,051 

267 

2,308 
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'  Previous  CoUec- 
Uon 

Additions 
(1908) 

Total 

WALB8— 

Anglesey 5 

— 

5 

Brecknockshire        ...                — 

8 

8 

Cardiganshire  ....                — 

1 

1 

Carmarthenshire      ...                — 

— 

— 

Carnarvonshire         ...                92 

4 

96 

Denbighshire    ....                 16 

— 

16 

Flintshire         .        .        .        .  ,                5 

— 

5 

Glamorganshire        .        .        .                41 

13 

54 

Merionethshire         ...                19 

— 

19 

Montgomeryshire     ...                11 

— 

11 

Pembroke«hire .        ...                15 

— 

15 

Radnorshire      ....                20 

__ 

20 

Total 224 

26 

250 

Chaknbl  Islands  .       .        .  :             15 

23 

38 

Isle  of  Man  . 

SOOTliAND— 

!              60 

— 

60 

Aberdeenshire ....                  6 

— 

6 

Argyllshire       . 

20 

3 

23 

Ayrshire  . 

6 

— 

6 

Banffshire 

11 

— 

11 

Berwickshire    . 

4 

5 

9 

Bute 

1                 6 

— 

6 

Caithness . 

.  1                4 

— 

4 

— 

— 



Dumbarton 

— 

— 

— 

Dumfries  . 

— 

— 

— 

Edinburgh 

47 

— 

47 

Elgin 

9 

— 

9 

Fif  eehire  . 

24 

— 

24 

Forfarshire 

7 

— 

7 

Haddingtonshire 

4 

— 

4 

Inverness . 

115 

23 

138 

Kincardine 

— 

— 

— 

Kinross     . 

— 

— 

— 

Kirkcudbright . 

3 

— 

3 

Lanarkshire 

11 



a 

Linlithgow 

2 

— 

2 

Nairn 

— 

2 

2 

Orkney  and  Shetlan 

i 

3 

3 

Perthshire 

22 

2 

24 

Benfrewshire    . 

1 

— 

1 

Ross-shire 

— 

19 

19 

Roxborough 

— 

— 

— 

Selkirk     . 

1               — 

— 

— 

Stirlingshire     . 

;        15 

— 

15 

Sutherlandshire 

6 

42 

48 

Wigtown. 

— 

96 

— 

Total    . 

• 

• 

1            326 

422 
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'  Previous  Collec- ' 
tion 

Additions 
(1908) 

Total 

Ireland— 

Antrim     . 

2H9 

34 

273 

Armagh    . 

2 

— 

2 

Carlow 

— 





Gavan 

!     .'            1 



1 

cure 

13 



13 

Cork 

2 



2 

Donegal   . 

60 

— 

50 

Down 

88 

10 

98 

Dublin 

33 

6 

39 

Fermanagb 

5 

— 

5 

Galway     . 

29 

— 

29 

Kerry 

26 

4 

30 

Kildaro     . 

— 

— 



Kilkenny . 







King's  Co. 

— 

— 



Leitrim     . 

— 





Limerick  . 

2 



2 

Londonderry    . 

.         .                  23           j 

— 

23 

Longford  . 

— 

— 

Louth 

.         .                    I 

7 

8 

Mayo. 

14 

— 

11 

Meath       . 

2 

— 

2 

Monaghan 

— 

— 

— 

Queen's  Co. 

— 

— 

— 

KoBcommon 

—           1 

— 

— 

Sligo 

5 

— 

5 

Tipperary 

1 

— 

1 

Tyrone      . 

— 

— 

— 

Waterford 



. 



Westmeath 







Wexford  . 







Wicklow  . 

— 

— 

— 

Total    . 

536 
Sec.     .         .                 96 

61 

697 

Rock  Steuctuees,  , 

96 

FOBEION     . 

— 

— 

England  , 

2.051 

257 

2,308 

Wales      . 

224 

26 

260 

Channel  Islands 

15 

23 

38 

Isle  of  Man    . 

60 

— 

60 

Scotland 

326 

96 

422 

Ireland    . 

536 

61 

597 

Bock  Stbuctuees,  ^ 

ko.      .         .                  96 

— 

96 

FOBEIGN     . 

— 

— 

— 

Total    . 

3,308 

463 

3,771 

The  collection  is  stored  at  the  Museum  of  Practical  Geology,  Jermyn 
Street,  and  the  Committee  wish  to  express  their  thanks  to  the  Director 
and  to  Mr.  Crook  for  the  care  taken  of  it  and  the  space  devoted  to  it. 

The  second  of  the  three  contemplated  issues  of  the  published  series  of 
photographs  has  been  sent  to  subscribers.  The  issue  consists  of  eighteen 
iialf  plates,  four  quarter-plates,  and  four  whole-plates,  and  it  has  been 
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published  in  the  form  of  mounted  and  unmounted  prints  and  lantern- 
slides.  The  negatives  were  contributed  by  thirteen  photographers,  and 
the  descriptions  hj  twenty  geologists.  To  all  who  have  thus  contributed 
to  the  success  of  the  issue  the  Committee  give  their  best  thanks. 

The  process  of  selection  for  the  third  issue  is  well  advanced,  and  it  is 
hoped  that  publication  will  take  place  early  next  year. 

The  Committee  are  prepared  to  publish  a  second  series  if  there  is  a 
demand  for  it.  The  number  of  names  at  present  sent  in  is  only  about 
sixty,  and  at  least  twice  that  number  would  be  required  to  put  the  issue 
on  a  possible  financial  basis.  The  first  two  issues  of  the  first  series  show 
a  small  profit.  The  Committee  intend  to  apply  one-half  to  the  purposes 
of  the  collection,  and  thus  avoid  calling  upon  the  Association  for  any 
grant  for  a  few  years,  while  they  are  returning  the  other  half  to  the 
subscribers  in  the  form  of  additional  photographs.  The  subscribers  have 
already  received  an  ^interim  dividend'  (rather  a  larger  one  than  the 
present  profits  warrant)  in  the  form  of  four  whole-plate  photographs  and 
additional  slides. 

With  regard  to  finances,  it  seems  a  good  opportunity  to  state  that  there 
has  been  granted  to  the  Committee  since  1889  the  sum  of  130/.,  of  which 
they  have  spent  lOll.  lOs,  This  sum  has  been  used  in  acquiring,  mounting, 
and  storing  8,77 1  photographs.  In  other  words,  the  Association  has  obtained 
this  valuable  and  unique  collection  at  the  cost  of  rather  less  than  6^^. 
per  print.  In  addition  to  this,  it  possesses  a  duplicate  collection  of  over 
450  prints  and  slides,  and,  if  the  publication  scheme  continues  to  turn  out 
well,  the  money  invested  by  the  Association  will  yield  a  further  similar 
return  for  the  next  four  or  ^ve  years. 

Applications  by  Local  Societies  for  the  loan  of  the  duplicate  collection 
should  be  made  to  the  Secretary.  Either  prints  or  slides,  or  both,  can  be 
lent,  with  a  descriptive  account  of  the  slides.  The  carriage  and  the 
making  good  of  any  damage  to  slides  or  prints  are  expenses  borne  by  the 
borrowing  society. 

The  Committee  recommend  that  they  be  reappointed,  without  a  grant 
and  with  the  addition  of  Mr.  W.  Jerome  Harrison  Und  Mr.  W.  Whitaker. 


FOURTEENTH  LIST   OF   GEOLOGICAL   PHOTOGRAPHS. 
(To  August  17,  1903.) 

This  list  contains  the  geological  photographs  which  have  been 
received  by  the  Secretary  of  the  Committee  since  the  publication  of  the 
last  report.  Photographers  are  asked  to  affix  the  registered  numbers, 
as  given  below,  to  their  negatives  for  convenience  of  future  reference. 
Their  own  numbers  are  added  in  order  to  enable  them  to  do  so. 

Copies  of  photographs  desired  can,  in  most  instances,  be  obtained 
from  the  photographer  direct,  or  from  the  officers  of  the  local  society 
under  whose  auspices  the  views  were  taken. 

The  price  at  which  copies  may  be  obtained  depends  on  the  size  of  the 
print  and  on  local  circumstances  over  which  the  Committee  have  no  control. 

The  Committee  do  not  assume  tlie  copyright  of  any  photograplis 
included  in  this  list,  (nquiries  respecting  photographs,  and  applications 
tor  permission  to  reproduce  them,  should  be  addressed  to  the  photographers 
direct. 
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It  is  recommended  that,  wherever  the  negative  is  suitable,  the  print  be 
made  by  the  cold-bath  platinotype  process.  The  very  best  photographs 
lose  half  their  utility,  and  all  their  value  as  documentary  evidence,  unless 
accurately  described  ;  and  the  Secretary  would  be  grateful  if,  whenever 
possible,  such  explanatory  details  as  can  be  given  are  written  on  the  forms 
supplied  by  him  for  the  purpose,  and  not  on  the  back  of  the  photograph 
or  elsewhere.  Much  labour  and  error  of  transcription  would  thereby  be 
saved.  It  is  well,  also,  to  use  a  permanent  ink  for  this  purpose.  A  local 
number  by  which  the  print  and  negative  can  be  recognised  should  be 
written  on  the  back  of  the  photograph  and  on  the  top  right-hand  comer 
of  the  form. 

Copies  of  photographs  should  be  sent  unmounted  to  W.  W.  Watts, 
The  University,  Birmingham,  and  forms  may  be  obtained  from  him. 

The  size  of  photographs  is  indicated  as  follows  : — 


L  =  Lantern  size. 
1/4  =  Quarter-plate. 
1/2  =  Half -plate. 


1/1=  Whole-plate. 
10/8  =  10  inches  by  8. 
12/10  =  12  inches  by  10,  &c. 


B  signifies  Enlargements. 

♦  Indicates  that  photographs  and  slides  may  be  purchased  from  the  donors,  or 
obtained  through  the  address  given  with  the  series. 

LIST  I. 
ACCESSIONS  IN  1902-1003. 

ENGLAND. 

Bedfordshire. — Photographed  by  J.  Hopkinson,  F.G.S.^  Weeiwood^ 

Watford,     1/4. 

8296    (12)  Stone   Lane  Pits,    Heath,    Ferruginous  Sandstone  in  Lower  Qreen- 
Leighton  Buzzard.  sand,  Boulder-clay  on  top.    1902. 

8296  (13)  Castle  Hill  Pit,   Clophill,    10'  Clay  in  thin  layers  in  Lower  Green- 

AmpthiU.  sand.    1902. 

Buckinghamshire. — Photographed  by  J.  Hopkinson,  F.G.S.^    Weetwoody 

Watford.     1/4. 

8297  (11)  Eddleborough  Choroh,  near    Outlier  of  Tottemhoe  Stone.     1902. 

Dunstable. 

Cheshire. — PhotograpJied  by  Godfrey  Bingley,  Thomiehurst^ 
Headvngley^  Leeds.     1/4. 

8298  (6117)  Meolse,  near  Hoylake      .    Submerged  Forest.    1903. 

8299  (6118)   „ 

8800  (6119)  „ 

8801  (6120)  „ 

8802  (6121)  „ 
8808  (6122)  „ 
8804  (6123) 
8806  (6124) 


8806  (6125)      „ 

8807  (6112)  Hilbre  Point,  near  West    Banter  Sandstone. 

Kirby. 

8808  (6128)  Middle  Island,  HUbre    . 

8809  (6129)  „  „       .        . 
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^:^ 

3310 

(6130)  Hilbre  Island 

Biinter  Sandstone. 

1903. 

3311 

(6132)      „           ..North  . 

»» 

Cross-bedding.    1903 

3312 

(6136)      „           .,      ..       . 

»♦ 

»»                                      M 

3313 

(6138)      „ 

)> 

*t                                     11 

3314 

(6131)      „           „              .        . 

»» 

»»                                      »» 

3316 

(6134)      .. 

»« 

♦»                                      «1 

3316 

(6135)      ., 

}* 

f»                                      If 

3317 

(6142)  Higher  Bebington  . 

.    Keaper  Sandstone,  Fault.     1903. 

3318 

(6141)        ,. 

»» 

»t                           >l 

3319 

(6140)        „ 

»» 

t*                           »* 

3320 

(6138)        „ 

.    Sandstone  slab  with  Footprints.    1903. 

Cornwall. — Photographed  by  J.  B.  Scrivenor,  M.A.,  F.G.S.^ 
28  Jemiyn  Street,  S.  W,     1  /4. 


8321  (1)  Cligga  Head 

8322  (3)      ., 


Alternations  of  Granite  and  Greisen.  1902. 
Greisen  Bands.    1902. 


Photographed  by  0.  M.  Gillespib,  M»A,,  Yorkshire  College,  Leeds,     1/4. 

8323  (    )  Bude  .        .        .        «        .    Anticline  in  Calm.     1902. 

8324  ().,..•-. 


Photographed  by  Howard  Fox,  Mr.  Shephard,  a/nd  W.  M.  Harrison,  and 
presented  by  Howard  Fox,  F,G,S.,  Rosehill,  Falmouth.     1/2  and  5/4. 

8826    (434)  Jangye-ryn,  Gunwalloe    .    Contorted  Grit  and  Shale  (Ordovician  ?). 

1900. 
8826    (136)  West  Kennack,  Lizard      .    Porphyritic  Diorite.    1890. 
3827    (135)  Boulder,    near    Cavouga  „  1888. 

Bocks,     between     Caerleon 

Cove  and  Kennack  Sands. 

Cumberland. — Photographed  by  G.  T.  Atchison,  M.A.,  Holmtoood, 
Sutton  Coldjield.     1/2. 

3328    (43)    Langdale     Pikes,     from    Borrowdale  Rocks.    1902. 

Elterwater. 
3829    (45)  The  Bowd^  Stone,  Borrow-  „  „  „ 

dale. 
8330    (44)  Half-mile   below  Lodore,    Qnany  in  Borrowdale  Series.    1902. 

Borrowdale. 
8831     (48)    Below  Watendlath,    Bor-    *  The  Devil's  Punchbowl.*    1902. 

rowdale. 


Derbyshire. — Photographed  by  A.  Wheen,  Baslow,  and  presented  by 
E.  M.  Wrench,  Park  Lodge,  JBaslow.     1/2. 

(3)  Cutting  in  Old  Pack-horse    Boulder-clay.    1899. 
Road,  N.E.  comer  of  Chats- 
worth  Park. 


Devonshire. — Photographed  by  H.  A.  Hinton,  F.G.S.,  7  Crwnhv/rst 
Road,  WiOesden  Oreen,  N.W.     1/4. 

.    Dyke  of  red,  schorlaceous  Granite.     1900. 
.    CJay-pit  in  Lignite  Beds. 
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Photographed  by  R.  H.  Rastall,  ^.^1.,  Chrises  College^  CanAridge.    1/4. 

Regd. 
No. 
3836    (      )  Badleigh  Salterton  .        •    Triassic  Pebble-bed.    1903. 


BoBSET.—PhotograpIied  by  Professor  S.  H.  Reynolds,  M.A.^  F,G,S.y 
University  College^  Bristol.     1/4. 

Chalk  Sea-stacks.    1902. 

Early  stage    in  formation  of   Sea-stack. 

1902. 
Promontory  and  Sea-stack  of  horizontal 

Chalk.     1902. 
Stage  in  formation  of  Sea-stack.    1902. 
Kea-stacks  in  horizontal  Chalk.     1902. 
Chalk  and   Parbeck    Rocks;   differential 

denudation.    1902. 
Weathered  surface  of   Parbeck   Marble. 

1902. 
Weathered    surface   of    Carhula   bed   in 

Middle  Pnrbeck.    1902. 
Chert  in  lower  beds  of  M.  Purbeck.    1902. 
Weathered   suface  of    •Cinder    Bed'   of 

M.  Purbeck.     1902. 
Thin  bands  of  '  beef  in  M.  Purbeck  clays; 

1902. 
Middle  and  Lower  Purbegk.    1902. 
Portland  Stone  capped  by  Purbeck.    1902. 
Portland  Beds.    1902. 
Upper  beds  of  Portland  Stone.    1902. 

Weathering  of  Portland  Stone.       „ 

Portland  Stone.    1902. 

Portland  Stone  and  Purbeck  Beds.    1902. 

»»  i»  »»  »» 

Sea-caves  in  cherty  beds  of  Portland  Stone. 

1902. 
Chert  in  Portland  Stone.     1902. 
Sea-caves  in  Portland  Stone.    1902. 
Portland  Beds  overlying  Rimmeridge  Clay. 

1902. 
Portland  Stone  and  Sand. 

Portland  Beds  overlying  Kimmeridge  Clay. 

1902. 
Portland  Stone,  Sand,  and    Kimmeridge 

Clay.     1902. 
T-shaped  valley.     1902. 
Lower    Kimmeridge    Clay  and    beds    of 

impure  Limestone,    1902. 
Kimmeridge  Clay  Cliffs.     1902. 

Kimmeridge  Clay,  Stone-bands,  and  old 
Coal-workings.     1902. 

Ledges  due  to  Stone-bands  in  Kimmeridge 
Clay.     1902. 

Kimmeridge  Ledges.    1902. 

Kimmeridge  Clay  and  Stone-bands.    1 902. 

Terraces  (lynchets)  probably  due  to 
ploughing.    1902. 
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3336 

(13)  BalUrd  Down    . 

3337 

(16)  Near  Handfast  Point 

3338 

(12)  Handfast  Point . 

3339 

(14) 

3340 

(16)  Near  Handfast  Point 

3341 

(33)  Peveril  Point  and  Ballard 

Down. 

3342 

(18)  Peveril  Pointy  Swanage     . 

3343 

(21)  Near  Peveril  Point,  Swan- 
age. 
(17)  Durlston  Bay     . 

3344 

3346 

(19)             .,               ... 

3346 

(20)             ..               ... 

3347 

(22)             

3346 

(2.S)  Durlston  Head  . 

3349 

(32)              

3360 

(24)  Between  Tilly  Whim  and 

Durlston  Head. 

3361 

(26)  Seacombe  Quarry 

3362 

(26)  E.  of  St.  Alban's  Head       . 

3363 

(27)  Dancing  Ledge  . 

3364 

(28)  Dancing  Ledge  Quarry 

3366 

(29)  Winspit  Quarry  . 

3366 

(30)  Tilly  Whim,  Durlston  Head 

3367 

(34) 

3368 

(31)  £.  of  St.  Alban's  Head       . 

3369 

(86)  Emonet Hill  and  St.  A  Iban's 

Head. 

3360 

(37)  Emonet    Hill,  W.  of   St. 

Alban's  Head. 

3361 

(36)  Hounstout  Cliflf . 

3362 

(39)               

3363 

(38)  Chapman's  Pool . 

3364 

(40)  Between      Hencliff      and 

Freshwater  Steps. 
(41)  CliflFs    W.    of    Freshwater 

3366 

Steps. 

3366 

(42)  Cliffs   £.  of  Kimmeridge 

Bay. 

3367 

(43)  Hencliff  and  Kimmeridge 

Bay. 

3368 

(44)  Between  Broad  Bench  and 

Kimmeridge  Bay. 

3369 

(46)  W.    side    of    Kimmeridge 

Bay. 
(46)  Near  Worth  Matravers      • 

3370 
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Durham. — Photograpliedby  Q.  Abbott,  Af.R.CS.,  33  Upper  Grosvenor 
Road,  Twnhridge  Wells.     1/2. 


*  Flag*  bed^,  20"  Marl,  and  part  of  lowest 
cellalar  Limestone  bed.     1902. 

'  Flag'  beds,  20"  Marl,  and  part  of  lowest 
cellalar  LimestoDe  bed.     1902. 

'  Flafi:'  beds,  20"  Marl,  and  part  of  lowest 
cellular  Limestone  bed.    1002. 

•Flag*  beds,  20"  Marl, and  part  of  lowest 
cellalar  Limestone  bed.     1902. 

*  Flag'  beds,  20"  Marl,  and  part  of  lowest 
cellalar  Limestone  bed.     1902. 

Concretion  ;   spherical  '  honeycomb '  (a). 

1902. 
Concretion;  spherical    'honeycomb*  (a). 

1902. 

*  Honeycomb  *  (a)  and  (b)  in  situ,    1902. 

(b).    1902. 
„  (c),  early  stage.     1902. 

« Coralloid  '  bed  (part  of  •  flags ').     1002. 


Regd. 
No. 
3734    (HO)  Falwell  Hill,  Quarry  in 

Magnesian  Limestone  . 
3736    (141)  Fulwell  Hill,  Quarry  in 
Magnesian  Limojitone  . 

3736  (161)  Fulwell   Hill,  Quarry  in 

Magnesian  Limestone  . 

3737  (152)  Fulwell  Hill,  Quarry  in 

Magnesian  Limestone  . 

3738  (167)  FulweU  Hill,  Quarry  in 

Magnesian  Limestone  . 

3739  (193)  Fulwell  Hill.   Quarry  in 

Magnesian  Limestone  . 

3740  (104)  Fulwell   Hill,  Quarry  in 

Magnesian  Limestone  . 
374i     (182)  Fulwell  Hill,  Quarry  in 
Magnesian  Limestone  . 

3742  (137)  Fulwell  Hill,  Quarry  in 

Magnesian  Limestone  . 

3743  (221)  Fulwell  Hill,  Quarry  in 

Magnesian  Limestone  . 

3744  (159)  FulweU  Hill,  Quarry  in 

Magnesian  Limestone  . 
3746    (163)  Falwell  Hill.  Quarry  in 
Magnesian  Limestone  . 

3746  (158)  Fulwell   Hill,  Quarry  in 

Magnesian  Limestone  . 

3747  (183)  Fulwell  Hill,  Quarry  in 

Magnesian  Limestone  . 

3748  (180)  Falwell  Hill,  Quarry  in 

Magnesian  Limestone  . 

3749  (179)  Fulwell  Hill,  Quarry  in 

Iklagnesian  Limestone  . 

3760  (188)  Fulwell  Hill,  Quarry  in 

Magnesian  Limestone  . 

3761  (172)  Fulwell  Hill,  Quarry  in 

Magnesian  Limestone  . 
8762    (187)  FulweU  HiU.  Quarry  in 
Magnesian  Limestone  . 

GhOVCESTEBaumE.— PhotograpJied  by  Professor  S.  H.  Reynolds,  M.A,, 
F.G.S.,  University  College,  Bristol.     1/2  and  1/4. 

3371  (56)  Cutting  W.  of  Stoke  Gifford    Lower  Lias  and  Rhastic  Beds.    1902. 

Station. 

3372  (56)  Cutting  W.  of  Stoke  Gifford 

Station. 

3373  (57)  Near  Stoke  Gifford  Station 

3374  (58)  Stoke  Gifford  Station 
8376    (59) 

3876  (60)  East  of  LiUiput,  Chipping 

Sodbury. 

3877  (61)  B.  of  Chipping  Sodbury    . 

8378  (62)  Half-mile  E.  of  Lilliput, 

Chipping  Sodbury. 

8379  (63)  Cntting,  S.  end  of  Sodbury 

TunneL 


Zone  of  A.  planorMs  overlying  Rhaetic. 
1902. 

Red  Marl  faulted  against  Rhaetic  and  Tea- 
green  Marl.    1902. 

Red  Marl  faulted  against  Rhaetic  and  Tea- 
green  Marl.     1902. 

Red  Marl  faulted  against  Rhaetic  and  Tea- 
green  Marl.     1902. 

Block  of  Rhaetic  Bone-bed.    1902. 

Rhaetic  and  Lower  Lias.    1902. 

Rhaetic  resting  unconfonnably  on  Old  Red 

Sandstone.    1902. 
Great  Oolite  and  Forest  Marble^    1902i 
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Kegd. 

No. 

3380 

(61)  Cutting  S.  of  Badminton   .    Forest  Marble.     1902. 

8381 

(66) 

8382 

(72)  Anst  Cliff  .        .        .        .    Keuper  Marl  and  Rhaetic  Beds. 

3383 

(68)          „         ....    Juxtaposed  faults.    1902. 

3384 

(69)          ,.         ....    Gjpsum  in  Keuper  Marl.     1902 

3385 

(70)          „         .        .        .        . 

3386 

(71)          ...... 

1902. 


Hertfordshire. — Photograplied  by  J.  J.  H.  Teall,  M,A,j  F.R.S  , 
28  Jermyn  Street,  S.  W.     1/4. 

3387  (1)  Pinner's  Cross,  Smith's  End,    Inclined  Chalk  and  Boulder-clay  banked 

S.  of  Barley,  near  Royston.  up  against  it.     1903. 

3388  (2)  W.  of  Newsell's  Park,  N.  of    Chalk  greatly  disturbed,  with  Boulder-clay 

Barkway,  near  Ro3r8ton.  underlying  it.     1903. 

3389  (3)  W.  of  Newsell's  Park.  N.  of    Chalk  greatly  disturbed,  with  Boulder-clay 

Barkway,  near  Royston.  underlying  it.     1903. 

3390  (4)  N.  of  Reed,  near  Royston    .    Chalk  arching  over,  glacial  disturbance. 

1903. 

3391  (5)         „  „  .    Chalk  arching  over,  glacial  disturbance. 

1903. 

Krmt. — Photographed  by  G.  Abbott,  M.R.C.S.,  33  Upper  Grosvenor 
Road,  Tunbridge  Wells.     1/2. 

8753    (8)    Opera  House,  Tunbridge    Earth  Creep.    1902. 

Wells. 
37M    (9)    Opera   House,   Tunbridge  „  „ 

Wells. 

Lancashire. — Photographed  by  *F.  Greenwood,  5  St.  Mary's  Gate, 
Rochdale.     1/2. 

3392  (    )  Blackstone  Edge,  Rochdale    Roman  Road.     1895. 

Leicestershire. — Photographed  by  G.  Hodson,  M.Inst.CE., 
Loughborough.     1  /4. 

3393  (    )  Blackbrook,  Chamwood    .    Trench  cutting  Blackbrook  Rocks,  looking 

B. 

3394  (    )  ,•  ,»  .    Trench  cutting  Blackbrook  Rocks,  looking 

£. 

3396  (    )  „  «,  .    Trench  cutting  Blackbrook  Rocks,  looking 

W. 
3398    (    )  >.  .t  •    Trench  cutting  Blackbrook  Rooks,  looking 

W. 

3397  (    )  »  »  .    Trench  cutting  Blackbrook  Rocks,  looking 

N.W. 

3398  (    )  „  „  .    Trench  cutting  Blackbrook  Rocks,  looking 

N. 

Norfolk. — Photographed  by  W.  Jerome  Harrison,  F.G.S.,  52  Clare- 
mont  Road,  Ifandstvorth,  Birmingham.     1/2  and  1/1. 

3399  (1897)  Trimingham  .  .     Drift  Cliflfs.    1896. 

3400  (1896)  „      .        .        . 

3401  (1850)  Cromer  ....    Mr.  Savin's  collection  of  bones  from  the 

Forest  Bed.     1896. 

3402  (1862)  Sidestrand  Beach  .        .    *  Mud  glacier'  from  the  drift  cliffs.    1896. 
8403    (1899)  Sidestrand,  £.  of  Cromer    Old  Church  Tower  on  cliffs.     1896. 
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Begd. 
No. 
8404 
8406 
8406 

8407 
8408 
8409 
8410 
8411 
8412 
8418 
8414 
8416 
8416 
8417 
8418 
8419 
8420 
8421 

8422 
3423 
8424 
3426 
8426 
8427 
8428 

8429 
3480 
8481 
8482 
8488 
3434 
8486 
8486 

8487 

8488 

8489 
8440 
8441 
8442 


(1794)  Half  a  mile  B.  of  Cromer 
(683)    Beeston  Refi^is 

(1829)  CUflfs  W.  of  Cromer 

(1818) 
(1826) 
(18366) 

(1830)  W.  end  of  Cromer 
(^692)    Near  Ronton 
(1817)  Runton  Cliffs 
(1836) 

(1824)  Ranton  Gap   . 
(1816) 
(1778)  West  Runton . 

(698)  Runton  Cliffs . 
(700)    Cliffs,  near  Runton 

(690)  Runton  . 

(699)  Runton  Cliffs . 
(696)    Beeston,  E:  of   Shering- 

ham. 
(696) 
(1870) 
(1823) 

(693)     E.  of  Sheringbam  . 
(686)    Cliffs,  B.  of  Sheringbam 
(1822)      .. 
(1836d)  B.  end  of  Sheringbam 

Beach. 
(601)    E.  end  of  Sheringbam    . 
(1877)  Beeston  Beach 
(1777)  Sheringbam  Beach 
(1836a) 

(1834)  Cliffs,  near  Sheringbam . 
(1894) 

(691)  W.  of  Sheringbam 
(694) 

(1833) 

(1820) 

(1821) 

(1836b)  Upper  Sheringbam 

(508)    Weyboum 

(496)    Coast  W.  of  Weyboum  . 


Contorted  Drift.    1896. 

Drift  Plain  between  cliffs  and  hills.   1896. 

Drift,    with    included     Chalk    Boulders. 

1896. 
Drift.     1896. 

•  Elbow  *  in  Contorted  Drift.     1896. 
Contorted  Drift.     1896. 


Sandy  Drift.     1896. 

Loamy  Drift  (contorted).     1896. 
Large  Chalk  Boulder.     1896. 


Long  Chalk  Boulder.     1896. 

Folds  in  Chalk,  covered  by  Drift.    1896 


Contorted  Drift.    1896. 

Drift.     1896. 

Contortions  in  Drift     1896. 

Contorted  Drift.     1896. 
Paramoudra.     1896. 
Paramoudra  in  Chalk.     1896. 
Ring  of  Flint.     1896. 
Contorted  Drift.     1896. 
Large  Chalk  Boulder.     1896. 

I*  f*  »> 

Pinnacle  of  Chalk,  embedded  in  Drift. 

1896. 
Pinnacle  of  Chalk,  embedded  in    Drift. 

1896. 
Pinnacle  of  Chalk,  embedded  in  Drift. 

1896. 
» Stone-bed.'    1896. 
Basalt  Boulders.    1896. 
Chalk  covered  by  Clay.     1896. 
Pebble  Beach  and  Lagoon.    1896. 


Northumberland. — Photographed  by  A.  A.  Armstrong,  M.A,     1/2. 

8448    (1)  Bamborough  Castle  .    Junction  of  Whin  Sill  and  Carboniferous 

Limestone.    1902. 

8444  (2)  Fame    Island    and    shore    Thin  bedding,  folding  and  jointing  in  Car- 

opposite,  boniferous  Rocks.     1902 

8445  (3)  *  Limestone  Bank,*  2  m.  W.    Outer  fosse  of  Roman  Wall    cut  out  of 

of  Chollerford.  Basalt.    1902. 


Shropshire. — Photographed  by  W.  G.  Fbarnsides,  B,A.^  F.G.S.y  Sidney 
StMsex  College^  Cambridge,     5/4. 

8448    (5)    Hope  Dingle,    near    Min-    *  Boulder-bed '  in  Arenig  Asb^    1902« 
■terleyi 
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Regd. 
No. 

8447 
3448 

(11)  Lower      Ashea 
Longmynd. 

(12)  Upper      Ashes 
LoDgiujnd. 

Hollow,    Longmyndian  Scenery. 
Hollow,               „               ., 

1902. 
1* 

Somerset. — Pliotograplied  by  Professor  S.  H.  Reynolds,  M.A,^  F.G.S,^ 
University  College^  Bristol,     1/4. 

8449    (48)  Goblin  Combe    .        .        .    Dry  Valley  in  Carboniferous  Limestone. 

1902. 

8460  (47)  „  ...    Dry  Valley  in   Carboniferous  Limestone. 

1902. 

8461  (49)  „  ...    Disintegration    of    Carboniferous    Lime- 

stone by  tree-roots.    1902. 

8462  (50)  „  ...    Disintegfration    of    Carboniferous    Lime- 

stone by  tree-roots.    1902. 

Surrey. — Photograplted  by  3.  H.  Baldock,  3  St,  Leonard's  Roady 
Croydon^  arid  sent  through  the  Croydon  Natural  History  and  Scientific 
Society.     1/2. 

8468    (      )  Croham  Hnrst,  Croydon  .  Conglomerate.     1901. 

8464    (      )  Bacteria  Tanks,  Bedding-  Shelly  Woolwich  Beds.    1902. 

ton. 
8466    (      )  Bacteria  Tanlcs,  Bedding-  „  „  „ 

ton. 

8466  (      )  Foundations  of  Wolding-  Red  Clay-with-flints  in  Chalk  •  Pipes.*  1902. 

ham  Fort,  facing  N. 

8467  (      )  Foundations  of  Wolding-  „  „  „  „ 

ham  Fort,  facing  8. 

8468  (      )  Foundations  of  Wolding-  ,.  „  „  „ 

ham  Fort,  facing  B. 

8459  (      )  Foundations  of  Wolding- 

ham  Fort,  facing  W. 

Warwick. — Photographed  by  F.  T.  Maidwell,  50  Compton  Road^ 
Wolverhampton,      1/4. 

8460  (1)  Moor  Wood,  Chapel    End,    Unconformity,    Coal-measures  on  Stock- 

near  Nuneaton.  ingford  Shales.    1899. 

8461  (2)  Moor  Wood,  Chapel    End,    Soil  Creep.     1899. 

near  Nuneaton. 
3462    (3)  Midland  Quarry,  Nuneaton    Quartzite  and  Diorite  Sill,  Unconformably 

overlain  by  Keuper  Sandstone.     1898. 
3468    (4)  Near     Church,      Radford,    Boulder  of  Chamwood  Syenite.     1897. 

Coventry. 
8464     (5)  Near      Church,      Radford,  t,  t  ». 

Coventry. 

Westmoreland. — Photographed  by  Professor  E.  J.  Garwood,  M.A,,  F.G.S.^ 
University  College^  London,     1/4. 

3292    (      )  High  Cup  Nick,  Appleby    Valley  cut  in  Whin  Sill. 
8298    (      )  ., 

Photographed  by  Godfrey  Bikgley,  Thomiehurst^  Headingley^  Leeds, 

1/4. 

8466    (6084)  Kirkby  Stephen,  Bed  of    Jointing  in  Lower  Brockram.    1902. 

River  Eden. 
8466    (6085)  Kirkl^  Stephen,  Bed  of  m  ,i 

River  Eden* 
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Wiltshire. — PhotograpJtsd  by  Professor  S.  H.  Eeynolds,  if./i  ,  F,G.S.^ 

University  College,  Bristol,     1/4. 
Regd. 
No. 
8467    (65)  Catting   N.W.  of    Hulla-    Forest  Marble.     1901. 

vington. 
3468    (67)  Catting   N.W.  of    Hulla-  „  „ 

vington. 

Yorkshire. — Photograplied  by  W.  Jerome  Harrison,   F.G.S*^ 
52  Clareinont  Roady  Handsioorth,  Birmingham,    1/1  and  1/2, 

8469  (368)  Flnmborough  Head .        .    Chalk  Cliffs,  showing  coast-erosion.    1898. 

8470  (3&I)  S.W.ofFlamboroaghHead    Drift  on  Chalk.    1898. 

8471  (383)  „  „  Caves  in  Chalk.     1898. 

8473  (886)  Near  Danes'  Dyke,  Flam-    Chalk.     1898. 

borough. 
3478    (893)  North  Sea  Landing,  Flam-    Drift  on  Chalk.    1898. 
borough. 

8474  (894)  North  Sea  Landing,  Flam-  „  „ 

borough. 
3476    (897)  South    Landing,    Flam- 
borough. 

3476  (900)  King  Rock,  Flamboroagh    Boulder-clay  on  (l;halk.    1898* 

Head. 

3477  (2070)  Tbornwick    Bay,  Flam-    Drift  on  Chalk.     1898 

borough. 

3478  (2072)  Thomwick  Bay,  Flam-  ,>  ,» 

borough. 

3479  (2077)  Thornwick    Bay,  Flam-  „  „ 

borough. 

3480  (2078)  Near  Thomwick  Bay      .  „  „ 

3481  (884)  Sewerby,  Flamboroagh    .    Buried  Cliff.     1898. 

8482  (375)  Hilderthorpe  Cliffs,  S.  of    Purple  Boulder-clay.    1898. 

Bridlington. 

8483  (374)  Hilderthorpe  Cliffs,  S.  of    Stratification  in  BouMer-clay.     1898. 

Bridlington. 

8484  (882)  Hilderthorpe  Cliffs,  S.  of    Drift.     1898. 

Bridlington. 
3485    (594)  Hilderthorpe  Cliffs,  S.  of        „  „ 

Bridlington. 
8486    (378)  Hilderthorpe  Cliffs,  S.  of    Lamination  in  Diift.     1808. 

Bridlington. 
3487    (883)  Hilderthorpe  Cliffs,  S.  of    Boulder-clay,  Loams,  and  Gravels.    1898. 

Bridlin£;ton. 

8488  (377)  Hilderthorpe  Cliffs,  S.  of    Drift.     1898. 

Bridlington. 

8489  (595)  Hilderthorpe  Cliffs,  S.  of        »,  „ 

Bridlington. 

8490  (376)  Hilderthorpe  Cliffs,  S.  of        „  „ 

Bridlington. 
3491    (881)  Hilderthorpe  Cliffs,  S.  of 
Bridlington. 

Photographed  by  Godfrey  Bingley,  Thorniehiirst^  Headingley,  Ltcda 

1/2  andlfi. 

8492    (6111)  Meanwood  Valley,  Leeds.    Fossil  Tree  in  Gannister.    190:^. 
8498    (6088)  Hambleton  Quarry,  Bol-    Contorted  Yoredale  Limestones.    1902 

ton  Abbey  Station. 
8494    (6091)  Hambleton  Quarry,  Bol-  „  «,  n  «. 

ton  Abbey  Station. 
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Bagd. 
No. 

8495  (6094)  Hambleton  Quarry,  Bol-    Contorted  Yoredale  Limestones.       1902. 

ton  Abbey  Station. 

8496  (6096)  Hambleton  Quarry,  BqI-  „  „  „  „ 

ton  Abbey  Station. 

8497  (6097)  Brimham    Rocks,   near    Millstone  Grit;  atmospheric  erosion.      « 

Fateley  Bridge,  Nidderdale. 

8498  (6098)  Brimham    Rocks,    near  '„  „  „ 

Pateley  Bridge,  Nidderdale. 

8499  (6100)  Brimham    Rocks,    near  „  '  Dancing  Bear.'  „ 

Pateley  Bridge,  Nidderdale. 

8600  (6101)  Brimham    Rocks,    near  „  atmospheric  erosion.     „ 

Pateley  Bridge,  Nidderdale. 

8601  (6102)  Brimham    Rocks,    near  „  „  „ 

Pateley  Bridge,  Nidderdale. 

8602  (6103)  Brimham    Rocks,    near  „  „  „ 

Pateley  Bridge,  Nidderdale. 

8608  (6105)  Brimham    Rocks,   near  „  „  „ 

Pateley  Bridge,  Nidderdale. 
8604    (6106)  Brimham    Rocks,    near  „  „  „ 

Pateley  Bridge,  Nidderdale. 
8606    (6107)  Brimham    Rocks,    near  „  „  „ 

Pateley  Bridge,  Nidderdale. 

8606  (6070)  Penyghent,    from   near    Mountain  Limestone  and  Millstone  Crrit. 

Hull  Pot.  1902. 

8607  (6072)  Hull     Pot,    Horton-in-    Pot-hole  in  Carboniferous  Limestone.  1902. 

Ribblesdale. 
8606    (6071)  Hull     Pot,    Horton-in- 
Ribblesdale. 

8609  (6059)  Alum  Pot,  near  Selside,    300  feet  deep,  in  Carboniferous  Limestone. 

Ribblesdale.  1902. 

8610  (6067)  Turn  Dub,  near  Horton-     Exit  for  water  from  Alum  Pot.     1902. 

in-Ribblesdale. 

8611  (6066)  Turn  Dub,  near  Horton-  „  „  „  „ 

in-Ribblesdale. 
3612    (6068)  Footnaw's  Hole,  Ribbles-  „  „  „  „ 

dale. 
3618    (6069)  Footnaw's  Hole,  Ribbles-  „  „  „  „ 

dale. 
3614    (6062)  Upper    part    of    Long    Pot-hole  in  Carboniferous  Limestone.  1902. 

Chum,  Ribblesdale. 

8616  (6062a)  Upper    part    of    Long  „  „  „  „ 

Chum,  Ribblesdale. 
3616    (6063)  Entrance  to  Long  Chum,  „  „  „  „ 

near  Selside,  Ribblesdale. 

8617  (6061a)  Entrance  to  Long  Chum,  „  „  „  „ 

near  Selside,  Ribblesdale. 

8618  (6064)  Dickon    Pot,  near    Sel-    Interior    of    Pot-hole    in    Carboniferous 

side,  Ribblesdale.  Limestone.     1902. 

8619  (6069)  Horton  Scar,  N.W.  side    Carboniferous  Limestone.     1902. 

of  Penyghent,  Ribblesdale. 

8620  (6073)  Hunt  Pot,  near  Horton-    Pot-hole  in  Carboniferous  Limestone.  1902. 

in-Ribblesdale. 

8621  (6076)  Hunt  Pot,  near  Horton-  „  „  „  „ 

in-Ribblesdale. 

8622  (6074)  Hunt  Pot,  near  Horton-  „  „  „  „ 

in-Ribblesdale. 
8628    (6078)  Bed  of  River  Bain,  Bain-    Yoredale  Limestone.    1902. 

bridge. 
8624    (6079)  Lund's  Fell,  near  Hawes    Source  of  River  Ure.     1902. 

Junction. 
3525     (GOSn  Hell  Gill.  Lund's  Fell.         Source  of  River  Eden.     1902. 
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3526    (6083)  Hell  Gill,  Land's  Fell.  Source  of  River  Bden.     1902. 

8627    (6086)  Clapham  Beck  Head.  Outlet  of  stream  from  Gaping  Gill.     1902. 

8528    (6087)  Crummack    Dale»   near  Oarboniferous  Limestone  resting  uncon- 

Clapham,  £.  side.  formably  on  Silurian  Grits.     1902. 


WALES. 

BRECKSOCiL—PIiotographed    by    P.    Morton,    Af.A,,    Christ's     College^ 
Brecon,  and  presented  by  F,  T.  Howard,  M,A.,  F,G.S,     1/2. 

3529  (1)  Oanal  Aqueduct,  Breoon  .  Taken  before  the  frost.    1890. 

8630  (2)  ,»  „  .  Effect  of  frost  on  leakage.    1896. 

3531  (3)  „  ,.  .  „ 

3532  (4) 

8688    (5)  Rhj'd-goch    Falls,    Breoon,    Grits  amongst  Shales  and  Clajs.    1891. 

River  Gwdi. 
8684    (6)  Cilieni,  just  entering  River    Usk  cuts  down  the  more  rapidly  as  it 

Usk,  8  m.  W.  of  Brecon.  follows  the  outcrop  of  Old  Red  Sand- 

stone Clays.    1890. 

3686  (7)  Llyn-cwm-llwch .  .    Glacial  Mounds.    1900. 

3586    (8)  Near  Llyn-cwm^Uwch,  N.  of    Moraine  at  foot  of  Old  Red  iSandstone— - 
y  Fan-cwm-du.  escarpment.    1900. 

Cardigan. — Photographed  by  C.  G.  Cullis,  Royal  College  of  Science^ 
South  Kensington,  S,  W.     1/4. 

3687  (      )  New  Quay,  Cardigan  Bay.    Llandovery  (?)  Rocks ;  relation  of  Cleavage 

to  hard  and  soft  beds.    1903. 

Carnarvon. — Photographed  by  Caradoc  Mills,  Plas  Helyg,  Lkmrwst, 

1/4. 

3688  (1)  Near  Llyn  Geirionydd,  Tre-    Boulders.    1902. 

friw. 
8589    (2)  Near  Llyn  Geirionydd,  Tre-    Perched  Block.    1902. 

friw. 
3640    (3)  Near  Llyn  Geirionydd,  Tre-  „ 

friw. 

Photographed  by  W.  G,  Pbaknsides,  B.A.,  F.CS.f  Sidney  Sv^ssex  College, 

Cambridge.     5/4. 

8641    (      )  Tu-hwnt-yr-bwlch,  near        Tremadoc  Slates  with  fossils.     1902. 
Portmadoc. 

Glamorgan. — Photographed  by  G.   E.   Blundell,  FM.S., 
Wellington  College,  Berks,     6/4, 

3642    (      )  Spritsail  Tor,  Gower.  Cave  and  Kitchen  Midden.    1902. 

Photographed  by  H.  W.  Monckton,  F,G,S.,  F,L,S.,  3  Harcourt 
Buildings,  Temple,  E.C.     1/4. 

3543    (1694)  Cliff    between    Caswell    Raised  Beach.    1902. 

Bay  and  Brandy  Cove.  ^  , 
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3644 

3545 

3546 

3647 

3648 

3549 

3550 
3661 

3652 
3568 

3654 


Pliotograplicd  by  Professor  S.  H.  Rbynolds,  M.A,^  F.G.S., 
University  Colleye,  Bristol.     1/4. 


(1)  Mumbles  Head    . 

(3)  Above  the  Lifeboat  House, 
Mumbles  Heai. 

(7)  W.  of  Mumbles  Head 

(5)  E.  of  Oystermouth 

(6)  „ 

(4)  .» 

(8)  Bishopston  Common 

(2)  Limeslade  Bay  and  Twt  Hill 

(9)  Limeslade  Bay    .  *     . 

(10)  Between    Limeslade    Bay 
and  Langland  Bay. 

(11)  Between   Limeslade    Bay 
and  Langland  Bay. 


Dip  of  Carboniferous  Limestone.     1902. 
Dolomitisation    of    Carboniferous    Lime* 

stone.    1902. 
Honeycomb  weathering  of  Carboniferous 

Limestone.    1903 
Dolomitised    patches 

Limestone.    1902. 
Dolomitised    patches 

Limestone.    1902. 
Dolomitised    patches 

Limestone.     1903. 
Stream  disappearing  in  '  daw-pit.'    1902. 
Dip  of  Carboniferous  Limestone  and  old 

shore  platform.    1902. 
Weathered  surface  of  *  Head.*    1902. 
Raised  Beach  on  Carboniferous  Limestone. 

1902. 
Raised  Beach  on  Carboniferous  Limestone. 

1902. 


in  Carboniferous 
in  Carboniferous 
in    Carboniferous 


THE  CHANNEL  ISLANDS. 


JiiRSEY.—PholoyrapJied  by  E.  F.  GuiTON,  8  Victoria  Crescent, 
Jersey.     1/2. 

3655  (1)  •CreuxGabourer 

3556  (2)  St.  Laurence  Valley    . 

3557  (3)  Near  Rozel  Bay,  Le  Sauchet 

3558  (4)  I'ortelet  Bay 
3569  (5) 

3560  (G)  *  Fo.sse  Vourin,'St.  Brelade 

3561  (7)  Le  Pinacle,  St.  Ouen's . 

3562  (H) 

3663  (9) 

3664  (10) 

3566  (11)  Blanches  Banques,  Quen 

vais,  St.  Brelade. 

3666     (12)  BlancbcH  Banqucs,  Qucn 

vais,  St.  Brelade. 

3567  (13)  Blanches   Banques,  Quen 

vais,  St.  Brelade. 


Three  levels  of  Sea- beaches.     1901. 
Ripple-marked  Shale.     1902. 
Marine  erosion  of  Conglomerate.    1902. 
Raised  Beach.    1902. 

•f  It 

*  Creux ' ;  formation  of  Blowhole.     1902. 
Granite  and  Diabase.    1902. 


Vein  of  Diabase  and  Marmite. 
•  Marmite  '  or  marine  pot-hole. 
Mound  of  Blown-sand.    1902. 


1902. 


SciLLY  Islands. — Photographed  by  K.  H.  Preston,  Alvei-ne  house 
Penzance.     1/1. 

3568    (18)  Peninnis  Head,  St.  Mary's.    Weathering  of  Granite.    1895. 

3669  (27)  I)ick*s  Cam,  St.  Mary's      . 

3670  (     )  *The    Tooth    Rock,'     St. 

Mary's. 
3571     (22)  *The    Monk's    Cowl,'    St. 

Mary's. 
3672    (    )  *  The    Pulpit    Kock,'    St. 

Mary's. 
3573    (29)  VThe  Loaded  Camel,'  St. 

Mary's. 

3674  (75)  *ThePunch-bowl,'St.Agnes 

3675  (26)  *The    Drum     Rock,'    bt.  „  „  , 

Maxy'tf. 
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8fi76    (    )  *The    Giant's    Chair,*   St.    Weathering  of  Granite.     1895. 

Mary's. 
8577    (72)  'The Nag's  Head,' St.  Agneg. 

SCOTLAND. 

Argtllshire. — Photographed  by  A.  K.  CoomAraswXmt,  B,Sc.,  F,0,S.  (a), 
an^  Mrs.  CoomAraswAmt  (b),  Walden,  Worplesdon,  G'nild/ord,     1/4. 

3678    (79a)  S.  of  Don  Dabhaidh,  lona.    Schistose  Marble  and  Gneisses.     1902. 
8679    (19b)  Balephetrish,  Tiree .        .    Well-foliated  Marble.    1902. 
3680    (20b)  .,  ....    Weathered     Marble,     with     Forsterite, 

Spinel,  &o.    1902. 

Berwickshire. — Photographed  by  A.  K.  CooMitRASWiCMT,  B.Sc,  F.G,S.  (a) 
an^  Mrs.  CoomAraswAmt  (b),  Walden,  Worplesdon,  Guildford.     1/4. 

8681  (la)  'The  Leithies,'  near  North    Dyke  in  Carboniferons  Tuff.    1902. 

Berwick. 

8682  (2a)  *  The  Leithies/ near  North    Bedded    Carboniferous    Taff,  with    large 

Berwick.  Bomb.    1902. 

8683  (3a)  *  The  Leithies/  near  North    Bedded    Carboniferooi   Toff,  with    large 

Berwick.  ejected  blocks.     1902. 

8684  (4a)  North  Berwick  Law  .        .    Carboniferons  Trachyte  •  Neck,'  *  Crag  and 

Tail'     1902. 

8685  (28b)  The  Bass  Rock,  from  near    Carboniferous  Trachyte.    1902. 

North  Berwick. 


Invbrnbss. — Photographed  by  W.  Lamond  Howik,  Hanover 
Lodge,  Harrow.     5/4,  12/4,  18/4,  «fec. 

Parallel     Roads,' 


8294    (      )  The 

Glenroy. 
(    )  Scuir-na-Gillean,  Skye 
(    )  Summit  of  Blaven,  from 

Marscow. 
(    )  The  Cuillins.  from  N. 
(     )  The    Coillins    and     Glen 

Sligaohan,  from  E. 
8691    (     )  Glen  BriUle  and  the  Cuil- 

lins,  from  Col  to  Loch  Brittle, 

fromW. 
(     )  Coire-na-Creiche 
(    )  Ben  Alder  and  Cam  Dearg. 


8687 
8688 

8689 
8690 


8692 
8610 


Looking  N.N.W.  from  slope  of  Bobuntlne 

Hill.    1896. 
Gabbro.    1903. 


1903. 


From  Meall  Cruaidh.    1902. 


Photographed  by  A.  S.  Beid,  M.A.,  F.G.S.,  Trinity  College, 
Glenalmond,  Perth.     1/2,  one  E. 

of    Kigg,  from    Outline  of  Scuir.    1901. 


8693    (SE27)  Island 

Muck. 
3694    (SE  22)  £.  end  of  Scuir  of  Eigg, 

from  sea. 
8695    (SE6)  Scuir     of     Eigg,    from 

£  N.E 

3696  (SE  17)  ie.  end  of  Scuir  of  Kigg, 

from  S.E. 

3697  (SE29)  BideinBoidbeach,N.W. 

end  of  Scuir  of  Eigg.    (E.), 
from  sea. 


Steps  of  Basalt, surmounted  by  Scuir  Pitch- 
stone.    1901. 

Position  of  tributary  valley  (Cornbheinn) 
in  relation  to  Scuir  valley.     1901. 

Pitchstone  occupying  old  valley  in 
Basalts.     1901. 

River  Conglomerate  under  Pitchstone  and 
resting  on  eroded  Basalt.     1901, 
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3698  (SE  33}  Scair   of    Eigg,    from    Physical  features  of  Scnir  ridge.     1901. 

Beannan  Breaca. 

3699  (SE  31)  Scnir  of  Eigg,  from  high    Pitchstone  in  main  and  tributary  valleya. 

ground  S.W.  of  Loch  Beinn  1901. 

Tighe. 

3600    (SE  35)  E.  prolongation  of  Scuir  Pitchstone  Ridge,  to  show  varying  trend. 

of  Eigg,  from  N.W.  1901. 

8601    (SE  11)  Scair  of  Eigg,  Eastern  Relation   of    main   to    tributary   valley. 

prolongation,  from  W.N.W.  1901. 

3802    (SE34)  Scuir    of    Eigg,    from  Relation   of   main    to    tributary    valley. 

knoll    N.W.    of     Loch    an  1901. 

Nigbean  Dughaill. 

3603  (SE  40)  Shoreof  Laig  Bay,  Bigg.  Basalt  Dyke  in  Jurassic  Rocks.     1901. 

3604  (SB  9)  Cleadale,  Bigg                .  Bedded  Basalts  of  Small  Isles  Plateau. 

1901. 
3606    (SE  36)  S.  Shore,  Ruadh'an  Tan-    Two  Pitchstone  Dykes  in  Basalt.    1901. 
caird,  Eigg. 

3606  (8E37)  S.  Shore,  Ruadh*an  Tan-    Pitchstone  Dyke  in  amygdaloidal  Basalt. 

caird,  Eigg.  1901. 

3607  (SE38)  8.  Shore,  Buadh*an  Tan-    Rtchstone  Dyke  in  amygdaloidal  Basalt. 

caird,  Eigg.  1901. 

IS AiKfn,— Photographed  by  E.  K.  Hall,  Ncwm,  N.B,     7^16, 

3608  (    )  Tom  Riach,  near  Clava      .    Boulder.     1901. 

3609  (     )  „  „  .  .. 

Perthshire. — Plwtographed  by  A,  S.  Rkid,  M.A.,  F.G.S.^  Trinity  CoUegf.^ 
Olenalmond,  Perth.     1  /  2. 

3611     (CL20)    Wester      Glenalmond,    River    Terrace    and    Moraine     Mounds. 

near  Auchnafree.  1901. 

3618    (CL36)  Sma'  Olen,  Glenalmond    A  few  hours*  Pluvial  D^udation.    1901. 

Ross- SHIRE. — Photographed  by  A.  K.  CoomAraswAmt,  B.Sc,,  F.G.S.  (a) 
and  Mrs.  CoomAraswAmy  (b),  Waiden,  Worplesdon,  Guildford.     1  /4. 

3586     (67a)  River  Eanaird,  near  Road    Erosion  of  earlier  Terrace  by  river  ;  depo- 
sition inside  curve  of  stream.    1902. 

3613  (62a)  HiUs  above  Hotel.  Gair-    Perched  Block.     1902. 

loch. 

3614  (61a)  Hills  above  Hotel,  Gair-  „  „ 

loch. 

3615  (64a)  Shore,  Gairloch  .  Ripple-marked  Sand.    1902. 

3616  (38b)  Gairioch  Hotel  .  50'  Raised  Beach.     1902. 

3617  (63a)  Shore,  G«iirloch  .        .  Torridon  Sandstone,  Basement  Conglome- 

rate.   1902. 

3618  (65a)        „  „  .        .    Augen-gneiss,  vertical  foliation.     1902. 

3619  (76a)  Head    of    Loch    Maree,    Kinlochewe  River,  and  Delta  fiUing  lake. 

from  Kinlochewe  Forest.  1902. 

3920    (73a)  Ben    Eadh,    near    Loch  Quartzite  scenery  and  glaciation.     1902. 
Maree. 

3621  (35b)  Ben    Eadh,    near    Loch  ,,              „                   „                 „ 

Maree. 

3622  (36b)  Ruadh  Stac  Mor  and  Sail    White  Quartzite   cap   on    mountains    of 

Mor,  from  Glen  Goudie,  Loch        Torridon  Sandstone  j  moraines.     1902. 
Maree. 
2  23    (37b)  Half-mile  N.E.  of  Furnes,    Contorted  Limestone  in  Gneiss.     1902. 
Lctterewe,  Loch  Maree. 
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3624 

8685 
3626 

3627 


3629 
3630 


(74a)  Kinloohewe  Forest,  Loch 

Maree. 
(75a)  Glen  Gondie,  Loch  Maree 
(72a)  Opposite     Ullapool,     on 

Loch  Broom. 
(69a)  Braemor,  head   of    Loch 

Broom. 
(39b)  Corryhallooh,  Braemor    . 

(8a)  Ojkell  Bridge    . 

(9a)  „  .,       .        .        . 


Qnartzite  scenery,  Eastern  Schists.     1902. 

Wildemees  of  Moraines.    1902. 
Outcrop  of  Thrust-planes.    1902. 

Gorge  and  small  Waterfalls  in  Eastern 

Schists.    1902. 
Crorge  and  small  Waterfalls  in  Eastern 

Schists.    1902. 
Monotonous  scenery  of  Eastern  Schists. 

1902. 
Silvery  Eastern  Schists.    1902. 


SuTHBELAND. — Photographed  by  A.  K.  CoomAbaswAmy,  B.Sc,  F^G.S,  (a) 
and  Mrs.  CqomAbaswAmy  (b),  WcUdeny  Worplesdon,  GuUdford.     1/4. 


8681 

3682 
3633 
3684 


3636 
3637 
3638 
3639 
3640 
3641 
3642 
3643 
3644 
3646 
3646 
3647 

3648 

3649 

8660 

3651 

3652 
3653 


(14a)  Coul  Mor,  from  head  of 

Loch  Veigatie. 
(82a)  Summit  of  Coul  Mor 
(21a)  Near  Summit  of  Coul  Mor 
(18a)  Canisp  and  Suilven,  from 

Glen  Canisp,  near  Lochinver. 
(29b;  Suilven,  from  Coul  Mor  , 

(15a)  Canisp  and  Suilven,  from 

S.  of  Loch  Urigill. 
(12a)  Tributary  of  Alt  Achaidh, 

W.  of  Cromalt. 
(11a)  Tributary  of  Alt  Achaidh, 

W.  of  Cromalt. 
(10a)  Tributary  of  Alt  Achaidh, 

W.  of  Cromalt. 
(oa)  Cnoc      an      t^Sassunaich 

(Knockan  Cliff),  Ullapool. 
(7a)  Cnoc       an      t'Sassunaich 

(Knockan  CliflE),  UUapool. 
(3a)  8.W.  shore  of  Cama  Loch. 

(31b)  Sronchrubie    Cliff,   Inch- 

nadamff. 
(29a)  Inchnadamff    . 

(28a)  Cnoc  an  Droighinn,  Inch- 
nadamff. 

(22a)  TraUgill  Bum,  Inch- 
nadamff. 

(23a)  TraligiU  Bum,  Inch- 
nadamff. 


(24a)  TraligiU 
nadamff. 


Bum,      Inch- 


Inch- 


(31ab)  Alt    Uamh,  near 

nadamff. 
(32b)  Near      Loch      Gillaroo, 

Inchnadamff. 
(26a)  Conimheall  (Ben    More), 

ALSsynt. 
(33b)  Top  of  Conimheall  . 
(31a)  From  Cnoc  an  Droighinn. 


Torridon  Sandstone  hill  with  Quartsite 

summits.    1902. 
Quartzite  on  Torridon  Sandstone.    1902. 
Weathered  Torridon  Sandstone.     1902. 
Torridon  Sandstone  hills.    1902. 

Torridon  Sandstone  Mountain  and  Gneiss 

Plateau.     1902. 
Torridon  Sandstone.    1902. 

Peat  on  Drift  (Alluvial  Cone).     1909 

Peat  on  Drift  with  tree  stumps.    1902. 


General  view.     1902. 

Sole  of  Thrust-plane.    1902. 

Torridon  Sandstone,  Basement  Conglome- 
rate.   1902. 
Edge  of  Limestone  Plateau.    1902. 

Dumess  Limestone  Plateau  and  Sronch- 
rubie Cliff.     1902. 
*  Pipe-rock  * ;  half -inch  pipes.    1902. 

Conimheall  (Ben  More);  Major  Thrust- 
plane  in  Dumess  Limestone.    1902. 

Conimheall  (Ben  More);  Major  Thmst- 
plane  in  Dumess  Limestone  and  dry 
valley.    1902. 

Conimheall  (Ben  More);  Major  Thrust- 
plane  in  Dumess  Limestone  and  'dry 
valley.    1902. 

Large  stream  issuing  from  under  Lime- 
stone hill.     1902. 

Stream  disappearing  into  Swallow-hole. 
1902. 

Quartzite.     1902. 

Weathering  of  Quartzite.     1902. 
Outliers  above    Ben  More  Thrust-plane, 
1902, 
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3664 
3666 
3666 

3667 

3668 

3669 

3660 

3661 

3668 

3663 

8664 
3666 


3667 

3668 
3669 

8670 

867i 
3672 


(o6a)  Old  llm  of  Stoer  . 

(56a) 

(32a)  Uamh  Rbnadhrige,  near 

Kyleskn. 
(33a)  Half-mile       S.S.W.       of 

Eylesku  Inn. 
(34b)  Aird  Du  Loch,  from   S. 

side  of  Loch  Qlenconl. 
(38a)  Glen  Dhn,  from  Unapool, 

near  Kyleska. 
(39a)  From  base  of  Stack  of 

Glencoul. 
(36a)  Loch  Glenconl,  N.  side    . 

(41a)  Stack  of  Glencoul,  from 

N.N.W. 
(30b)  Qninaig,      from       Kyle 

Strome. 
(44a)  N.  of  Soourie   . 
(45a)  Creag   a   mhail,  Soourie 

Bay. 
(52a)  Quinaig,      Suilven,     &c., 

from  Soourie. 
(50a)  1  m.  E.S.E.  of   Laxford 

Bridf^o. 
(48a)  Ben  Stack        .        .       «. 
(51a)  Mainland,   from    Handa 

Island. 
(42a)  Coast    opposite 

Island. 
(69a)  Handa,  Sea  Cliffs 
(60a)  Handa  Island  . 


Stack  of  Torridon  Sandstone.     1002. 

M  «»  •»  •♦ 

Nearly  horizontal  Foliation  in  Hobridean 

Gneiss.    1902. 
*  Slack '  due  to  weathering  out  of  Basic 

Dyke  in  Gneiss.    1902. 
Glencoul  Thrust-plane.    1902. 


Cliff  of  Eastern  Schists;  Moine  Thrust- 
plane.    1902. 

Glencoul  Thrust-plane ;  Gneiss  on  Dume« 
Limestone.    1902. 

Moine  Schists,  Moine  Thrust,  Cambrian 
rocks,  and  Gneiss.    1902. 

Torridon  Sandstone  Mountain  and  Gneiss 
Plateau.    1902. 

Hummocky  (glaciated  7)  Gneiss.    1902. 

Basic  Augen  in  Gneiss.    1902. 

Torridon  Sandstone  and  Gneiss.    1909. 

Basic  Auge  in  Gneiss.    1902. 

Gneiss  Mountain,  2364  ft.     1902. 
Ben  Arkle  and  Ben  Stack.    1902. 


Handa    Vertical  Thrust-plane  in  Gneiss.    U02. 

.    Torridon  Sandstone.    1909. 

.    Torridon  Sandstone  Stack.    1902. 


IRELAND. 

A^THiM,^ Photographed  by  Mrs.  CJoomXraswXmy,  Walden^  Worpleadon^ 

Guildford,     1/4. 

8678    (24)  Coast  from  Dunluce  Castle  Basalt  filling  Ancient  Valley  in  Chalk, 
towards  Portrush.  1902. 

8674  (23)  The  Gobbins  aiffs      .        .  Higher  Lava  filling  crack  in  lower.    1902. 

8675  (22)         „               „         .        .  Junction  of  two  Lava-flows.  „ 
3676    (21)  Giant's  Causeway      .        .  Transverse  Jointing  in  Columnar  Ba^t. 

1902. 


Photographed  by  Professor  S.  H.  Reykolds,  M,A,,  F.G,S,,  University 
College^  Bristol,     1/4. 


8677 

)  Giant's  Causeway     . 

.    Spheroidal  Weathering  of  Basalt. 

1902. 

8678 

) 

M                                             f>                                             »• 

»» 

8679 

)  Fair  Head 

.    Erratic  block  and  Roche  MoutmmU, 

3680 

)  Rue  Bane  Point 

.    Camptonite  Dyke. 

tj 

8681 

)              „            .        . 

.    Puckered  Gneiss. 

3688 

)  8.  of  Cushendall 

.     Old  Sea-caves,  raised. 

8688 
8684 
3685 

)  Garron  Point    . 

.    Slipped  Basalt  and  Chalk. 

*• 

)  Garron  Point  . 

»»               »» 

«* 

8686 

)            „             .        . 

»                  *>               >i 

** 

8687 

( 

)           M             .        . 

t>               t« 

♦t 

9688 

( 

)  (Barron  Tower  ,       , 

Standing  on  strip  of  faulted  Basaft. 

»> 
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8690 
8691 
8692 


869« 

8695 


8697 


8700 
3701 
8702 

3703 
3704 
3706 
8706 


)  Garron    Point,    *  Leg   of 

Matton  Rook.' 

Glenarm  Qaany 

BallygaUy  Head 

Magheramorne . 

The  Gobbins  Cliffs 


Beeobmount,  Belfast 


Cave  Hill,  Belfast 


Marine  undercutting.  1902. 

Basalt  overljing  Chalk.  „ 

Fault  between  Chalk  and  Basalt.       „ 
Basalt  overljing  Chalk.  „ 

t»  «i  ♦• 

Axnygdaloidal  Basalt.  ,, 

Amjgdaloidal  Basalt  with  vertical  amyg- 

dules.     1902. 
Tongue  of  Upper  Lava   piercing  Lower 

vesicular  Lava.     1902. 
Basalt  Dyke  in  Trias.     1902. 

Eeuper.    1902. 
Boulder-clay  on  Keuper.      ,, 

Laminated  Boulder-clay.      „ 

Deceptive  appearance  of  horizon tality  in 

Trias.    1902. 
Junction  of  Basalt  and  Chalk.    1902. 
Basalt  Dyke  in  Chalk.  „ 


Down, — Photographed  by  Mrs.  CoomAraswAmt,  Walden,  Worplesdon. 
Guildford,     1/4. 

8707  (27)  Castles  of  Kivvitar,  Mourne    Granite,  weathering.    1902. 

Mountains. 

8708  (26)  Castles  of  Kivvitar,  Mourne  „  •>  h 

Mountains. 

8709  (25)  Slieve  Commedagh,  Mourne  „  „  h 

Mountains. 


PIu>tograph§d  by  Professor  S.  H.  Reynolds,  M,A,y  F.G.S.y  Univeraity 
College,  Bristol     1/4. 

3710    (       )ScraboHill       . 
Wil    (      )  ,.  .        . 


3712  ( 

3718  ( 

871<  ( 

3716  ( 

3716  ( 


Basalt  Dyke  in  Trias. 
Basalt  I^ke  in  Trias. 

Calcite.    1902. 
SiUs  breaking  across  bedding. 
Basalt  Sills  in  Trias. 


1902. 
Cracks  filled  with 


1902. 


Basalt  Dyke  and  Sills  in  Trias.    „ 
Basalt  Dyke  cutting  Trias  and  Basalt  Sills. 
1902. 


BuBLiN.—  PAo^o^-apAtfd  by  W.  B.  Wright,  14  Hume  Street^  Dublin, 

1/4. 

Even  and  Current-bedded  sand  in  Esker. 

1902. 
Ripple-bedding  in  Esker.    1902. 
^)iIt8  in  Esker ;  crumpled  band  and  amid 

evenly  bedded  sUt  and  sand.     1902. 
Boulder  in  current-bedded  sand  in  Esker. 

1902. 
Sand  and  silt  layers  truncated  by  coarse 

gravel  in  Esker.     1902. 
Sand  and  silt  layers  in  Eskef^^yft^A^QQlC 


8717    (1)  Greenhills    . 

•          • 

8718  (2) 

8719  (3) 

Tt                         t 

»»                         • 

8720    (4) 

t» 

8721    (6) 

y» 

8722    (6) 

i»               • 
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Kerby.^ Photographed  by  Professor  S.  H.  Reynolds,  M.A.,  F.G.S.y 

University  College,  Bristol.      1/4. 

3723  (61)  W.  of  Dnnqnin,  Dingle      .     Points  formed  bj  relatively  hard  beds. 

1900. 

3724  (52)  Sight  Point,  Dingle    .             Highly  inclined  Smerwick  Beds.  1900. 
3726    (53)            „             „         .        .     Rugged  Old  Red  Sandstone.  „ 
3726    (54)  B.  side  of  Smerwick  Har-    Clilf  on  Bonlder-clay.  „ 

bour. 

Louth. — Photographed  by  Professor  S.  H.  Reynolds,  M.A,,  F.G.S., 
University  College,  Bristol,      1/4. 

Basalt  Sills  in  Carboniferous  Limestone. 
1902. 

Basalt  Sills  in  Oarboniferons  Limestone. 
1902. 

Basalt  Sills  In  Carboniferous  Limestone. 
1902. 

Basalt  Sills  with  included  Gabbro  frag- 
ments.   1902. 

Granophyre  network  in  Gabbro.     1902. 


3727 
3728 
8729 
3730 


)  Greenore 
)        . 
)        » 
)        « 


8731 
3732 
3733 


)  Bamavave, 

) 
) 


Carlingford 


Banded  Gabbro. 


JEstua/rine  Deposits  at  KirmiTigUm,  Lincolnshire, — Preliminary  Report 
of  the  Committee,  consisting  of  Mr.  G.  W.  Lamplugh  {Chavrman)^ 
Mr.  J.  W.  Stather  {Secretary),  Mr.  F.  W.  Harmer,  Mr.  P.  P. 
Kendall,  Mr.  Clement  Reid,  and  Mr.  Thomas  Sheppabd, 
appointed  to  investigate  the  Estuarine  deposits  at  Kirmington. 
LiTicolnshire,  and  to  consider  its  position  with  regard  to  the  Glacial 
Deposits,     (Drawn  up  by  the  Secretary,) 

Your  Committee  report  that,  as  a  favourable  opportunity  presented  itself 
during  the  summer,  preliminary  operations  were  undertaken  to  investigate 
the  beds  underlying  the  estuarine  deposit,  by  means  of  boring,  and  the 
results  obtained  are  of  such  general  interest  that  it  is  proposed  to  continue 
the  work,  and  to  apply  for  a  grant  of  251,  to  enable  this  to  be  done. 

While  it  would  be  premature  at  present  to  enter  into  a  detailed 
account  of  the  investigation,  it  may  be  advisable  to  state  briefly  the 
problems  which  are  involved,  and  the  results  already  obtained.  Attention 
was  first  called  to  the  fossiliferous  nature  of  the  deposit  by  Messrs.  Wood 
and  Kome  on  the  *  Glacial  and  Post-glacial  Structure  of  Lincolnshire  and 
South-east  Yorkshire,'  in  which  they  refer  to  it  *  as  a  portion  of  the 
Hessle  clay  formation.'  Mr.  C.  Reid  gives  a  fuller  account  of  the  bed 
in  his  *  Survey  Memoir  on  the  Geology  of  Holdemess '  (p.  58),  stating 
that  though  the  sand  underlying  the  warp  probably  rested  directly  on 
the  chalk,  the  deposit  was  an  estuarine  clay  of  interglacial  age.  Mr.  G.  W. 
Lamplugh  some  time  later  made  passing*  reference  to  the  Earmington 
section,  and  sugsested  that  the  bed  was  probably  .older  than  any  <^  the 
Yorkshire  glacial  deposits. 

The  warp,  which  is  well  exposed  in  a  brickyard,  is  situated  on  a  low 
hill  about  80  feet  above  sea-level.  The  upper  portion  has  yielded  a  few 
species  of  estuarine  ^eUs,  but,  as  our  recent  investigations  have  shown, 
fresh-water  shells  occur  in  a  peaty  bed  at  its  base.  It  is  proposed  to 
investigate  the  fauna  and  flora  of  this  bed  very  carefully.  lOOglC 
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Below  the  warp  a  few  feet  of  sand  is  exposed  in  the  brioWard,  but 
until  our  boring  was  put  down  there  was  no  infonuation  as  to  the  under- 
Ijing  bed.  Our  boring  proved  a  thickness  of  12  feet  of  sand  and  fine 
chalkj  gravely  resting  on  12  feet  of  9tiff  pirple  clay  with  foreign 
stoneSy  evidently  a  glacial  clay,  and  then  11  feet  of  silt,  sand,  and  fhie 
chalk  rubble,  below  which  it  was  impracticable  to  carry  the  boring 
without  tubing  the  hole,  for  which  we  had  not  the  appliances. 

As  boulder-clay  is  seen  at  one  comer  of  the  pit  to  overlie  the  fossili- 
ferous  warp,  there  seems  no  doubt  that  the  bed  lies  between  two  glacial 
deposits,  but  it  is  highly  desirable  that  the  section  should  be  carried 
downward  to  the  chalk. 

The  thanks  of  the  Ck)mmittee  are  due  to  Mr.  J.  Villiers  of  Beverley, 
who  very  kindly  put  the  boring  down  at  his  own  cost ;  also  to  the  Earl  of 
Yarborough  (landlord),  Mr.  Hervey  (tenant),  and  Mr.  E.  P.  Hankey  (agent). 


InvestigcUion  of  tlis  Fauna  and  Flora  of  the  Trias  of  the  British  Isles. — 
Report  of  the  OanvnUttee,  consisting  of  Professor  W.  A.  Herdman 
(Ghairrrum),  Mr.  J.  LoMAS  {8ecretwry\  Professor  W.  W.  Watts, 
imdj  Messrs.  P.  F.  Kendall,  E.  T.  Newton,  A.  C.  Seward,  arwZ 
W.  A.  E.  UsSHER.     (Drawn  up  by  tJie  Secretary.) 

[Platbs  IV.-VIIL*] 

The   scheme  of  work   undertaken  by   the  Committee  includes  the  fol- 
lowing : — 

(1)  To  record  all  fossils  from  the  British  Trias  now  deposited  in 
museums  (public  or  private),  special  care  being  taken  to  get  the  exact 
locality  and  horizon  from  which  the  fossils  were  obtained. 

(2)  To  compare  the  fossils  from  different  horizons  in  order  to  see 
whether  any  changes  can  be  traced  in  the  character  of  the  fauna  and 
flora  during  Triassic  times,  and  if  geographical  limits  can  be  made  out  for 
certain  species. 

(3)  To  collect  data  regarding  deep  borings  which  show  Triassic  rocks. 

(4)  To  obtain  photographs  of  slabs  showing  footprints  or  other  fossils, 
and  of  quarries  and  beds  in  which  organic  remains  have  been  found. 

(5)  To  compile  a  bibliography  of  works  and  papers  dealing  with  the 
subject. 

Considerable  progress  has  been  made  as  the  result  of  the  Committee's 
first  year's  work,  and  many  offers  of  assistance  have  been  received.  The 
Committee  is  especially  indebted  to  Mr.  H.  C.  Beasley,  who  has  furnished 
a  report  on  cheirotheroid  footprints,  and  has  promised  to  write  other 
reports  on  rhyncosauroid  and  chelonoid  footprints  next  year. 

REPORT   ON   FOOTPRINTS   FROM   THE   TRIAS.— Part  I. 

Introdtiction, 

The  organic  remains  found  in  the  Trias  of  Great  Britain  are  so  rare, 
and  confined  to  so  few  localities,  that  the  animal  life  of  the  period  might 
appear  to  have  been  very  limited,  both  in  the  number  of  species  and  of 
individuals,  but  for  the  records  of  the  presence  of  an  abundant  fauna  pre- 

♦  The  plates  are  reproductions  of  photographs  taken  by  kind  pcmjission  of  the 
authorities  of  the  Mnseiims  mentioned.  Digitized  by  vjOOQ  l€ 
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served  in  the  footprints  of  vertebrates  and  the  tracks  of  invertebrates 
found  in  different  horizons  over  extended  areas  wherever  the  conditions 
were  favourable  to  their  preservation. 

The  small  prospects  of  satisfactory  results,  the  certainty  of  the  expendi- 
ture of  much  labour  and  time,  and  the  necessity  for  the  exercise  of  so 
much  patience  have  caused  the  systematic  study  of  this  particular  branch 
of  palaeontology  to  receive  less  attention  than  it  deserves. 

The  paper  of  Dr.  Duncan  in  1828,^  the  great  work  of  Sir  W.  Jardine 
on  the  Ichnology  of  Annandale,  and  the  numerous  papers  by  Huxley,*^ 
Owen,  Egerton,  Black,  Mantell,  Cunningham,  Harkness,  A.  S.  Woodward, 
and  others,  scattered  through  the  transactions  of  various  societies,  are 
mainly  concerned  with  describing  prints  found  in  the  special  localities  to 
which  the  papers  relate,  and  not  to  the  review  of  the  subject  as  a  whole. 
Dr.  T.  C.  Winkler,^  in  the  archives  of  the  Mus^  Teyler,  brought  together 
abstracts  of  the  most  important  papers  that  had  appeared  up  to  that  time, 
and  gave  a  description  of  the  examples  in  the  museum  of  that  institution  ; 
but  he  did  not  attempt  to  correlate  the  results. 

The  footprints  in  the  Trias  in  England,  and  probably  also  in  Scotland, 
are  with  some  doubtful  exceptions  confined  to  the  Keuper.^ 

Whether  this  indicates  any  great  difference  in  the  mode  of  deposition 
and  prevailing  conditions  or  not,  the  fact  remains  that  from  the  base  of 
the  Lower  Keuperto  well  up  in  the  Upper  Keupor  footprints  are  met  with 
at  intervals  whenever  there  are  beds  suitable  for  their  formation  and  pre- 
servation. 

The  tracks  of  vertebrates  are  associated  with  those  of  invertebrates, 
probably  representing  Vermes,  MoUusca,  and  Crustacea,  or  at  any  rate 
resembling  the  tracks  made  by  recent  members  of  these  classes. 

On  looking  through  collections  of  Triassic  footprints  it  will  be  seen 
that  the  greater  number  has  been  obtained  in  this  country  from  Storeton, 
Runcorn,  Weston,  and  Lymm,  all  in  Cheshire,  or  in  other  places  in  the 
same  series  of  exposures  of  the  basement  beds  of  the  Keuper  and  those 
beds  immediately  overlying  them.  They  have  also  been  recorded  from 
beds  occupying  a  similar  horizon  at  Grim  sill  in  Shropshire,  and 
in  Staffordshire,  both  north  and  south,  particularly  from  quarries  a  few 
miles  north-west  of  Wolverhampton  and  from  the  neighbourhood  of 
Warwick.  They  have  also  been  noticed  in  the  St.  Bees  Sandstone  near 
Appleby.  In  Scotland  the  counties  of  Elgin  and  Dumfries  are  classical 
localities,  and  a  little  search  would  probably  prove  their  presence  in  most 
districts  where  the  bed  of  the  upper  division  of  the  Trias  are  quarried. 

The  earliest  finds  of  footprints  in  this  country  seem  to  have  been  those 
at  Corncockle  Muir  in  Dumfriesshire  in  1824,  and  at  Tarporley  in  Cheshire, 

'  '  An  Account  of  the  Tracks  and  Footprints  of  Animals  found  impressed  on  Sand- 
stone in  the  Quarry  of  CJorncockle  Muir  in  Dumfriesshire/ by  the  Rev.  Henry  Duncan, 
D.D.,  Minister  of  Buthwell,  Tram.  Roy.  Soo.  Edin.t  vol.  xi.  1828.  Read  January  7, 
1828. 

'  Memoirs  of  the  Geological  Survey,  Monograph  III.,  by  T.  H.  Huxley,  on 
*  Crocodilian  Bemains  from  the  Elgin  Sandstone,  with  Remarks  on  the  Ichnites  of 
Cummingstone.' 

*  *■  Etude  Ichnologlque  sur  les  Empreintes  de  Fas  des  Animaux  Fossiles,'  Arekivei 
MusSe  Teyler,  Harlem,  second  series,  vol.  ii.,  part  4, 1886. 

*  There  are  in  Owens  College  Museum,  Manchester,  two  slabs  with  footprints, 
said  to  have  come  from  the  Bunter  Pebble  Beds,  near  Eastham,  Cheshire,  and  given 
by  Sir  J.  Leader  Williama  As  a  quantity  of  stone  for  use  in  the  construction  of  the 
Manchester  Ship  Canal  was  obtained  from  the  Runcorn  and  Weston  Quarries  there 
i.s  a  possibility  of  error  as  to  the  original  source  of  the  specimens.  #     r-..^,T  I  /> 
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also  in  1824.  The  former  were  found  by  Dr.  Duncan  and  described  four 
years  later  in  the  paper  referred  to  above.  The  latter,  although  found  in 
1824,  were  not  recognised  as  footprints  by  Sir  P.  Grey  Egerton  ^  till  1836, 
and  were  described  in  1838  in  a  paper  read  at  the  Geological  Society's 
meeting,  December  5,  and  at  the  same  meeting  the  prints  from  Storeton 
were  described.* 

The  footprints  vary  greatly  both  in  size  and  form,  the  smallest  noticed 
being  about  one-eighth  of  an  inch  and  the  largest  15  inches  in  length.  The 
variation  in  form  is  not  only  caused  by  differences  in  the  form  of  the  foot 
itself,  but  also  by  the  conditions  under  which  the  tracks  were  made,  such 
as  the  consistence  of  the  mud,  the  action  of  the  animal,  whether  moving 
rapidly  or  otherwise,  and  the  inclination  of  the  surface.^ 

The  prints  are  generally  preserved  as  casts  on  the  under  surface  of  the 
overlying  sandstone.  The  bed  of  marl  on  which  the  original  prints  were 
made,  being  very  thin  and  friable,  is  seldom  fit  for  removal.  Immediately 
after  a  slab  is  lifted  the  perfect  prints  are  often  visible,  but  rapidly 
become  obliterated.  At  Corncockle  Muir,  however,  the  prints  themselves 
are  frequently  preserved. 

The  bed  of  marl  is  often  much  broken  up  by  desiccation  cracks  and 
otherwise  deformed  in  drying,  which  greatly  interferes  with  the  preserva- 
tion of  impressions,  and  castis  of  these  cracks  often  form  a  network  of 
ridges  on  the  overlying  sandstone. 

The  beds  in  which  the  prints  were  made  appear  to  have  resulted  from 
temporary  accumulations  of  water,  which,  as  they  disappeared,  left  behind 
the  mud,  on  which  were  preserved  the  footprints  of  whatever  animals 
happened  to  cross  it.  In  the  loose  sand  which  formed  the  general  surface 
of  the  country  such  records  of  their  presence  would  not  be  preserved. 

There  is  no  indication  in  the  forms  preserved  that  they  were  produced 
by  water-loving  animals ;  there  is  no  more  reason  for  supposing  that  the 
mud  attracted  an  unusual  concourse  of  animals  than  that  it  merely 
recorded  the  presence  of  the  usual  inhabitants. 

There  is  every  probability  that  the  sand  was  usually  deposited  on  the 
mud  by  eeolian  rather  than  by  aqueous  agency.  The  prints  were  often 
made  in  a  very  thin  layer  of  mud  (occasionally  so  thin  that  it  adhered  to 
the  foot  of  the  animal,  leaving  the  underlying  sand  exposed),  and  this 
thin"  layer  in  drying  was  broken  up  by  shrinkage  and  divided  into  a 
number  of  curved  plates,  the  curved  surfaces  being  perfectly  reproduced 
on  the  under  surface  of  the  layer  of  sandstone  above.  Had  this  mud 
been  again  covered  with  water  it  would  have  lost  its  curvature,  and  the 

'  •  On  two  Casts  of  Impressions  of  the  Hind  Foot  of  a  gigantic  Cheirotherium  from 
the  New  Red  Sandstone  of  Cheshire/  by  Sir  P.  Grey  Egerton,  Proo.  Oeol,  Soc^ 
vol.  iii.  p.  14.    Read  December  5, 1838. 

^  *  An  Account  of  the  Cheirotherium  and  other  unknown  Animals  lately  discovered 
in  the  Quarries  of  Storeton  Hill,  in  the  Peninsula  of  WirralJ,  between  the  Mersey  and 
the  Dee,'  Proc.  Oeol.  Soc,  vol.  iii.  p.  12.  Read  December  5,  1838.  This  appears  to 
have  beien  a  report  by  the  Liverpool  Natural  History  Society  written  by  Mr.  J. 
Cunningham  and  submitted  by  the  Geological  Society  in  London. 

'  A  letter  from  Professor  Buckland,  dated  Oxford,  December  12, 1827,  quoted  in 
Dr.  Duncan's  paper  referred  to  above,  shows  how  fully  the  importance  of  studying  the 
effect  of  varying  conditions  on  the  prints  left  by  recent  animals  was  recognised  by 
earlier  investigators. 

Professor  T.  McEenna  Hughes  in  the  Quarterly  Journal  Geological  Society ^  vol.  xl. 
p.  178,  pis.  7-11,  has  a  paper  on '  Some  Tracks  of  Terrestrial  and  Freshwater  Animals,' 
which^  though  referring  to  the  tracks  of  invertebrate:?,  hae  an  important  bearing  on 
the  present  bubject.  ,  , 
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overljing  sandstone  would  have  been  flat  on  its  under  surface,  as  has 
been  shown  by  Messrs.  Davies  and  Reade.* 

Again,  we  could  hardly  expect  to  find  the  sharpness  of  the  prints  to 
be  so  well  presei*ved  had  they  been  subjected  to  the  erosive  action  of 
water  moving  with  sufi&cient  rapidity  to  carry  fairly  coarse  sand. 

There  are,  however,  some  few  cases  in  which  the  sand  would  appear  to 
have  been  deposited  by  water,  where  the  casts  of  the  prints  consist  of  laminse 
of  rather  micaceous  sandstone.  An  example  of  this  may  be  seen  in  the 
collection  at  University  College,  Liverpool.   Such  prints  are  very  imperfect. 

Occasionally  prints  are  met  with  on  rippled  surfaces  with  the  ripples 
extending  sicross  the  prints.  An  example  of  this  may  be  seen  in  a  large 
rippled  slab  at  the  Liverpool  Public  Museum,  where  the  ripple  marks 
are  distinctly  traceable  across  some  large  imperfect  prints  ;  but  a  long 
series  of  smaller  prints  crossing  these  seem  to  have  been  made  subsequently 
to  the  rippling.  There  is  also  one  large  print  from  Storeton  in  the 
University  College,  Liverpool,  collection  distinctly  showing  the  same 
thing.  In  these  cases  the  larger  prints  may  have  been  made  whilst  there 
was  a  thin  layer  of  water  over  the  mud,  just  sufl&cient  to  form  the  short 
ripples  represented.  Such  rippled  surfaces  are  usually  free  from  desicca- 
tion cracks,  and  the  wind-borne  sand  may  have  been  deposited  before  the 
water  had  quite  disappeared.  The  drying  would  in  that  case  be  very 
gradual,  and  the  curvature  of  the  layer  by  the  very  unequal  rate  of 
desiccation  of  the  upper  and  lower  surfaces  w6lild  be  prevented.  The 
covering  of  the  mud  by  wind-borne  sand  whilst  it  still  retained  its  moisture 
will  explain  the  absence  of  cracks  on  some  sur&ces,  and  their  presence  in 
others  where  the  thickness  of  the  beds  of  marl  is  the  same. 

Cliaracter  of  the  Beds  in  which  Footprints  occur. 

Cheshire. — ^The  quarries  at  Storeton  are  in  the  Lower  Keuper  Sand- 
stone. It  is  here  brought  down  by  a  trough  fault  into  the  Upper  Bunter, 
which  bounds  it  on  the  east  and  west,  and  so  forms  the  ridge  that  runs 
approximately  north  and  south  from  Oxton  to  Higher  Bebington. 

The  point  now  being  worked,  and  where  footprints  are  obtained,  is  at 
the  northern  end  of  the  south  quarry,  and  the  working  shows  a  vertical 
face  of  120  feet.  The  footprint  beds  occur  rather  above  the  middle  of  the 
face,  and  just  there  are  three  in  number,  confined  within  a  thickness  of 
3  or  4  feet.  They  were  estimated  by  Mr.  Morton*  to  be  about 
124  feet  above  the  base  of  the  Keuper.  The  stone  obtained  is  a  fine 
grained  sandstone,  white  or  cream-coloured,  with  occasionally  more 
deeply  iron-stained  surfaces.  There  are  a  few  beds  of  very  red  marl  from 
an  inch  to  some  feet  in  thickness,  and  thinner  beds  of  a  fine  white  clay. 
In  the  stratum  containing  the  footprint  beds  the  sandstone  is  flaggy,  but 
the  rest  is  rather  massive  and  compcu^t,  somewhat  soft  towards  the  top, 
harder  below,  the  best  stone  being  obtained  below  the  footprint  bed. 

The  method  of  working  is  to  clear  a  space  of  30  or  40  feet  square 
and  work  downwards,  so  that  the  surface  of  the  footprint  beds  is  only 
exposed  occasionally  and  its  extent  limited.  It  is  hoped  that  careful 
observations  may  be  continued  in  order  to  ascertain  whether  some  slight 
differences  that  have  been  noticed  in  the  footprints  from  the  three  beds 
are  really  characteristic  of  the  three  beds  over  a  larger  area. 

'  *•  Description  of  the  Strata  exposed  during  the  Construction  of  the  Seaoombe 
Branch  of  th«  Wirral  Railway,*  Proo,  Lw&rpool  Qeol.  Soe.^  vol.  vii.  p.  329. 
''  GculoQij  if  the  Country  around  Liverpool,  2nd  edit.,  p.  106. 
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The  beds  of  white  clay  in  which  the  prints  were  made  are  so  thin  as 
to  be  hardly  discernible  on  the  freshly  worked  face,  but  become  readily 
traceable,  after  a  few  years'  weathering,  when  a  scant  vegetation  has  taken 
root  in  the  softer  places. 

The  quarries  in  the  neighbourhood  of  Runcorn  extend  about  a  mile 
along  the  escarpment  of  Lower  Keuper,  forming  the  crest  of  the  hills 
dicing  the  estuary  of  the  Mersey  from  Runcorn  to  Weston. 

The  sandstone  is  of  coarser  grain  than  at  Storeton,  and  of  a  dull  red 
colour  ;  but  the  position  and  nature  of  the  footprint  bed  are  about  the  same, 
and  it  can  be  traced  the  whole  length  of  the  hill  until  it  passes  beneath 
the  floor  of  the  principal  quarry  now  worked.  The  spoil  banks  covering 
the  larger  area  of  the  old  quarries  still  yield  numerous  examples,  and  in 
spite  of  the  coarse  nature  of  the  stone  and  the  deformation  of  its  surface 
by  desiccation,  cracks,  <fec.  some  very  perfect  specimens  have  been  pre- 
served. While  the  larger  forms  are  less  plentiful  than  at  Storeton,  the 
smaller  ones  are  more  numerous  and  varied. 

There  is  a  second  bed,  a  considerable  distance  below  the  footprint  bed, 
which  yields  very  many  curious  markings,  but  none  that  can  be  said  with 
certainty  to  be  of  organic  origin. 

At  Lymm  the  quarries  in  the  neighbourhood  are  mostly  closed,  and 
the  spoil  banks  covered  with  vegetation. 

Near  Tarporley  and  in  Delaniere  Forest  beds  which  have  jdelded  foot- 
prints are  found.  They  occur  at  horizons  rather  higher  in  the  Keuper 
than  those  at  Storeton  and  Kuncom. 

Shropshire. — The  quarries  at  GrimsUly  Shropshire  (easily  reached 
from  Yorton  station  on  the  Crewe  and  Shrewsbury  Railway),  are  very 
extensively  worked,  and  yield  from  time  to  time  not  only  numerous 
footprints  but  remains  of  rhynchosaurus. 

They  are  very  like  the  quarries  at  Storeton  both  in  the  character  of  the 
stone  and  the  position  of  the  beds. 

Warwickshire. — Near  Warwick  the  quarries  at  the  Coten  End  in  the 
Lower  Keuper  are  not  much  worked  now.  The  small  but  very  interesting 
quarry  at  Shrewly,  a  mile  or  so  from  Hatton  Junction,  on  the  Great  West- 
em  line,  is  in  the  Upper  Keuper  Sandstones,  with  the  marls  above  and 
below.    Footprints  are  frequently  found,  and  the  remains  of  invertebrates. 

Staffordshire. — Traces  of  footprints  have  been  noticed  in  quarries  at 
Alton  and  Hollington,  in  North  Statifordshire,  in  the  building  stones  of  the 
Lower  Keuper. 

In  South  Staffordshire  footprints  are  very  numerous  in  the  quarries 
along  the  outcrop  of  the  harder  beds  of  the  Keuper  a  few  miles  north- 
west of  Wolverhampton.  Some  of  the  sections  have  recently  been 
described  by  Mr.  Beeby  Thompson,  F.G.S.^ 

Scotland. — The  footprint-yielding  quarries  in  Dumfriesshire  do  not 
seem  to  be  much  worked  now  ;  the  footprint  beds  are  described  as  extend- 
ing through  a  thickness  of  about  forty-five  feet  (see  Dr.  Duncan's  paper 
referred  to  above). 

For  an  account  of  the  quarries  at  Elgin  see  Huxley's  monograph, 
previously  referred  to ;  also  *  Reptiliferous  Sandstones  of  Elgin,'  by 
Rev.  QeoTge  Gk)rdon,  LL.D.,  'Trans.  Geological  Society  Edinburgh,' 
February  1892. 

*  *8oiiie  Trias  Sections  in  South Staffordsbire,*  by  Beeby  Tbompson,  F.G.S..  /?<?/»7. 
Mag.,  Dec,  iv.,  vol.  ix.,  May  1S^U2. 
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Description  of  the  Footprints, 

In  describing  the  footprints  in  detail  it  will  be  convenient  to  consider 
them  merely  as  footprints,  regarding  only  the  features  they  individually 
present,  without  reference  to  the  animal  that  may  be  supposed  to  have 
made  them,  except  in  the  case  where  two  forms  have  frequently  been 
found  together  in  such  a  position  as  would  warrant  our  considering  them 
as  representing  the  fore  and  hind  feet  of  the  same  animal. 

If  we  bear  this  principle  in  mind  and  fully  recognise  that  the  nomen- 
clature *  does  not  involve  any  assumption  as  to  their  origin,  it  will  be  well 
to  group  together  certain  of  them  as  cheirotheroid,  rhynchosauroid,  and 
chelonoid,  the  prints  in  each  group  having  a  certain  resemblance  to  those 
ascribed  by  the  earlier  writers  to  the  Cheirotherium,  the  Rhynchosaurus, 
and  *  some  Chelonian '  respectively.  This  will  be  the  more  convenient,  as 
the  forms  in  each  group  differ  greatly  from  those  in  either  of  the  others. 
There  will  remain  many  other  forms  that  cannot  be  included  in  these 
groups,  but  they  may  be  considered  later,  the  above  being  taken  first,  as 
they  contain  the  more  common  forms. 

Cheirotheroid  Forms. 

The  most  striking  of  the  footprints  found  in  the  Triassic  rocks  is  that 
to  which  Professor  Kaup  gave  the  name  *  Cheirotherium '  when  it  was  dis- 
covered at  Hessburg,  near  Hildburghausen,  in  1835.  He  also  suggested 
the  alternative  name  of  *  Cheirosaurus '  in  the  event  of  the  animal  whose 
presence  it  recorded  proving  to  be  a  saurian.  As  we  are  still  ignorant  of 
the  nature  of  the  animal  referred  to  it  will  be  well  to  adhere  to  the 
original  name. 

The  print  is  pentadactylate.  and  roughly  resembles  a  human  hand.  It 
varies  from  5  to  1 5  inches  in  length,  the  average  being  from  8  to  9  inches. 

The  middle  digit  is  the  longest,  those  next  on  either  side  being  rather 
shorter,  and  the  outer  ones  considerably  shorter  still. 

The  divisions  between  the  outer  digits  and  those  next  them  extend 
farther  back  than  those  on  either  side  the  middle  digit. 

Four  of  the  digits  are  only  slightly  divergent,  and  each  shows  the 
presence  of  a  sharp  claw  at  the  extremity.  The  outer  digit  on  one  side 
has  its  origin  further  back  than  the  corresponding  digit  on  the  other  side, 
is  broader  in  proportion  to  its  length,  diverges  considerably  from  the  axis 
of  the  rest  of  the  foot,  and  is  usually  curved  outwards  :  it  does  not  show 
any  trace  of  a  claw. 

Where  a  series  of  prints  is  shown  it  is  usually  found  that  they  are  in 
a  single  line,  and  that  the  curved  digit  occurs  alternately  on  the  right  and 
left  side.  If  a  line  be  drawn  through  the  middle  digits  of  the  prints 
having  the  curved  digits  on  the  one  side  and  the  corresponding  digit  of 
those  having  the  curved  digit  on  the  other,  it  will  be  found  that  the  distance 
between  the  two  lines  is  seldom  over  3  inches.  This  would  point  to 
the  curved  digit  being  the  fifth  ;  but  the  suggestion  has  been  made  that 
the  animal  may  have  crossed  its  feet  to  the  extent  of  3  inches,  and  that 
the  curved  digit  was  the  first.  However,  tracks  have  been  found  where 
the  distance  between  the  lines  of  the  right  and  left  feet  is  much  greater. 
There  is  a  slab  in  the  Warrington  Museum  from  Lymm  where  the  lines 
are  fully  6  inches  apart,  and  another  in  the  British  Museum,  No.  R.  728, 

>  In  the  detiiiled  description  which  follows  the  variouj^  forms  have  been  indicated 
by  letters.  Tbede  correspond  with  the  nomenclature  adopted  in  my  previous  papers, 
Proe.  Liverpool.  Geol,  Soc,  vol.  Tii.  p.  391 ;  vol.  viii.  p.  2S3;  vol.  ix'.  fFv^^^fftl^^^- 
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from  Hildburghausen,  very  similar,  in  both  of  which  the  curved  digit  is 
fttill  the  outer  one.  It  is  therefore  clear  that  it  represents  the  fifth  or 
outer  digit,  and  for  the  purposes  of  this  report  will  be  described  as  such. 

At  the  base  of  each  digit  there  appears  to  be  a  pad  or  cushion,  often 
merging  into  that  of  the  next  digit ;  that  at  the  base  of  the  fifth  digit  is 
larger  than  the  others  and  quite  separate  from  them,  and  it  forms  the 
posterior  outer  margin  of  the  print ;  but  on  the  inner  side  the  margin 
of  the  pi*int  is  very  slightly  marked,  sometimes  not  at  all,  between  the 
pad  at  the  base  of  the  first  digit  and  that  of  the  fifth. 

Occasionally  the  fifth  digit  is  not  curved,  and  is  only  slightly  divergent 
from  the  other  digits.  Two  prints  from  Grimsill,  Salop,  show  this 
peculiarity  :  one  is  in  the  Ludlow  Museum  and  the  other  at  Shrewsbury. 

A  short  distance  in  front  of  the  prints  just  described  indications  are 
found  of  the  presence  of  a  smaller  foot.  The  print  is  frequently  very 
slight,  but  is  sometimes  very  clearly  defined,  and  its  axis  coincides  with 
that  of  the  larger  print. 

It  consists  of  five  short  divergent  digits,  the  fifth  being  nearly  at  right 
angles  with  the  third  ;  there  is  no  clear  indication  of  an  ungual  termina- 
tion ;  the  print  is  rather  broader  than  long,  and  varies  from  a  third  to 
half  the  size  of  larger  print,  which  we  may  consider  as  that  of  the  pes, 
and  the  smaller  as  the  manus.  There  are  pads  at  the  base  of  the  digits 
which  coalesce  and  form  the  posterior  margin  of  the  print. 

The  weight  of  the  body  was  principally  borne  by  the  pes,  as,  although  pre- 
senting a  much  larger  suif  ace  than  the  manus,  it  made  a  deeper  impression. 

Both  pes  and  manus  seem  to  have  been  almost  digitigrade,  the  distal 
extremities  only  of  the  metatarsals  and  metacarpals  reaching  the  ground  : 
these  being  represented  by  the  pads  at  the  base  of  the  digits. 

Traces  of  a  Caudal  Appendage. 

No  certain  traces  of  a  tail  have  been  seen  associated  with  these  foot- 
prints. In  the  British  Museum  there  is  a  slab  of  prints  from  Storeton,^ 
JR.  730,  on  which  is  a  long  tapering  mark,  with  rows  of  scales  on  the 
thicker  part  and  terminating  in  some  indistinct  rod-like  markings. 
This,  it  has  been  suggested,  may  indicate  the  presence  of  a  tail.  Very 
similar  markings  are  present  on  a  large  slab  from  Lymm,  in  the  Warwick 
Museum.  In  neither  case  does  the  marking  in  question  occupy  the 
position  in  regard  to  the  footprints  that  might  have  been  expected,  and  it 
is  possible  the  marks  in  question  may  have  had  a  vegetable  origin. 
Undoubted  tail-marks  have  been  observed,  but  they  were  not  associated 
with  the  Cheirotherium  footprints.  As  will  be  seen  later,  a  small  print 
bearing  some  resemblance  to  the  Cheirotherium  does  show  the  presence  of 
a  tail,  and  there  is  a  very  clear  track  of  a  tail  associated  with  some 
webbed  footprints  on  a  slab  at  Warwick. 

Traces  of  tlie  Litegument. 

Professor  W.  C.  Williamson  ^  recorded  and  figured  a  print  from 
Daresbury,  a  few  miles  from  Runcorn,  which  showed  the  presence  of 
small  scales  covering  the  sole  of  the  foot.  He  says  :—  *  Many  of  them  (th« 
scales)  run  across  the  foot  in  oblique  lines,  thus  leaving  no  doubt  they 

'  Described  atid  figured  in  Geology  of  Country  around  Liverpool^  Append., 
p.  300. 

^  *  Cbeirotheriam  Footprint  from  the  Bo^e  of  the  Seuper  Sandstone^  Daresbury, 
\>j  Brofessor  W.  C.  WiUJamson,  Quart.  Jonrn.  Geol.  Soc,  v61.  xyiii.  l$6l^p.  56.       , 
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represent  true  scales  and  not  irregular  tubercles  as  are  seen  on  the  skin 
of  many  batrachians.  The  scales  on  the  toes  and  anterior  part  of  the 
foot  are  smaller  than  on  the  posterior.*  Several  footprints  from  Storeton 
are  similarly,  though  not  so  distinctly,  marked,  and  Mr.  Beeby  Thompson 
has  found  an  example  ^  from  South  Staffordshire.  The  markings  very 
much  resemble  the  scales  on  the  feet  of  recent  crocodilia. 

The  Cheirotherium  footprints  show  considerable  variation,  even  in  the 
same  quarry  ;  but  it  is  generally  such  as  might  arise  from  the  age  of  the 
individual  making  the  print.  Some  prints,  for  instance,  suggest  a  large 
fleshy  foot,  with  the  nails  but  faintly  shown ;  others  are  more  slender, 
with  the  details  more  distinct.  There  are,  however,  forms  showing  more 
important  variations,  with  the  same  distinctive  fea- 
^  ^'    i'~^^^^  ^®^      tures  frequently  recurring. 

and  Manns.  ^  1.— The  most  common  form  is  that  figured  by 

Mr.  G.  H.  Morton  ^  as  representing 

CJtffirotherium  gtortonense. 
Cheirosaurus  ttarUm&mit. 

In  addition  to  the  pads  at  the  base  of  the  digits  this 
form  shows  similar  pads  on  the  digits  themselves,  pre- 
senting gently  rounded  surfaces  divided  by  slight 
constrictions  which  probably  mark  the  position  of  the 
joints  of  the  phalanges.  The  prints  of  the  digits  are 
broadest  about  the  middle  and  narrow  towards  the 
base.     (Plate  IV.) 

The  natural  cast  figured  by  Mr.  Morton  is  in  the 

British  Museum  (R.  2591),  and  measures  9  inches  in 

length.     A  slab  with  a  series  of  three  hind  feet  is  in 

the  Bootle  Museum,^  and  is  supposed  to  be  one  of 

those  referred  to  by  Mr.  Cunningham  in  his  original 

paper.    The  feet  correspond  in  size  and  form  to  those 

figured  by  Mr.  Morton.     The  distance  between  the 

print  of  the  left  foot  and  the  next  print  of  the  same 

foot  is  a  little  over  3  feet  7  inches,  and  the  distance  between  the  centre 

of  the  right  foot  and  a  line  joining  the  centres  of  the  two  prints  of  the 

left  is  less  than  3  inches. 

The  somewhat  elongated  posterior  portion  of  the  print  in  Mr.  Morton's 
specimen  is  very  possibly  caused  by  the  foot  having  moved  slightly 
forward  after  being  put  down  ;  there  is  some  indication  of  the  mud 
having  been  slightly  raised  in  front  of  the  print,  but  at  any  rate  this 
elongation  is  not  common  in  the  Storeton  prints. 

The  impressions  of  the  pads  on  the  digits  are  so  imperfectly  and 
irregularly  preserved  that,  supposing  they  coincide  with  the  phalanges, 
the  number  of  these  in  each  digit  of  the  pes  cannot  be  determined  with 
the  certainty  that  is  desirable.  So  far  as  has  at  present  been  observed 
the  formula  would  be  g'  g  *    3*3*2      ^  there  are  no  clearly  marked 

•  Described  and  a  portion  figured  in  Geol.  Mag.  for  May  1902.  *  Footprints  from 
the  Keuper  of  South  Staffordshire/  A.  S.  Woodward,  LL.D.,  F.R.S.,  &c. 

^  Geology  of  Country  around  Liverpool,  pis.  8  and  9. 

Mr.  Morton  suggested  the  specific  name  *  Stortonense '  in  a  paper  read  March  17, 
1863,  Proo.  Liverpool  Geol.  Soc,  vol.  i. 

'  Th6  fifth  di}?it  of  the  middle  print  of  this  series  has  been  chipped,  giving  a 
diiierent  form  from  that  of  the  other  two.  This  is  not  shown  in  a  drawing  made 
about  1839,  so  the  damage  is  probably  subsequent  to  that  date. 
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[Plate  IV. 


Slab  of  sandstone,  probably  from  Storeton,  with  two  series  of  footprints  of  Al  in  relief. 
Owens  College  Museum,  Manchester. 


Illustrating  the  Beport  on  the  Investigation  of  the  Faicna^ht'S^^i^i^  the 
Trias  of  the  British  Isles. 


British  Association,  ISrd  Eeporty  Southport,  1903.] 


[Plate  V. 
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Natural  Ca>^t  of  A2  from  Storeton.     British  Museum,  Natural  History.     R414. 


Illustrating  the  lie  port  on  the  Investigation  of  tlic  ^^^^/{Uik^f^^ikPj 
Trias  of  the  BritishUlcs,  ^ 
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pads  on  the  fifth  digit,  the  number  of  joints  has  been  estimated  from  its 
curvature. 

The  pads,  if  there  are  any  on  the  manus,  are  too  slightly  marked  to 
guide  us  in  making  any  formula  for  that  foot.  The  manus,  whenever  at 
all  clearly  shown,  shows  distinctly  that  it  was  pentadactylate  like  the  pes. 

The  larger  and  stouter  prints  from  Storeton  appear  practically  identical 
with  those  from  Hildburghausen,  to  which  the  name  Cheirotherium  was 
originally  given. 

A  2. — A  form  differing  somewhat  from   the  typical   Cheirotkerium 
stortonense  is  found  occasionally  at  Storeton,  but  m(»re  frequently  in  the 
Lymm  district.     The  print  is  broader  than  A  1,  and 
the  digits  are  rather  shorter  in   proportion  to  the      a  2.    ^.— Left  Pes. 
length  of  the  foot,  and  are  widest  at  the  base,  where 
their  width  slightly  exceeds  that  of  the  middle  of  the 
Cheiroikerium  stortanense.     They   taper   rapidly  to 
their  extremities,  which  show  the  presence  of  nails. 

The  sole  of  each  of  these  digits,  instead  of  present- 
ing a  gently  rounded  surface,  rises  sharply  from  each 
side  towards  the  middle  line,  forming  there  a  slight 
ridge.  There  are  no  indications  of  pads  on  the  digits, 
but  those  at  their  base  are  clearly  marked. 

The  first  and  fifth  digits  are  both  much  shorter  in 
proportion  to  the  others.  The  fifth,  whilst  projecting 
outwards  at  a  considerable  angl«,  has  not  the  curva- 
ture so  characteristic  of  CheirotJierium  stortonense, 
neither  does  it  nor  its  pad  form  so  conspicuous  a  feature. 

The  size  of  the  foot  is  generally  about  the  same  as  Cheirotliervum 
starUmsnse.     (Plate  V.) 

The  manus  in  the  few  specimens  seen  would  seem  to  be  rather 
broader  and  the  digits  rather  stouter  and  more 

divergent  than  in  Cheirotherium  stortonense ;  pos-         A  3.    ^. — Left  Pes. 
sibly  these  are  only  individual  peculiarities. 

A  3  is  represented  by  the  form  found  at  Tar- 
porley,  Cheshire,  and  described  by  Sir  P.  Grey 
Egerton  '  under  the  name  Clisirotheriuin  Hercvlis 
from  the  specimens  now  in  the  British  Museum 
(R.  295) :  in  many  respects  this  resembles  A  2  ; 
but  besides  being  much  larger — about  15  inches 
in  length — it  is  much  elongated  and  the  digits 
are  shorter  in  proportion  to  the  whole  length. 
No  impression  of  the  manus  has  been  recorded  as 
associated  with  it.     (Plate  VI.) 

The  possibility  of  the  appearance  of  the  first 
four  digits  in  A  2  and  3  being  due  to  the  condi- 
tion of  the  mud  in  which  the  prints  were  made 
and  that  such  conditions  might  be  more  frequent 
in  the  Lymm  district  or  the  horizon  in  which 
these  prints  have  been  found,  has  not  been  over- 
looked ;  but  as  the  digits  of  this  form  are  associated  with  a  much  smaller 

>  *  On  two  Casts  in  Sandstone  of  the  Impressions  of  a  gigantic  Cheirotherium  from 
the  New  Red  Sandstone  of  Cheshire,  Proe.  Geol.  Soe.,  vol.  iii.  p.  14,  and  *  Notes  on 
Type  Specimen  of  Oheiratherium  Herculi*  (Egerton),'  H.  C.  Beasley,  Proo,  Liverpool 
Geol.  Soc,  vol.  ix.  p.  81,  pi.  5,  March  12. 1901. 
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fifth  digit  it  86em5  we  are  justified  in  considering  thd  difference  as  struc- 
tural. 

The  thr^  forms  described  may  be  provisionally  grouped  under 
lettet"  A  :— 

A  1.  Clieirotherium  stortonense. 

A  2.  The  Lymm  form. 

A  3.  Cheirotherium  Herculis, 

fc.  — The  next  form  to  be  considered  is  one  that  would  Seem  at  first 
feight  tb  be  altogether  dissimilar  to  the  foregoing,  but  is  possibly  very 
intimately  connected  with   them  :    it  is  a  short 
K.    J.— Left  Pfcs.  rbund  print,  rather  broader  than  long,  and  mea- 

sures abdut  5  inches  across.  It  shows  four  toesj 
greatly  resembling  the  first  four  of  A  2,  and,  like 
them  wide  at  the  base  and  tapering  rapidly  to  a 
point  without  trace  of  pads,  Except  at  the  base, 
iind  presenting  the  longitud^inally  ridged  appear- 
ance described.  The  other  digits  are  somewhat 
(Curved  laterally,  and  a  similar  curvature  is  obser- 
vable in  the  Clieirotli^ium  Herculis, 

It  has  been  found  at  Storeton,  but  is  more 
bomfnon  in  the  Lynlm  district.  Thete  are  two  examples  from  Lymm  in 
the  Grosvenor  Museum,  Cheshire. 

This  corresponds,  in  fact,  somewhat  to  the  distal  portion  of  A  2,  the 
fifth  digit  not  having  apparently  reached  the  ground,  or  at  any  rate  not 
having  left  an  impression.  However,  as  there  is  no  sign  of  its  being  a 
merely  imperfect  print,  it  has  been  described  separately  as  K.^ 

£  1  is  a  small  form  described  and  figured  by  Mr.  G.  H.  Morton  * 
from  a  specimen  in  the  Liverpool   Free  Museum   from   Storeton.     It 
consists  of  four  stout  rapidly  tapering  digits,  slightly  diver- 
Bl.  i-— Left      gent,  and  a  fifth  short  and  broad  standing  outwards  at  a 
1*68.  considerable  angle.     The  points  of  difference  between  A  1 

-    *  and  A  2  are  greatly  accentuated,  the  breadth  of  the  digits 

JYM         being  much  greater  and  the  length  less  in  proportion  to  the 
/       h       size  of  the  print.   Mr.  Morton  has  named  this  Cheirotlierium 
^^       ^       minus.     It  is  doubtful  whether  it  is  the  same  as  the  print 
^  to  which  Sickler  gave  that  name  in  1835  ;  but  no  oppor- 

tunity has  occurred  for  comparison.  The  small  print  in  the 
British  Museum,  R.  419,  supposed  by  Lydekker^  to  represent  this,  is 
rather  obscure,  but  seems  to  differ  from  the  Liverpool  print.  The  length 
of  the  print  is  nearly  3  inches,  but  the  writer  has  one  about  half 
the  size — also  from  Storeton — in  which  the  peculiar  features  of  the  print 
are  more  strongly  marked.  This  may  possibly  point  to  the  prints  being 
made  by  an  immature  animal,  as  suggested  on  the  original  label  in  the 
Liverpool  Museum.     This  print  will  be  referred  to  as  B  1. 

B  2.  There  is  some  resemblance  between  the  form  just  described  and 
the  prints  on  a  slab  in  the  Bootle  Museum  (No.  5)  showing  a  series  of 
^ve  prints,  with  a  slightly  sinuous  furrow  following  the  middle  line,  ap- 

'  *  On  two  Footprints  from  the  Lower  Keuper  and  their  Relation  to  Cheirotherium 
Btortonenije,'  f*roq^Literpool  Geol.  Soc,  vol.  ix.  p.  238,  pi.  15. 

*  Geolofiy  of  the  Country  around  Liverpdoh  Append.,  p.  299. 

*  Cdtaio^H'  of  roiJZ  licpriuo.  in  British  Jifu^euru,  vol.  iv.  p.  217.^  t 
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[Plate  VII. 


Part  of  a  slab  of  sandstone  from  Storeton,  with  prints  in  relief  of  a  series  of  Al, 
crossed  obliquely  by  another  series  of  smaller  prints  of  L.  British  Museum, 
Natural  History.  The  whole  slab  measures  about  7  feet  G  inches  in  length  ; 
only  about  half  of  the  length  is  shown  in  the  Plate. 
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pArently  caused  by  a  tail.    This  is  almost  certainly  the  slab  described  by 

Mr.  Canningham  ^  as  having  been  found  at  Flaybrick  Hill,  Birkenhead 

(it  is  labelled  ^  Probably  Runcorn '  at  present).     There  are 

two  prints  of  the  right  foot  and  three  of  left,  6  inches  sepa-      3  2.  4.— Left 

rating  the  right  line  from  the  left ;  length  of  stride  from  Pes. 

one  print  to  the  next  of  the  same  foot  is  15  inches.     The 

prints  are  1^  inch  long,  and  are  rather  more  slender  than 

B  1  ;  both  the  first  and  fifth  digits  diverge  considerably 

from  the  others  ;  there  is  no  curvature  discernible  on  the 

fifth  ;  the  pes  appears  to  have  been  placed  upon  the  print 

of  the  manus,  obliterating  it  and  confusing  both  ;  but  one 

of  the  prints  is  fairly  clear  and  was  figured.     Other  imperfect  prints 

probably  representing  this  have  been  seen,  but  at  present  we  have  no 

knowledge  of  the  manus.     This  form  will  be  described  as  B  2.^ 

L. — One  other  form  must  be  included  in  this  group.     It  is  a  small  form 
about  4  inches  in  length,  and  resembles  Cheirotherium  in  every  respect 
except  that  it  pi*esents  only  four  digits.     Three  are  long, 
straight,  and  nearly  parallel,  the  middle  one  the  longest,    ^   \iM^^^^^ 
and  all  terminating  in  long  claws,  and  a  fifth,  somewhat      ^      *"^'' 
curved,  occupying  nearly  the  same  position  as  the  fifth  in 
A  ;  but  it  is  rather  further  back  and  slightly  nearer  the  r^ 

middle  line  of  the  foot. 

The  pads  at  the  base  of  the  digits  are  well  marked. 
The  digits  represented  are  probably  2,  3,  4,  and  5,  The 
curve  on  the  fifth  digit  is  almost  entirely  confined  to  the 
bending  of  the  last  joint.  The  most  perfect  specimen  seen 
is  from  Guyscliff,  Warwick,  now  in  the  Bootle  Museum. 
In  it  there  is  a  very  clearly  defined  margin  on  the  inner 
side  of  the  print  extending  from  the  tip  of  the  second  digit 
to  the  posterior  margin  of  the  pad,  with  no  trace  of  a 
first  digit  reaching  the  ground.  The  same  form  has  been 
found  at  Storeton  lately,  and  there  is  in  the  British  Museum  a  long  slab 
of  Cheirotherium  prints  (R.  729)  on  which  a  series  of  these  prints  cross 
the  others  obliquely.  In  these  the  prints  of  the  manus  (not  shown  on 
the  other  examples)  is  seen.  It  consists  of  three  short  stout  digits,  and 
is  three-quarters  of  an  inch  in  length  and  about  the  same  in  breadth. 
(Plate  VII.) 

This  form  has  been  described  under  the  letter  L.* 

This  print  seems  to  agree  in  some  respects  with  the  description  given 
of  Cheirotherium  minus  (Sickler)  in  Lydekker's  *  Catalogue  of  Fossil 
Reptilia  and  Amphibia  in  the  British  Museum,'  vol.  iv.  p.  217,  which  is 
apparently  taken  from  Sickler,  but  it  does  not  agree  with  that  figured  by 
Winkler  (see  ante).^ 

The  foregoing  have  all  been  seen  to  have  a  form  resembling  the 
Cheirotherium  print  and  readily  take   their  places  in  this  group ;  and 

'  Proc.  Liverpool  Lit.  and  Phil.  Soo.y  vol.  i.  (figure). 

«  In  the  Mufl^e  Teyler,  Harlem,  there  is  a  print  described  and  figured  by  Winkler 
as  Cheirotherium  minor.  M.  Sickler  (Archives,  vol.  11.  p.  430,  pi.  3,  fig.  2).  He 
suggests  it  may  be  the  print  of  a  young  animal,  but  the  figure  does  not  agree  with 
the  prints  discussed  above. 

'  Proo.  Liverpool  Oeol.  Soo.,  vol.  ix.  p.  289,  pi.  15. 

*  See  also  Buckland'*  Bridgnater  Treatise,  Ut  edit.,  vol.  i.  p.  266,  and  vol.  ii, 
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although  in  two  oases  onlj  four  digits  are  represented,  the  foot  was 
probably  pentadactylate  ;  in  the  case  of  K,  the  fifth  digit,  and  in  L  the  first 
digit  failing  to  reaoh  the  ground,  or  at  any  rate  not  leaving  any  trace  of 
it(i  having  done  so.  Whether  this  may  or  may  not  be  due  to  a  gradual 
shortening  of  the  outer  toes  and  the  development  of  a  form  with  only 
three  functional  digits  is  a  matter  worth  considering.  For  this  reason  it 
may  be  well  to  notice  here  a  form  that  can  hardly  be  conndered 
cheirotheroid,  nor  can  it  well  be  classed  in  either  of  the  other  groups.  It 
is  a  three-toed  form  found  in  the  dolomitic  conglomerate  of  Glamorgan- 
shire and  described  by  Mr.  W.  J.  Sollas  *  under  the  name  of  Brontozaum 
Thomasi,  There  are  three  impressions  of  the  left  foot  and  two  of  the 
right.  The  footprint  'shows  the  mark  of  three  toes  diverging  from  a 
posterior  heel ;  the  middle  toe  is  the  most  regularly  defined,  the  outer 
comes  next  in  regularity,  and  the  inner  last.'  '  The  outer  toe  is  confluent 
with  the  heel  ;  the  middle  and  inner  toes  are  separated  from  it  and  from 
each  other.*  The  total  length  of  the  impression  from  the  point  of  the  nail 
of  the  middle  toe  to  the  back  of  the  heel  is  10  inches  ;  the  angle  contained 
between  the  inner  and  outer  toes  is  50°,  and  the  projection  of  the  middle 
toe  beyond  a  line  joining  the  points  of  the  inner  and  outer  toes  is  3^  inches. 
The  middle  toe  shows  the  existence  of  a  nail,  which  is  not  so  clearly  shown 
on  the  others.  The  length  of  stride  is  3  feet  2  inches.  The  slab  is  now 
in  the  Cardiff  Museum.  Owing  to  the  generally  unsuitable  nature  of  the 
matrix  impressions  would  have  been  seldom  made  and  still  less  frequently 
preserved.     (Plate  VIII.) 

In  connection  with  the  subject  of  this  report  the  writer  had  occasion 
to  examine  the  footprints  of  the  following  museums  : — British  Museum, 
Natural  BKstory ;  Museum  of  the  Geological  Survey ;  Liverpool,  Free 
Museum  ;  Liverpool,  University  CoUege  Museum  ;  Bootle  (lAncashire), 
Free  Museum  ;  Manchester,  Owens  College  Museum  ;  Salford,  Peel  Park 
Museum  ;  Warrington,  Municipal  Museum  ;  Chester,  Grosvenor  Museum  ; 
Shrewsbury,  Free  Museum  ;  Warwick,  Naturalists  and  Archseologists' 
Field  Club  Museum  ;  Cambridge,  Woodwardian  Museum ;  Ludlow 
Museum  ;  and  he  has  to  thank  those  in  charge  of  these  collections  for  the 
facilities  and  assistance  afforded  him,  particularly  Dr.  A.  S.  Woodward, 
F.R.S.,  Mr.  E.  T.  Newton,  F.R.S.,  F.G.S.,  <fec.,  and  Dr.  C.  W.  Andrews 
for  advice  and  assistance. 

Unfortunately  the  time  at  the  writer's  disposal  has  not  been  sufficient 
to  enable  him  to  do  more  this  year  than  give  an  account  of  one  group  of 
footprints  ;  but  should  the  Committee  be  reappointed,  and  see  fit  to  allow 
him  to  continue  the  report,  he  hopes  to  describe  the  remaining  two  groups 
and  such  other  footprints  as  have  come  under  his  notice  in  time  for  the 
succeeding  meeting  of  the  Association. 

*  *  On  some  Three-toed  Footprints  from  the  Triassic  Conglomerate  of  8.  Wales/ 
by  Mr.  W.  J.  Sollas,  M.A.,  F.G.S..  QuaH.  Jottm.  Geol.  8oo.,  vol.  xxxv.  p.  511.  Read 
April  9,  1879. 


Digitized  by 


Google 


British  Association,  ISrd  Beport,  Southporty  1908.] 


[Plate  VIIL 


Footprints  from  the  Triassic  Conglomerate  of  Newton  Nottage, 
Glamorgan.     Cardiff  Museum. 
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Erratic  Blocks  of  the  British  Isles. — Eighth  Report  of  the  Gom/mittse 
consisting  of  Dr.  J.  E.  Mark  (Chairrmin)^  Mr.  P.  F.  Kendall 
(Setyreiary),  Professor  T.  G.  Bonney,  Mr.  C.  E.  De  Range, 
Professor  W.  J.  Sollas,  Mr.  R.  H.  Tiddeman,  Rev.  S.  N. 
Harrison,  Dr.  J.  Horne,  Mr.  F.  M.  Burton,  Mr.  J.  Lomas,  Mr. 
A.  R.  Dwerryhouse,  Mr.  J.  W.  Stather,  Mr.  W.  T.  Titker, 
and  Mr.  F.  W.  Harmer,  a/ppointed  to  investigcUs  the  Erratic  Blocks 
of  the  British  Isles  and  to  take  measures  for  their  preservation, 
{Brawn  up  hy  the  Secretary.) 

The  majority  of  the  records  received  during  the  present  year  has  been 
contributed  by  workers  in  Yorkshire,  and  it  is  satisfactory  to  note  that 
one  of  the  few  areas  in  that  county  inadequately  studied  hitherto  is  now 
receiving  attention.  The  Thirsk  Naturalists'  Club  has  organised  a  sub- 
committee acting  in  co-operation  with  the  Yorkshire  Boulder  Committee, 
and  the  first  results  of  its  investigations  in  the  Vale  of  Mowbray  are 
now  presented.  The  present  writer  visited  Thirsk  in  the  spring  of  this 
year  and  identified  many  boulders  which  will  serve  as  types  for  the 
guidance  of  the  local  workers.  The  observations  made  in  the  Vale  of 
Mowbray  may  be  said  to  close  up  the  last  gap  in  the  network  of  obser- 
vations which  now  extends  over  the  whole  of  the  great  county  of  York 
from  the  Tees  on  the  north  to  Sheffield  on  the  south,  and  from  Ingleton  on 
the  west  to  the  sea.  The  thoroughness  with  which  the  search  for  erratics 
has  been  made  is  very  gratifying,  yet  the  fact  that  fresh  types  of  erratics 
still  continue  ix)  be  recorded  shows  that  this  well -worked  field  is  far  from 
being  exhausted. 

In  the  present  report  we  record  the  recognition  by  Professor  Brogger 
of  yet  another  type  of  igneous  rock  derived  from  the  prolific  country  near 
Christiania,  and  the  visit  of  the  Yorkshire  geologists  to  the  Tweed  Valley, 
referred  to  in  the  report  presented  last  year,  has  borne  fruit  in  the 
identification  at  two  localities  in  Yorkshire  of  examples  of  the  trachytes 
so  characteristic  of  the  south-east  of  Scotland.  Other  boulders  worthy  of 
mention  are  the  small  boulder  of  Borrowdale  Ash,  found  by  Mr.  Gregory, 
near  Keighley,  at  an  altitude  of  900  feet  O.D.  This  is  an-  interesting 
confirmation  of  a  record  to  be  found  in  the  report  for  the  year  1875. 
Mr.  Hemingway  sends  some  valuable  notes  on  the  puzzling  drift-area 
about  Bamsley. 

A  welcome  contribution  to  the  knowledge  of  a  little  known  area  is 
the  report  on  boulders  in  co.  Durham  sent  by  the  Rev.  W.  J.  Wingate. 

A  series  of  records  from  East  Anglia  i  including  the  first  sent  to  this 
Committee  from  the  county  of  Norfolk)  shows  that  valuable  results  would 
repay  workers  in  the  district ;  and  it  should  be  pointed  out  that  with  the 
centralisation  of  the  brickmaking  industry  at  a  few  centres,  and  the 
general  introduction  of  road-metal  from  distant  places,  the  opportunities 
for  observation  are  being  rapidly  diminished  by  the  closure  of  brickyards 
and  gravel-pits  which  furnish  at  present  the  most  numerous  and  con- 
venient opportunities  for  the  study  of  erratics,  especially  the  smaller 
ones,  at  the  same  time  the  larger  boulders  are  being  broken  up  for 
road-mending.  It  should  here  be  again  pointed  out  that  the  smaller 
stones  are  frequently  of  greater  interest  than  large  ones.     Some  of  the 
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most  interesting  erratics  yet  recorded  in  England,  such  as  the  Norwegian 
rhomb-porphyries  and  the  Riebeckite-Eurite  of  Ailsa  Craig,  have  never 
been  found  in  large  blocks,  and  usually  are  little  more  than  pebbles. 

The  most  conspicuous  boulders  in  East  Anglia  are  the  dolerites  and 
basalts,  which  are  by  far  the  most  numerous  of  the  igneous  boulders, 
large  or  small ;  and  the  writer  is  convinced  that  the  determination  of 
their  places  of  origin  would  throw  much  light  upon  the  difficult  problems 
of  East  Anglian  glacial  geology.  Over  a  wide  area  from  the  east  coast 
of  Norfolk  to  the  Fens,  and  southward  into  Essex  and  Hertfordshire, 
boulders  of  sandstone  are  very  numerous :  some  of  these,  especially  in 
Norfolk,  are  derived  from  the  Neocomian  sandstone,  while  in  the  southern 
part  of  the  area  blocks  of  brown  sandstone  are  of  very  common  occurrence, 
which  are  for  the  most  part  of  Tertiary  age  ;  but  whether  all  are  from 
the  same  source  or  not  requires  investigation. 

The  discovery  of  rhomb-porphyry  is  not  an  absolutely  new  fact  in 
the  geology  of  Norfolk,  but  the  specimens  recorded  from  Hellesdon  and 
Wymondham  are  interesting,  as  they  are  the  most  southerly  stations 
known  for  this  rock  in  Britain. 

The  two  examples  of  Laurvikite  at  Bacton  and  Happisburgh  respec- 
tively are  the  first  records  of  this  rock  south  of  Lincolnshire.  An  endeavour 
has  been  made  to  secure  the  Bacton  specimen  for  the  Norwich  Museum. 

The  present  writer  has  long  felt  the  need  for  some  summary  present- 
ment of  the  vast  mass  of  facts  accumulated  by  this  Committee  and  its 
predecessor  during  the  last  thirty-two  years,  and  he  has  therefore 
prepared  a  synopsis  of  the  whole  of  the  reports  from  the  year  1873  down 
to  and  including  the  present  one.  The  labour  has  been  great,  but  the 
advantage  and  convenience  to  students  of  glacial  geology  will,  he  hopes, 
be  more  than  commensurate.  The  records  for  Ireland  have  not  been 
included  in  this  summary,  as  they  were  presented  in  tabular  form  in  the 
Beport  for  1902.  Next  year  it  is  contemplated  to  publish  a  second  part 
of  this  synopsis,  in  which  the  distribution  of  boulders  of  noteworthy  rocks 
will  be  analysed. 

Durham, 
Communicated  by  ilie  Rev,  W.  J.  Wingate,  of  Bishop  Auckland, 

BlackhaUs  (shore  at) — 

Granite   (probably    Dumfries),    porphyrite    (Cheviot    type),    augen^gneiss, 
gneiss,  quartz  porphyry. 

Bishop  Auckland  Cemetery  (in  boulder  clay) — 
Carboniferous  limestone. 

Barnard  Castle  (in  bed  of  R.  Tees) — 

Whin  Sill,  Carboniferous  sandstone,  andesitic  ash  (Lake  District) 

Harj^erley  (in  bed  of  R.  Wear) — 
Volcanic  breccia  (7  Lake  District). 

Piercehridge^  *  The  Greystone '  Boulder — 
Andesitic  breccia  (Lake  District). 

Oxenlow — 

Andesitc  (I^ake  District) 
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Lindisfame — 

Andefiitic  ash  (Lake  District). 

Westmoreland. 

Reported  by  Mr.  Perc?  F.  Kendall. 

Brackeriber  MooVy  Hilton-^ 
Shap  granite. 

Milbum,  E,  of  Howgill  Castle — 

Whin  Sill,  Carboniferous  limestone  and  sandstone. 

Journey  Hilly  near  Milhnm — 
Whin  Sill,  Carboniferous  sandstone, 

ffazelrig,  near  Gamblesby-^ 

Carboniferous  basement  conglomerate,  granite  (Galloway),  red  lamprophyre 
resembling  that  of  Knock  Pike,  Shap  granite,  Dalbeattie  granite,  Whin 
Sill. 

Torkshiee. 

Communicated  by  the  Yorkshire  Boulder  Committee, 

Reported  by  Mr.  W.  Chadwick. 

ThirJde  Bridge^  Uoldemess — 

Dolerite,  36  inches  by  31  inches  by  32  inches.  Situated  \  mile  south  of  the 
bridge. 

Reported  by  Mr.  W.  H.  Crofts. 
Hornsea — 

Millstone  grit. 

Reported  by  Mr.  P.  F.  Kendall,  F,G.S. 
Burstwick — 

Trachyte  similar  to  that  of  Eildon  Hills,  Melrose;  dolerite  similar  to  those 
of  Black  Hills,  near  Karlstown  ;  quartz  porphyry. 

Bridlington  (from  beach) — 
Trachyte,  south  of  Scotland, 

Reported  by  Mr.  G.  W.  B.  Macturk. 
Litde  Weighton — 

In  chalky  dry  valley  deposit  near  Dannatt's  chalk  quarry,  containing  pebbles 
of  basalt,  quartzite,  and  sandstone. 

Newbald, — On  roadside  between  Bushey  Hill  and  Little  Wood  Planta- 
tion,  about  2^  miles  east  of  Newbald,  372  feet  above  CD. 

Dolerite,  54  inches  by  36  inches  by  24  inches.  Probably  removed  from  an 
adjacent  field. 

Reported  by  Mr.  Thos.  Shbppard,  F.G,S, 

Brought — The  boulder  of  augite-syenite  recorded  from  Mill  Hill  gravel 
pit  in  the  1899  Report  has  been  transferred  to  the  Hull  Museum.     , 
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Kelsey  HiU^ 

Carboniferons  limestone,  67  inches  by  41  inehes  bj  29  inches.  Found 
dnring  excavation  of  gravel  16  feet  below  the  surface.  Now  at  Hull 
Maseum. 

Aldbrough  (ffoldemess) — 

A  large  mammoth  tooth  weighing  11  lb. 

Sand'le-Afere — 

Small  mammoth  tooth  found  on  beach. 

Beported  by  Ur.  J,  W.  Stathkr,  F.G,S. 
Hornsea — 

Small  boulder  of  keuper  marl  with  pseudomorphs  of  salt  crystals. 

Beported  by  Mr.  F.  F.  Walton,  F.0,S. 

Hornsea — 

Coarse  red  granite,  42  in.  by  30  in.  by  24  in. 
Augen-gneiss,  24  in.  by  24  in«  by  20  in. 

Dalbeattie  granite,  12  in.  by    6  in.  by   6  in. 

Beported  by  Mewra.  H.  B.  Muff,  B,A.y  F.G.S.,  and  Percy 
F.  KENDAL^  F.G.S. 

Stonegaie,  Eskdode. — In  railway  cutting  above  Ston^ate — 
Syenitic  dyke-rock. 

Professor  W.  C.  Brogger,  of  Christiania,  has  seen  this  specimen,  and 
writes : — '  This  rock  is  witiiout  doubt  origin&Uy  transported  from  the 
Christiania  region.  It  is  a  syenitic  dyke- rock,  consisting  of  micro- perthite 
and  katophoric  hornblende,  with  traces  of  riebeckite,  further  with 
titanite,  magnetite,  <&c.  Such  dyke- rocks  occur  as  well  in  the  Longen 
Valley  as  north  from  Christiania  accompanying  pulaskites  and  nord- 
markites.' 

Beported  by  Mr.  H.  Brantwood  Muff,  B,A.,  F,G.S, 

Linton,  Wha/rfedale — 

Silurian  slate.  At  the  S.  end  of  the  railway  catting,  one- third  of  a  mile 
W.S.W.  of  Linton,  four  large  boulders  of  cleaved  greenish  Silurian  slate  in 
boulder  clay.  The  largest  boolder  is  nearly  8  ft.  long ;  another  is  striated 
from  N.W.  to  S.E. 

Beported  by  Mr.  K  Hawkeswokth. 
Flaxby,  S.  of  Boi*oughbridge,  in  Moraine-ridge — 
Whin  sill 

Wykeham — 
Whin  sill. 

Brompton,  near  Jforthallerton — 
Andesite  (Borrowdale  series). 

WighiU^  near  Tadcaster — 
Wtiinsttl, 
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Reported  by  the  Thirak  NcUuralists*  Club,  per  Mr.  J.  E.  Hall,  Secretary, 

Thirsk, — In  gravel  pit — 

Gabbro  (Carrock  Fell),  porpbvrite  (CbeTiot  type),  Sbap  granite,  oolite  (not 
local;,  Oarbonif eroof  conglomerate  (Roman  Fell  type),  granite. 

Upeal,  Wool  Moor,  725  feet  O.D.-~ 
Dolerite,  millstone  grit,  black  limestone. 

Upeal,  Hag's  UiU,  226  feet  CD.— 

Gabbro  (Carrock  Fell). 
Granite  (?  Cheviot). 

A,  Very  frequent  throughout  district. 

Carboniferous  limestone,  black  and  encrinital. 

Ganister. 

Chert. 

Millstone  gtit. 

Dolerite. 

B,  Fairly  frequent  throughout  district. 

Andesitio  brecoia. 
Cleaved  andesitio  breccia. 

„  „        ash. 

„  „  „    with  epidote. 

„  „         rhyolitic  breccia. 

„         agglomerates. 

„  „         purple  breccia. 

Sbap  granite. 
Vein  quarts. 

C,  Occasional. 

Cheviot  porphjrite. 
Carboniferous  conglomerate. 
Volcanic  tuff  (7  Cheviot). 
Gabbro  (7  C^arrook  Fell). 

Rrmabks. — Dividing  our  district  into  three  longitudinal  strips, 
roughly,  Codbeck  (central),  Swale  (western),  edge  of  Hambletons  (eastern), 
we  find  Class  A  pretty  evenly  distributed. 

Class  B  very  frequent  in  the  central  district  and  only  occasional  in 
the  E.  and  W. 

Class  C,  so  far  as  our  research  goes,  are  almost  entirely  confined  to  the 
central  district. 

Gravel  Pits,  Thirsk— 

Cheviot  porphyrite,  8. 
Carboniferous  conglomerate,  4. 
Sbap  granite,  at  least,  SO. 

Gravel  Pit  at  PickhiU— 
Carboniferous  conglomerate,  I. 

Shap  granite  also  found  at  Bichmond,  Swaledale,  and  Wemmergill, 
Lunedale, 
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Bonlders  reaoh  their  highest  limit  at  about  700  feet — 

725  on  Wool  Moor,  above  Upsal, 
675  on  Hood  Hill,  near  Kilburn— 

and  consist  of  dolerite,  miUstone  grit,  and  black  limestope. 

Norfolk, 
Reported  by  F.  W.  Harmbr,  F.G.S.^  and  P.  F.  Kendall,  F-G,S, 

J?a<?ton,— On  beach-" 

lUiomb-porphyrj,  jasper  (S.  Scotland),  opposite  Post  Office, 

9  dolerite,  1  iridescent  Laurvikite  well  striated,  about  3  ft.  long, 

ffelleadon, — ^Mr,  Cunnall's  briokyard.     Out  of  chalky  boulder  clay — 
Bhom  b^porphyry . 

Cotton, — Mr.  Cunnall'g  garden,  but  removed  from  brickyard — 

Many  large  bonlders,  including  several  of  basalt,  1  quartz  porphyry. 

1  Shap  granite  (now  in  Norwich  Museum). 

Happiahurgh. — By  stables  of  house  called  *  The  Chimneys  '— 
Coarse  Laurvikite  about  3  ft.  long. 

FbZooW.-^Outside  Post  Office- 
Many  large  boulders  of  dolerite,  for  the  most  part  little  worn, 

Pakefield. — Out  of  chalky  boulder  clay  at  brickyard — 

Grey  and  black  flints,  hard  chalk,  septaria  and  fossils  from  Kimmeridge  day, 
Oryphaa  inovrra,  fossiliferous  Spilsby  sandstone,  porphyrite  (Cheviot 
type),  dolerite. 

Corton, — In  brick-earth — 

Flints,  dolerite,  qnartzite  pebbles  (?  from  Trias),  shell  fragments. 

Fomoett—Yrom  chalky  boulder  clay  in  railway  cutting — 

Grey  and  black  flints,  grey  paramoudra  with  hard  chalk  adherent,  hard 
chalk,  septaria  shale  and  fossils  from  Kimmeridge  clay,  dolerite,  horn* 
blende  schist,  Spilsby  sandstone,  Bed  chalk  with  Bel.  minirnvt,  h.  Lias 
with  Qryphaa  incurva. 

Oolitic  limestone.  Carboniferous  sandstone,  quartzite  pebbles  (7  Trias). 

Scole. — Brickyard  J  E.  of  church — 
Dolerite  16  in.  long. 

Tharston.— Chalk  pit— 

2  large  blocks  3  ft.  or  more  in  length  of  coarse  dark  red  sandstone,  with 

millet-seed  grains,  and  containing  subangular  pebbles  of  flint.    The  rook 
closely  resembles  a  sandstone  in  the  Forest  Bed  series  at  Gudram's  Gap, 
Bacton ;  but  Mr.  Harmer  points  out  that  many  of  the  Upper  Tertiary 
sands  form  a  similar  rock  when  consolidated. 
1  Spilsby  sandstone  with  fossils. 

Stanfield  Hall. — Ballast  pit  beside  railway — 
Ganister  sandstone  with  rootlets,  millstone  grit. 
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WymondJi^am, — Gravel  pit  in  Cannonshot  gravels.  These  gravels  are 
mainly  composed  of  flint,  but  there  is  a  small  percentage  of  other  rocks, 
including  hard  sandstones,  grits,  and  dolerites.  Two  specimens  of  Rhomb- 
porphyry. 

East  i>«re7*a?n.— Station  brickworks.     In  chalky  boulder  clay— 

Chalk  (hard  and  soft),  flints,  both  black  and  grey,  sandstone,  quartzite,  iron- 
stone (rather  sandy),  dolerite,  granitoid  rock  resembling  that  of  Ercal 
(Wrekin),  porphyrite,  jasper,  grey wacke  sandstone,  2  ft.  by  1  ft.  by  1  ft. 
well  striated.    (This  has  been  removed  to  the  Norwich  Museum.) 

In  Crown  Point  brickyard- 
Cubic  block  of  Neooomian  sandstone  with  pebbles  1  ft.  4  in^  cube,  sandstone, 
dolerite. 

At  Mr.  Home's  cottages- 
Block  of  grey  wacke  sandstone  16  In*  cube. 

very  ferruginous  sandstone  (Tertiary),  with  pebbles  of  quartz,  flint 
and  clay  ironstone. 

^u;a/Aawi.— Railway  station.    In  chalky  boulder  clay— 
Septarlan  with  ammonite  ({Jrobably  Kimmeridge). 

Broome  Ford^  Ditchington — 

Kimmeridge  shale  in  boulder  clay. 
Beding1uim.--Yit  opposite  church.     In  chalky  boulder  clay—* 

Hard  and  soft  chalk,  Kimmeridge  shale,  dolerite. 

HempnalL—By  butcher's  shop- 
Dark  green  sandstone  with  fossil?,  including  an  ammonite  (?  Neocomian), 
3  ft.  by  3  ft.  by  1  ft. 

Borland  HalL—Yit  at  corner  of  road  (^  mile  W.  of)— 

Kimmeridge  shale  with  fossils. 
Fossiliferous  Spilsby  sandstone. 

Digs. — In  chalky  boulder  clay— 
Neocomion  sandstone. 

Suffolk. 

Reported  hy  Messrs.  F.  W.  Harmeb,  F.G,S.,  and 
Percy  F.  Kendall,  F,G.S. 

1/oajne.— Brickworks.    In  chalky  boulder  clay- 
Hard  chalk,  Kimmeridge  shale  with  PerisphinoUs  biplexj  Keocomian  bands! one. 
Oolitic  limestone. 

Needham  ifarAef.— QuintoH's  brickyard— 

Neooomian  sandstone,  2  ft.  6  in.  long,  out  of  chalky  boulder  clay. 

Sudhury. — Ballingdon   Brickyard*     In  dark  brown   chalky  Boulder 
aay— 

Many  fragmeots  of  Kimmeudge  Bbale  ai.d  taptaria.    ^_^_^^^^^  ^^  GoOglc 
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Wattisfield. — By  roadside — 

Hard  sandstone,  dolerite,  Neooomian  sandstone,  limestone  (7  Carboniferous), 
quartz  pebbles  (probably  from  Trias). 

ESSBX. 

Reported  by  Messrs.  F.  W.  Harmer,  F.G,S,,  and 
Percy  F.  Kendall,  F.G.S. 

BrairUree — 

Many  boulders  of  ferruginous  sandstone  (probably  Tertiary)  and  Hertford* 
shire  pudding  stone. 

TaMey  Street,— At  Old  Mill  Inn- 
Massive  brown  sandstone  (probably  Tertiary),  3  bonlden  3  ft.  by  2  ft.  by 

1  ft.  9  in.,  1  ft.  6  in.  by  1  ft  by  1  ft.,  2  ft.  by  1  ft.  6  in.  by  1  ft.  6  in. 
Sohist  2  ft.  by  1  ft.  6  in.  by  8  in.  visible. 
Other  smaller  boulders  of  the  sandstone  also  observed. 

Stan8tead.—Bj  Old  Bell  Inn- 
Large  concretionary  masses  of  dark  brown  sanc^itone  (Tertiary). 

StansteacL — Through  the  village — 

Many  boulders  of  Tertiary  sandstone,  some  inclosing  flint  pebbles. 

N'eivport. — The  great  boulder  recorded  in  the  1884  Report  appears 
to  consist  of  Tertiary  sandstone,  not  of  Millstone  Grit,  as  there  stated. 

Hertfordshirb. 

Reported  by  Messrs.  F.  W.  Harmer,  F.G,S.,  and 
Percy  F.  Kendall,  F.G.S, 

Bishops  Stortford. — In  brickyard  near  Isolation  Hospital — 

Fossillferous  Neocomian  sandstone  with  pebbles  at  gate  of  Isolation  Hospital. 
Brown  compact  lustrous  sandstone  passing  on  one  side  into  HertfordsUre 
puddingstone,  2  ft.  by  1  ft.  by  1  ft. 

Excavation  for  new  houses,  Elm  Grove.     In  chalky  boulder  clay — 

Hard  chalk,  grey  and  black  flints,  green-coated  flints  (Eocene),  Oryphtta 
incitrvat  G.  dUatatay  Ostrea  deltoidea^  Kimmendgtsha}e,  dolerite,  oolitic 
limestone. 


APPENDIX. 
(Drawn  up  by  the  Secretary.) 

Summary  of  records  from  England,  Wales,  the  Isle  of  Man,  and 
Scotland  contained  in  the  reports  from  the  year  1873  to  1903  inchinve. 
A  summary  of  Irish  records  is  embodied  in  the  Report  fon  lSQ2..0|p 
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A.  or  And. 
Agg. 
Aid. 
Aien. 
Annb. 
Ba.  . 

B.  (And.) 
Brec. 
Broc. 
Batt. 
GaiT. 
Cham. 
Chev. 

a.  . 

CM. 

Cong. 

Criff. 

Dalb. 

Diab. 

Dior. 

Dol. 

Bl.    . 

Ssk. 

F.     . 

Fels. 

OaU. 

Gn.  . 

Greens. 

H.     . 


List  of  Abbreviations. 


Andesite. 

Agglomerate. 

Anlwick. 

Arenig. 

Armboth. 

Basalt. 

Borrowdale. 

Breccia. 

Brockram. 

Battermere. 

Oarrock. 

Chamwood. 

Cheviot. 

Cleveland. 

Coal  Measures. 

Conglomerate. 

Criffel. 

Dalbeattie. 

Diabase. 

Diorite. 

Dolerite. 

Blaaolite. 

Eskdale  Granite. 

FUnt. 

Felstone. 

Galloway  Granite. 

Gneiss. 

Greenstone. 

Hornblende. 


Haem. 

Irons. 

Kim. 

L.  or  Limes. 

L.  (prefix) 
L.  D. 

Lamp. 
Laur. 

M.    . 

Markf.     . 

M.G.        . 

P.     . 

Pal. 

Perm. 

Porph.  (suffix) 
P.  8. 

Rh.  P.      . 

Rhy. 

S.  or  Sands. 

Sch. 

Sil.  .        .        . 

Sils. 

Syen. 
Swed.      . 

Threl.      . 

Tr.   . 

Yored.      . 

Yew. 

Haematite. 

Ironstone. 

Kimmeridge. 

Limestone. 

Lower. 

Lake  District. 

Lamprophyre. 

Laurvikite. 

Mica. 

Markfield. 

Millstone  Grit. 

Pdrphyrite. 

Palaeozoic. 

Permian. 

Porphyry. 

Pudding  Stone. 

Rhomb.  Porphyry. 

Rhyolite. 

Sandstone. 

Schist. 

Silurian. 

Siliceous. 

Syenite. 

Swedish.  * 

Threlkeld. 

Trias. 

Yoredale. 

Yewdale  Breccia. 


1.  Frondwl 

»» 

2.  Llanerchymedd 

3.  Perth  Noble  . 

4.  Tycroes. 


1.  Ballantrae 

2.  Girvan  . 

3.  WestEUhridc 


Anglbsea. 

1881.  Picrite. 

1885.  Identifies  local  origin  of  Picrite. 

1 881.  Horn.  Diab.  (?  Local). 

1881.  Picrite. 

1885.  Identifies  local  origin  of  Picrite. 

1881.  Picrite. 

1885.  Identifies  local  origin  of  Picrite. 

Ayrshire. 

1901.    Ailsa. 

1901.    Nod.  Dol..  Ailsa. 

1901.    Nod.  Dol. 


1.  MoelTiyfaen 


1.  Adswood 

2.  Alderley 


3.  Arden  Mills,  Woodley  . 

4.  Bamston  and  Pensby 

5.  Birkenhead   . 


Carnarvonshire. 
.     1881.    Flint. 

Cheshire. 

.     1891.    Gran. 

.     1893.    L.D.A.,  CM.  Sands.,  Quartzite,  Gall.,  Esk  , 

Butt. 
.     1895.     L.D.A.,  Esk. 
.     1891.     L.D.  And.,  Esk. 
.     1893.     L.D.A.,  Yew.  Brec,  Sil.  Grit,  Diab.,  Sands., 

Gall.,  Esk. 
.     1879.     Striae. 
.     1897.     Serpentine. 

leOO.     Diab.  h  i 
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6.  Bramall       .        .        .        .1891. 

7.  Bredbary     ....  1891. 

8.  Brimstage   ....  1892. 

9.  Cheadlc       ....  1891. 

10.  Chester        ....  1893. 

11.  Clatterbridge               .        .  1892. 

12.  Dawpool      ....  1877. 

13.  Dee  Estuary,  Barton  Bosks,  1893. 

Dear  Klrby. 


Esk.,  Rhy.  Brec,  ?  Batt.,  Grad. 

Esk. 

GaU.,  L.D.A.  Agg.,  Limes.,  Sil,  Grit. 

L.D.  And. 

t>iab.  rare. 

Fels.  L.D.A.,  SU.  Grit. 

Homb.  Feist.,  CriflE.,  L.D.  Grit,  Butt.  L.D. 

Vole. 
L.D.A.    Brec.    and  Ash,  Criflf.,   Sil.   Grit, 

Ba.,  Esk.,  Butt.,  Criff.,  Dalb..  Dior.,  Diab. 

(?  Scott.),  Carb.  Sands.,  M.G.,  Quartzite, 

Fels.,  Trias. 


14.  Delamere  Forest . 

1893. 

Diab.  rare. 

„              .        .        . 

1900. 

L.D.A,  Esk.,  Ailsa  Craig,  Criff.,  Flint. 

16.  Disley 

1899. 

Esk. 

16.  Dakinaeld  to  Lyne  Edge    . 

1888. 

Fels.,  Gran.,  And.,  And.  Ash,  Microgran., 

Esk. 
GaU.,  L.D.A.                        ^ 
Lias.                               '  jm 

17.  GoTt  Hall,  Stockport  . 

18.  Gollden       Button,       near 

Chester. 

1892. 

1878. 

19.  Hatherlow  .        .        .        . 

1891. 

L.D.A.,  GaU..  Gran. 

20.  Hassel  Grove 

1891. 

L.D.  And. 

21.  Hilbre 

1892. 

L.D.  Agg.  and  Ash.,  Diab. 

22.  Hyde 

1891. 

L.D.    And.    Agg.     Rhy.,    Quartz   Porph., 
?  Perm.  L..  CM.  Sands.,  Ardwick  Limes., 
Esk.,  Butt.,  GaU.,  ?  SU.  Grit. 

23.  Knatsford   .        .        .        . 

1891. 

Gran.,  ?  GaU. 

»»           .        »        •        . 

1895. 

Esk..  Butt..  GaU.,  L.D.A. 

24.  Leasowe  Castle   . 

1875. 

Greenstone  Dior.  w.  Isorine,  Syen.,  Ash. 

25.  Little  Grange      . 

1892. 

Gran.,  Sil.  Grit. 

26.  Little  Storeton    . 

1892. 

Yew.  Brcc,  GaU.,  Sil.  Grit,  Dior.,  L.D.A. 

27.  Lyne  Edge  to  Harrop  Edge 

1888. 

And.  Ash.,  Rhy.  Brec,  Esk.,  Vein. 

28.  Lyme  Park .        .        .        . 

1893. 

Gran.,  L.D.A. 

20.  Macclesfield 

1891. 

Gran. 

„                  .        •        . 

1895. 

L.D.A. 

30.  Macclesfield  District  . 

1893. 

Butt.,  Esk.,  L.D.V.,  Ba..  Gall.,  Gran.,  Grit. 

81.  Marple         .        .        .        . 

1891. 

Gran.,  L.D.A.  Brec,  ?  Esk.,  1  Gall. 

«»             *        *        *       •* 

1892. 

L.D.A. 

32.  Mottram      .        .        .       '. 

1891. 

L.D.A. 

33.  Norbury       .        .        .        . 

189L 

Gran.,  And. 

34.  Norbury  Moor     . 

1891. 

L.D.  And.,  Butt. 

3d.  Northen  Etchells 

1891. 

L.D.  And.  and  Rhy.  Scott.,  Flint,  Ebk.,  Gall., 
Ba..  Butt.,  Fels. 

86.  Offerton       .        .        .        . 

1891. 

Esk.,    GaU,    L.D.A.    Brec.,    Rhy.,  Gran., 
?  CM.  Sands.,  Butt. 

87.  Overton,  Taxal    . 

1890. 

Butt. 

38.  Baby  to  Willaston 

1896. 

Gall.,  SU.  Grit,  Diab.,  L.D.A.,  Butt..  Stri». 

39.  Rock  Ferry . 

1896. 

Striae. 

40.  Setter  Dog,  Macclesfield 

1891. 

Butt..  Dalb.?,  Criff.,  Porph.  GaU.,  Quartzite. 
L.D.  And.  Rhy.  Agg. 

41.  Spitol 

1892. 

Fels.,  sn.  Grit,  L.D.A.  and  Ash.,  GaU.,  Butt , 
Carb.  Sands. 

42.  Stockport    . 

.     1891. 

Esk..  L.D.  And.  Brec. 

43.  Storeton      . 

.     1892. 

L.D.A.,  Dior.,  SU.  Grit,  GaU. 

44.  Styal 

1891. 

Esk. 

45.  Taxal  .... 

1890. 

Bskdale,  Butt.,  L.D.  And.,  GaU.,  Quartzite, 
GalL  Gran.,  Trias. 

46.  Thornton 

.     1892. 

Gran.,  L.D.A.  and  Agg.,  Diab..  SU.  Grit. 

47.  Thornton  Hough 

.     1892. 

Gran.,  L.D.A.  and  Agg.,   Criff.,  Dalb.,  SU. 

Grit. 
Esk.,  Butt..  L.D.  And.  Rhy.,  Porph.  Agg., 

48.  Wemeth  Low      . 

.    1890. 

SU.  Grit,  CM.  Sands.„Quartzite,  Trias. 

49.  West  Kirby 

.     1892. 

Ba..  Grail.,  L.D.A.  Agg. 

dO.  West  Kirby  to  pArk  Gate 

.    1879. 

Greenstone,  Scott.  Gran.r  Vipr*  ^ ,  ^ 
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51.  Wilmslow 

52.  Wirral 

53.  Woodley 


1.  Maryport 

2.  Skiddaw       . 


1891.    L.D.A.,  Esk. 
1876.     Aren. 
1879.    Greenstone. 

1891.  L.D.A.  Rhy.  and  Brec..  Esk..  Gall., 

?  CM.  Sands.,  ?  Carb.  L. 

1892.  L.D.,  Scott.,  Ard.  Limes. 

Butt,. 

Cumberland. 

3.  VThitehaven,  CJoast  N.  of 


1.  Cefn  Cave    . 

2.  Kryrys. 

3.  Glyn  Ceiriog 

4.  Llanrwst  Gorphwysfa 

5.  Minera 

6.  Ruabon 

7.  Trevor 

8.  Wrexham 


1.  Broadhurat  Edge . 

2.  Bugsworth  . 

3.  Buxton 

4.  Chapel-en-le-Frith 
6.  Doveboles    . 

6.  Bayfield 

7.  Little  Hayfield 

8.  Milleradale  . 


1.  Ashburton    . 

2.  Barnstaple  Bay    . 

3.  Berry  Head. 

4.  Bickington  . 

5.  Bishop's  Teignton 

6.  Cleve   . 

7.  Churston 

8.  Diptford      . 

9.  Sngleboume 

10.  Harberton   . 

11.  Kingston 

12.  Maristowe    . 

13.  Rivalton 

14.  Santon 

15.  Start  Point  to  Prawle 

16.  Tamerton  Foliot . 

17.  Waddeton    . 


1.  Barnard  Castle 

2.  Blackballs    . 

1903i 


1881.    Gran.,  Trias. 

1901.     8tri». 

1879.    Criff.,  Greenstone. 

Denbighshire. 

1876.  Aren. 

1876.  Aren. 

1876.  Aren. 

1874.  Sils.  Congl.,  Felspc.  Stone. 
1881.  Flint,  Esk.,  Aren. 

1876.    Aren. 

1876.  Striae. 

1878.  White  sil.  Rock  (?  Jur.). 

1877.  Esk..  Trias. 

Derbyshire. 

1901.     L.D.  And..  Rhy..  Porph.  Fels..  Butt,  M.G.. 

Grit,  Trias. 
1891.     L.D.A.   and   Rhy.  Agg..  Criff..  M.G.,  CM. 

Sands..   Vein  Quartz.  Butt.,  Esk.,  Gall.. 

Flint,  Trias.  Carb.  L.  Chert  and  Sands. 
1896.     L.D.  And.  and  Ash.  Butt.,  Chert.  Ganiaier, 

Toadstone. 
1893.     L.D.A.,  Gran.,  Vein  Quartz. 
1893.     L.D.A..  ?  Gran..  Flint. 
1893.     L.D.A..  Agg.,  Butt.,  Esk. 

1891.  Butt.,  Esk. 

1892.  Butt. 

1893.  L.D.A. 

Devonshire. 

1877.     Greenstone. 

1873.  Gran. 

1875.  New  Reds. 

1879.  Gran. 

1874.  Travelled  Boulders. 

1880.  Quartzite. 

1875.  New  Reds. 

1880.  Quartzite,  Greenstone. 

1875.  *  Trap.* 
1877.  Not  erratics. 
1 880.  Greenstone. 
1880.  Quartz. 

1876.  Felsite. 
1873. 

1880.     Schorlaceous  Gran. 

1880.     Quartzite. 

1875.    New  Red  Sand..  Dol.  Limes. 

Durham  Co. 

Whin  Sill,  Carb.  Sands..  L.D.  And.  Asfl. 


1903. 
1903. 


Gran.  (?  Dumfries),  Porph.  (Chev.),  Augen* 
Gneiss.  Gneiss,  Quartz  Pofphyry,  Gran* 
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3.  Beda  Hills   . 

.     1895. 

Carb.  L.  S.  and  Irons.,  L.D.  And.  and  Ash, 
Gran.,  Quartz  Porphyry  (7  Armb.). 

4.  Bishop  Auckland 

.     1897. 

Shap. 

«t               • 

.     1903. 

Carb.  L. 

6.  Darlington  .        .      "  . 

.     1887. 

Shap. 

6.  Durham  City 

.     1895. 

L.D.A.,  Gran.  (?  Scott.). 

7.  Etherley      . 

.     1897. 

Shap  brought  from  Tees. 

8.  Harperley    . 

.     1903. 

Vole.  Brec.  (?  L.D.). 

9.  Harton 

.     1889. 

Ba. 

10.  Kip  Hill       . 

.     1895. 

Carb.  L.  and  S.,  L.D.A.  and  Porph. 

11.  Lindisfarue. 

.     1903. 

And.  Ash  (L.D.). 

12.  Low  Coniscliflfe  . 

.     1887. 

Shap. 

13.  Oxenlow 

.     1903. 

And.  (L.D.). 

14.  Piercebridge 

.     1887. 

Shap. 

It                   •        • 

.     1903. 

And.,  Brec.  (L.D.). 

15.  Sadberge     . 

.     1887. 

Carb.  Limes. 

IG.  Seaham  Harbour 

.     1888. 

Carb.  Limes. 

Essex. 

1.  Bamston 

.     1888. 

Carb.  L..  M.  Sch.,  Syen. 

2.  Booking  Place 

.     1888. 

Gneiss. 

8.  Braintree    . 

.     1888. 

Gneiss,  Carb.  L. 

*f            ... 

.     1903. 

Ter.  Sands.,  H.P.L. 

4.  Causeway  End    . 

.     1888. 

Sands.,  01.  Dol. 

6.  Felatead      . 

.     1888. 

Sands..  Dol.,  Porphyrite,  Hypersthene  Dol. 

(General)      . 

.     1888. 

Quartzite,  Mica  Schist,  Quartz  Porph.,  SiUci- 
fied  Wood,  M.G.  with  Shells. 

6.  French  Green 

.     1888. 

Sands,  Flint.  Porph.,  01.,  Ba.  Dol..  Carb.  L.. 
Jur.  L. 

7.  Great  Baling 

.     1888. 

Dolerite,  01.  Dol. 

8.  Great  Leighs 

.     1888. 

Herts  P.S.  Sands. 

0.  Great  Waltham,  North 

End.     1888. 

Sands.,  Herts  P.S.  Porph. 

10.  Great  Waltham,  Ford  ] 

End .     1888. 

Rands.,  Carb.  L.,  Flint,  Dol. 

11.  Little  Dunmow   . 

.     1888. 

01.  Dol,  Sands.,  Flint.  Sven.,  Carb.  L.,8pher. 
Felsite,  Clunch  (?  Oxf.  Clay).  Quartz 
Tourm.  Rock. 

12.  Little  Saling 

.     1888. 

Calc.  Sands.,  Sands,  with  Bel.  (?  Kell.),  01.  Dol. 

18.  Little  Easton 

.     1888. 

Sands.,  Limes.  (?  Oxf.),  Herts  P.S. 

14.  Little  Leighs 

.     1888. 

Dol.  Fels.  Porp.  Sands. 

16.  Littley  Green 

.     1888. 

Carb.  L. 

16   Littley  Park 

.     1888. 

Sands. 

17.  Mill  House  . 

.     1888. 

Sands. 

18.  Newport 

.     18S4  and  1903.    Ter.  Sands.    (Not  M.G.  as  in  1884 

Report). 

19.  Pond  Park  . 

.     1888. 

Sands.  (Neoc.),  Septaria,  Flint,  Herts  P.S., 

Dol. 
Sands.  Quartz-rock. 

20.  Potash  Farm 

.     1888. 

21.  Snows  Lane 

.    1888. 

01.  Dol. 

22.  Stanstead    . 

.     1903. 

Ter.  Sands. 

23.  Stebbing      . 

.     1888. 

Sands.,  Dol.,  01.  Dol.,  Quartz,  Quartzite, 
Fels.,  Carb.  L.,  Porph. 

24.  Takeley  Street    . 

.     1903. 

Ter.  Sands.,  Schist. 

25.  Woolpits  Farm    . 

.     1888. 

Dol. 

26.  Whelpstones  Farm 

.    1888. 

Sands. 

Flintshire. 

1.  Bach-y-Graig 

.     1893. 

Butt,  Gall.,  Welsh  Rocks. 

2.  Caergwrle    . 

.     1876. 

Aren. 

3.  QreenbAch   . 

.     1893. 

Butt.,  Gall.,  Aren.  Fels. 

4.  Halkin  Mountain 

.     1876. 

Aren. 

G.  Holywell      *        .        » 

.     1»76» 

Areni 
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6.  Marion  Mills       . 

7.  Meliden       . 

.  1893. 
.     1893. 

8.  Mold    .        .        . 

9.  Pandy  . 

,  1876. 
.    1893. 

10.  Tremeirchion 

It                  t 

.  1892. 
.     1893. 

Carb.  L. 

L.D.A.  and  Ash,  OaU.,  Sil.  Grit  (Bcott.), 

Porph.    (?Chev.),    Grit     (Wel«h),    Bby. 

(Welsh),  Sands.,  Esk.,  Slates. 
Aren. 
Esk.,  Batt.,  Gall.,  Allsa,  ?Mynydd  Mawr, 

Carb.  L. 
Allsa  Craig. 
Grits  (Welsh).  Aren.  Fell.,  Carb.  L.  and  8., 

H.G.,  Slate,  Qaartzite,  Trias,  Gall.,  L.D.V, 


1.  Donbar 


Haddingtonshibb. 
1902.    Zirc.  Syen.,  I^aurv.  (Ballast), 


Hertfordshire. 


1.  Am  well 
3.  Ashwell 


3.  Bayford 

4.  Bishop^s  Stortford 


5.  Brickendon  Green 

6.  Bygrave 

7.  Essendonbnry 

8.  Goose  Green 

9.  Hertford 
10.  Hitcben 


11.  Hoddesdon . 

12.  Kelshall       . 

13.  Mangrove  Lane 

14.  Royston 

15.  Tolmer's  Charch 

16.  Ware   . 


1885. 
1871. 


1877. 
1885. 
1903. 


1886. 
1883. 
1885. 
1885. 
1885. 
1883. 


1885. 
1883. 
1885. 
1877. 
1885. 
1886. 


17.  Westmill(nearBantingford)    1875. 


Rand. 

Sands.,  Sands.  Neoc,  Carb.  L.,  Ba.,  Gneiss» 

Sands. (Ool.). Chalk  Marl,  Porph.  (?Chev.), 

Gran.  c.f.  CrifP.,  M.G.,  8.  (7  Carb.),  ?  Sept. 

Kim.  or  Oxf.,  Lr.,  lias,  L.  Ool. 
Sands. 
Herts  P.S. 
Chalk  (hard),  Flint,  Green  Flints  (Eoc.), 

Lias,  Kim.  Clay,  Dol.,  Ool.,  Sands.,  Necc. 

Sands.,  H.P.S. 
Herts  P.S.,  Sands. 
Sands. 
Sands. 
Sands. 
Herts  P.S. 
Limes.  7  Lias,  Sands.  L.  (7  Carb.  or  Sil.),  L., 

Ba.,  Cone.    (7  Oxf.),   L.  (7  Ool.),  Gran^ 

Carb.  L.,  M.G. 
Sands.,  Herts  P.S. 
Ba.,  Carb.  L. 
Sands.,  Herts  P.S. 
M.G. 

Herts  P.S. 
Sands.,  Herts  P.S. 
Carb.  L. 


1.  Ballafayle  . 

2.  Ballajora 

3.  Claghbane  to  Ballaskaig 


4.  Donglas  Head 

5.  Kirkbride    . 


6.  Manghold 


7.  North  Banmle  (S.  side) 


Isle  op  Man. 

1891.    Gran. 

1891.  Gran. 

1892.  Dalb.,  Loch   Skerrow  Gran..  Red   Sands., 

Greenstone,  Grit,  Vein  Quartz,  Gran., 
Slatey  Cong.,  Diab.,  Clay-Slate,  Porph., 
Qnartz,  Siln.  Grit. 

1893.  Slate  (prob.  from  Dhoon). 

1893.  Vein  Quartz,  Grit,  Queensbury  Grit,  Criff., 
Syen.,  Shap.  Gneiss,  Porphyry,  Pitch- 
stone,  Ix^ch  Doone  Gran.,  Limes.,  Sands., 
Gran. 

1896.  Airan  Gran.,  Felsp.,  Porph. 

1897.  Shap. 

1892.  Biotite  Gran.,  And.  Agg.,  Grit,  Gran.,  Red 
Sands.,  Vein  Quartz,  Loch  Doone  Gran., 
Butt.,  Clay-Slate  (local),  •  Trap.' 

1892.  Grit,  Micaceous  Grit,  Vein  Quartz,  Grit 
Quartz,  aay-SUte.  Dhoon  Gra^QOQlc 
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8.  Port  e  Bloggan     . 

9.  Fort  Lewaigne 

10   Port  Mooar  . 

11.  „        „        Shore 

12.  ,,        ,,        to  Coma 

13.  Port  e  Vnllyn  to  Coma 

«*  t»  »« 

14.  Xraie  na  Feeinney 

15.  Traie  Uanaigue     . 


1891.  Gran.,  Ba. 

1891.  Gran.,  Grey  Gran.,  Trap. 

1897.  Shap. 

1891.  Gran. 

1891.  Gran,  (coarse  grey),  Gran,  red,  Syen. 

1891,  Gran.,  Porphyry. 

1891.  Gran.,  Grey  Gran.,  Pitchstone. 

1892.  Pitchstone  of  Corriegills. 
1891.  Gran. 

1891.  Porphyry,  White  Limes.,  Qnartzite. 


Lancashire. 


1.  Arden  Mills,  near  Woodley,     1891. 

Cheshire    (for  which  see 
other  records). 

2.  Bacnp 1888. 


3.  Barton-on-Irwell 

4.  Bolton-le-Sands  . 
u.  Bootle. 

6.  Bootle  Dock 

7.  Castleton,  Rochdale 


8.  Cowm  Top,  Rochdale 


9.  Crosby 
10.  Decoy  Marsh  to  Ditton 


1891. 
1891. 
1877. 
1879. 
1891. 


.  1892. 

.  1891. 

.  1892. 

.  1879. 

.  1893. 


11.  Dingle  Point  to  Hale  Head  1892. 

(River  Mersey) 

It  fi  t»  1896. 

12.  Facit,  Rochdale  .        .        .  1891. 


13.  Fallowfield  (Manchester) 

14.  Greenbooth,' Rochdale . 


1896. 

1890. 
1891. 


15.  Hanghton  Green.        .        .    1891. 

16.  Hale  Head  to  Decoy  Marsh     1892. 


17.  Heaton  Chapel 

18.  Heaton  Mersey 


1891. 
1891. 


19.  Hey  Houses  (near  Lytham)    1892. 

20.  Hest  Bank  ....    1891. 


21.  Heywood 


.    1891. 


22.  Hopwood,  near  Rochdale    .    1892. 

28.  Irlam 1891. 

B4.  Kensington,  near  Liverpool    1876. 


L.D.  Rhy.,  Esk. 


Reference. 

CM.  Sands.,  Esk.,  L.D.A. 

Carb.  L. 

Homb.  Feist.,  Esk. 

Greens.,  Scott.  Gran. 

L.D.A.,     and     Rhy.,     Butt.,     GalL,    M.G., 

Esk.,  Carb.  Sands,  Quartz   Porph.,  Sil. 

Grit. 
L.D.A.,  Rhy.  and  Porphyrite,  Butt.,  Gall., 

Carb.  Sands. 
Grit  (M.G.),  Gall.,  Esk.,  Quartzite,  L.D.  Rhy., 

Qimrtz  Porph. 
L J).A.  and  Rhy. 
Greens.,  Striae. 
L.D.A.  and  Brec.,  Felsite,  SiL  Grit,  Esk , 

Gall.,  Butt.,   Ba.,  Carb.   L.  and    Sand., 

Dalb.,  Dior.,  CM.  Sand. 
L.D.A.  Brec,  Gall.,  Sil.  Grit,  Dior.,  Felsite. 

Grit,  limes.,  Sil.  Limes.,  Ba. 
Goat  Fell  Gran. 
Butt.,  L.D.  Rhy.  and  A.,  Quartzite,  Quarts, 

?Gall. 
Esk.,  Quartz  Syenite,  Butt.,  L.D.A.  and  Rhy., 

Carb.  Sands. 
Butt.,  L.DJL 
Butt.,  Quartz  Porph.,  Quartzite,  Hsem.,  L.D. A. 

and  Rhys.,  ?  Gall.,  Esk. 
L.D.A.  and  Rhy.,  Gall.,  Butt. 
Dalb.,  L.D.A.  Brec.,  Butt.,  CriflF.,  Dior.,  Sil. 

Grit,  Gran.,  Felsite,  Trias  Sands,  Gall,, 

Sands.,  Esk. 
CM.  Sands. 
Esk.,  Butt,  L.D.A.  Rhy.  Brec,  Chill.,  Dalb., 

Ba.,  Perid.,  Quartz  Porph.,  M.G.,  Carb.  L. 

and  Sand.,  New  Red  Sand.,  Sil.  Grit. 
L.D.     Porphy.    and    And.,    Gran.,    Butt., 

Gall. 
Shap,  Perm.   Congl.,   Sil.    Grit,  Carb.    L. 

Chert.,  Sands.,  M.G.,  L.D.  Brec,  Rhy.  and 

And.,  Mica  Trap. 
Carb.  L.,  L.D.A.,  Esk.,  Butt.,  ?Gall.,    Grit. 

Quartzose    Rock,    Gran.,    Vein    Quartz, 

?  Syenite. 
Limes.,  GaU.,  Gran.,  Butt.»  L.D.Ai 
CM.  Sands. 
L.D.V. 
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25.  Langden  End,  near  Bochdale 

1892. 

26.  Levenshnlme 

1891. 

»»                 ... 

1893. 

27.  Liverpool    .... 

28.  Manciiester. 

1875. 

1880. 

ft           .... 

1891. 

»f           .... 

1893. 

29.  Millbottom  to  Micklehnrst . 

1888. 

30.  Moorside,  near  Rochdale 

1891. 

31.  Newohorch  in  Rossendale  . 

1889. 

32.  Old  Traflford 

1890. 

33.  Piethome,  Rochdale    . 

1878. 

34.  Rawtenstall 

1890. 

36.  Rochdale     .... 

1891. 

»»            .... 

1892. 

i>             .... 

1893. 

36.  St.  Helen's  .  •     . 

1891. 

37.  Scambrick  .... 

1874. 

38.  Shaw  Moor .... 

1888. 

39.  Snape 

1874. 

40.  Sparth  Bottoms,  Rochdale  . 

1891. 

>t           ♦»             f»            • 

1892. 

41.  Swaindrod,  near  Rochdale  . 

1892. 

42.  Spotland,  Rochdale     . 

1890. 

43.  Stonyhorst  .... 

1891. 

44.  Waidle,  near  Rochdale 

1890. 

46.  Whitworth,  near  Rochdale  . 

1896. 

Gall.,  Butt.,  Esk.,  L.D.A.  and  Porph.,  Quartz 

Felsite. 
CM.  Sands.,  Ard.  Limes. 
Ba.,  GaU.,  Sil.  Grit,  CM.  Sands. 
.  LD.V. 
Grit. 

CM.  Sands. 
GaU. 

Esk.,  And.  Ash,  Fels.,  Syenite,  Vein,  Butt. 
Sil.  Grit.,  Butt. 
L.D.V. 
CM.  Sands. 
Lias. 

L.D.A.,  Butt.,  Gran.,  Esk..  Gall.,  Criff.  Gran., 

Vein  Quarts,  Carb.  L.  and  Chert,  Red  Sand. 

Gall.,  Carb.  Sands.,  Butt.,  L.D.  Agg.,  Quartz 

Porph. 
Carb.  Sands,  Esk.,  LD.V.,  Quartzit^,  L.D.A. 

Butt.,  Gran. 
Quartz  Porph.,Granophyre,  L.D.A .  Brec.  Rhy ., 
Butt.,  Esk.,  7  GaU.,  Sil.  Grit.,  Quartzite, 
Carb.  L.  Grit  and  Sand.,  Hsem.,  Butt. 
.    Butt.,  Sn.  Grit,  GaU.,  Gran.,  ?Esk.,  L.D.A. 
Gran. 

L.D.V.,  CriflF. 
Gran. 
.    GaU.,  L.D.A.  and  Rhy.,  M.G.,  Carb.  L.  and 
Sands.,  Esk.,  Quartzite,  Hsem. 
L.D.  Porphyrite,  Gall.,  Carb.  Sand. 
Gneiss,  Gran.,  ?  Gall. 
.    L.D.A.,  Criff.,  Carb.  Sand. 
.    Perm.,  Marl,  and  Sands.,  L.D.A.  and  Rhy., 

Butt. 
.    Carb.  Sands. 
,    Carb.  Limes. 


Leicestershire. 


1.  Aylestone    . 

.     1878. 

Syen.  (Cham.)  FUnt. 

M                     •               • 

.     1880. 

Syen. 

»»                     *               • 

.     1881. 

Syen. 

»♦                     •               • 

.     1882. 

M.G.  Sands.,  Markfleld  Syen. 

2.  Beeby  . 

.     1877. 

Coal. 

3.  Bushby 

.     1880. 

Syen.  (Mt.  Sorr.) 

4.  Carlton 

.     1880. 

Ash,  Syen. 

5.  Countesthorp 

.     1880. 

Trias,  Col.  L.,  •  Greenstone,'  M.G. 

6.  Desford 

.     1874. 

Syen.,  Gran.,  Greenstone,  Ba.  Chert,  Carb.  L., 
Lias,  Sands. 

7.  Bvington 

.     1877. 

Gran.,  M.G.,  Limes.,  Chert,  CM.  Sands., 
Trias,  Syen.,  Greenstone. 

t» 

.     ,   .     1878. 

Syen.,  Trias,  M.G.,  Carb.  Limes.,  Gran. 
(Mt.  Sorr.) 

8.  Hallaton 

.     1883. 

Flints,  M.G.,  Carb.  L.,  CM.  Sands., 
?  Marlstone. 

9.  Hoby  . 

.     1874. 

Syen.,  Gran.,  Greenstone,  Ba., Chert,  Carb.  L., 
Lias,  Sands. 

„       .        .        . 

.     1875. 

M.G.,  Ba. 

10.  Hugglescote 

.     1873. 

(Cham.)  Rocks.,  M.G.,  Greenstone. 

11.  Humberstone 

.     1878. 

Syen.  (Mt.  Sorr.) 

12.  Kirby  Muloe 

.     1883. 

Markf .,  Syen. 

13.  Knighton     . 

.     1881. 

Syen.  (Mt.  Sorr.) 

»i                    • 

.     1882. 

L.  Lias?,  Gran.,  Syen.,  Greenstone.           t 

Digitized  by  L^OOgle 

246 

KEPORT — 1908. 

14*  Leioestelf     . 

.     1874. 

Dol.  or  1  Dior.  (?  non-British). 

»f 

.     1878. 

Syen. 

»»           •       • 

.     1880. 

Syen-,  Chert. 

f»           • 

.     1881. 

M.G.,  Gran.,  Gran.,  Syen.,  Slate,  Grit,  Sahds., 
Carb.  L..  Col..  Lias  L..  Marl-St.,  Chalk, 
Coal,  Shale,  CM. 

»f 

.     1882. 

Syen.  of  Bnderby  or  Croft. 

»i 

.     1883. 

Gran.  (Mt.  Sorr.) 

»f           •        • 

.     1886. 

M.G..  Carb.  L.,  L.  Ool.,  Syen.  (Cham.),  Coal. 

»»           • 

.     1888. 

Gran.  (Mt.  Sorr.),  M.G.,  Ool.,  Lias  L. 

15.  Leicester  Abbey  . 

.     1874. 

?  M.G.  or  Trias. 

16.  Leicester  Forest . 

.     1883. 

Markf.,  Syen. 

17.  Loseby 

.    1877. 

Gran.,  Quartz,  Coal. 

ti             •        • 

.     1878. 

M.G.,  Flint,  Chalk,  Lias.  Sands. 

18.  Loughborough  to  Ashl 

jy      .     1883. 

M.G. 

19.  Market  fiosworth 

.     1880. 

Ash,  Agg.  (Cham.),  Syen. 

20.  Melton 

.     1874. 

Syen.,  Gran.,  Greenstone,  Ba.,  Chert,  Carb. 
L.,  Lias,  Sands. 

21.  Newfound  Pool    . 

.     1888. 

Groby  or  Markf.,  Bone  of  Whale. 

22.  Newton  Unthank 

.    1883. 

Markf.,  Syen. 

23.  Normanton . 

.     1875. 

(Cham.)  Forest  Rocks. 

24.  Oadby. 

.     1880. 

Gran.  (Mt.  Sorr.) 

25.  Batlitfe 

.     1874. 

Syen.  Gran.,  Greenstone,  Ba.,  Chert,  Carb.  L., 
Lias,  Sands. 

26.  Kidgeway    . 

.    1880. 

Gran.  (Mt.  Sorr.) 

27.  SaflEron  Lane 

.     1882. 

Gran.  (Mt.  Sorr.),  Ba.,  M.G.,  Carb.  L.  and 
Chert,  L.  Lias. 

28.  St.  Margaret's,  Evingt 

on     .     1878. 

Syen.,  Trias,  M.G.,  OoL 

»»                  »» 

.     1881. 

Gran.  (Mt.  Sorr.),  M.G.,  SI.  (Swithland). 

29.  Shakerstone 

.     1876. 

Porph.  Greenstone  of  Whitwick,  Gran., 
Syen.,  Ba. 

30.  Stoughton  . 

.     1881. 

Syen.  (Mt.  Sorr.) 

31.  Sayston 

.    1880. 

Ash,  Agglom.  (Cham.). 

32.  Thurnby      . 

.     1877. 

Gran.,  Syen.,  Greenstone. 

f»             • 

.     1880. 

Syen.  (Mt.  Sorr.),  Breo.,  Trias  or  Perm. 

u                   •            • 

.     1882. 

Carb.  L.,  M.G.,  Perm. 

Lincolnshire. 

1.  Aylerby     . 

.     1898. 

Whin  Sill,  Sands.,  Gran. 

2.  Bamoldsby 

.     1808. 

Whin  Sill. 

8.  Barton  on  Humber 

.     1896. 

Shap,  Ba.,  7  Gran. 

4.  Beechby    . 

.     1898. 

Qunrtzite. 

5.  Bennlworth 

.     1896. 

Aug.  Syen.  (Laurv.),  Sands. 

fi.  Bradley      . 

.     1898. 

Gran.,  Quartzite,  Sands.,  Ba. 

7.  Bradley  Wood   . 

.     1898. 

Whin  Sill. 

8.  Brigsley    . 

.     1898. 

Sands.,  Ba..  Whin  SiU. 

9.  Brocklcsby 

.     1896. 

Sands.  (Primary).  Ba.,  Quartz. 

10.  Oadeney    . 

.     1901. 

Augen-Gneiss,  1  Limes.,  Neoc..  Bed  Chalk, 
Ba.,  Limes.  (?  Lias),  Sands.,  Shale. 

11.  Cleethorpes 

.     1901. 

Rh.  P.,  El.  Syen.,  Chev.  Porph.,  Gray 
Bycott  Hill  Dol.,  Flints  (Grey,  Black, 
Pink,  and  Green). 

12.  E.  Bayendale     . 

.     1898. 

Sands.,  Whin  SUl. 

*13.  Gainsborough    . 

.    1900. 

Shap,  Greenstone. 

14.  Great  Coates     . 

.     1898. 

Ba.,  Rh.  P.,  Gran.,  Ool.  Limes.,  Schist, 
Limes.,  Sands. 

15.  Grimsby    . 

.     1896. 

Gran.,  Syen.,  Dol. 

16.  Brlgg  Howshatn 

.     1896. 

Spilsby  Sands. 

17.  Humberstone    . 

.     1898. 

Ba.,  Sands.,  Whin  Sill.  Quartzite. 

*  Doubtful  records,  almost  certainly  brought  by  barges. 
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18. 

Irby   .        . 

.     1896. 

Shap,  Ba.,  Saods.  (Seoondary).  Gran. 

19. 

Kirmington 

.     1896. 

Rh.  P. 

20. 

M 

.     1895. 

Dol.,  Sands.  (?  Jur.),  Gran. 

n 

.     1896. 

Ba..  Gran.,  Rh.  P.,  Launr.,  Lamprop.,  Dior., 
Gneisa,  Quartz  Porph. ,  Carb.  L.  and  G.,  Lias, 
Porph.,  HallefllnU.  M.  Schist.  Flint  (Black 
and  Green),  Ba.,  Congl.,  M.G.,  Irons. 
(?  Lias),  Septarian  (f  Kim). 

»« 

.     1897. 

Laurv.,  Rh.  P..  Carb.  L. 

»» 

.     1898. 

Basic  Rock  (Hltterdal). 

21. 

Lndboroagb 

.     1896. 

Ba. 

22. 

8.  Elkington 

.     1896. 

Gran. 

23. 

S.  Ferriby   . 

.     1896. 

Rh.  P.,  Quartz  P.,  Ba.,  Carb.  L.  and  S., 
Black  Fi.,  Shap,  Gneiss.  Schist,  Gran., 
Sands ,  Porph.,  Limes.  (?  Ool.),  M.G. 

24. 

Stewton 

.     1896. 

Ba. 

25. 

Ulceby 

.     1896. 

Ba. 

26. 

Waltham     . 

.     1896. 

Ba. 

1.  Carnedd-y-ci 

2.  Glyn-Ceiriog 

3.  LlandrUlo    . 

4.  Llan-y-cil  (Bala) 


Mkbionethsuire. 

1900.    Quart  zite    and    Greenstone    from    Cader 

Berwyn. 
1900.     Welsh  Felsites  and  Denbigh  GriU. 
1900.    Ash  and  Greenstone. 
1876.    Stria;,  Aren. 


1.  Kerry  Hill 


Montgomeryshire. 

.     1883.    SU.  Grit. 


Norfolk. 


1.  Bacton 

2.  Bedingham . 

3.  Boyland  HaU 

4.  Broom  Ford,  Ditchington 

5.  Catton. 

6.  CJorton 

7.  Diss     .... 

8.  £.  Dereham 


9.  Fomcett 


10.  Happisburgh 

11.  Hellesdon    . 

12.  Hempnall    . 

13.  Pakelield     . 

14.  Scole    . 

15.  Stanfield  Hall 

16.  Swaffham    . 

17.  Tbarston 

18.  Waloott 

19.  Wymondham 


1903. 
1903. 
1903. 
1903. 
1903. 
1903. 
1903. 
1903. 


1903. 


1903. 
1903. 
1903. 
1903. 

1903. 
1903. 
1903. 
1903. 
1903. 
1903. 


Rh.  P.,  Laurv.,  Dol.,  Jasper. 

Kim.  Clay.  Dol.,  Chalk  (Hard  and  Soft). 

Neoc.  Sands.,  Kim.  Clay. 

Kim.  Clay. 

Shap,  Quartz  Porph.,  Ba. 

Flints,  Dol. 

Neoc.  Sands. 

Sands.,  Quartzite,  Irons.,    Dol.,   Granitoid 

Rock   (like  Rock  from  Ercal   (Wrekin), 

Porph.,  Jasper,  Greywaoke,  Neoc.  Sands., 

Ter.    Congl.,    Flint,  Chalk    (Hard    and 

Soft). 
Chalk.  Flints,  Kim.  Clay,  Dol.,  Hornb.  Sch., 

Quartzite  (?  Trias),  Neoc.   Sands.,  Carb. 

Sands.,  L.  Lias.,  Ool.,  Red  Chalk. 
Laurv. 
Rh.  P. 

Neoc.  Sands. 
Flints,   Hard  Chalk,   Kim.   Qay,   L.  Lia.», 

Neoc.  Sands.,  Porph.  (?  Chev.),  Dol. 
Dol. 

Ganister,  M.G. 
Sept.  with  Amm.  (?  Kim.) 
Ter.  Sands.,  Neoc.  Sands. 
Dol. 
Sands.,  Grit,  Rh.  P.,  Dol.        r^  t 
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1.  Akeld  .... 

3.  Little  Mill   . 

8.  Rochbury  (?  Bothbury) 

4.  Roddam  Dene 


NOBTHUHBEBLAND. 

.    1900.    Porph.  (?Chev.),  Greywacke. 

.     1896.     Dol..    Sands.,    Carb.    L.,   Jasper,    Porph. 

(?Chev.),  Striae. 
.     1874.    Carb.  Sands. 
.    1900.    Porph.  (?  Ohev.),  Greywacke. 


NOTTIKGHAMSHIBB. 


1.  Harworth 

2.  Plumtree 
8.  Stanton 

4.  8th.  Notts 


1.  Wolvercote  . 


1.  St.  Davids   . 


1.  Beguildy 

2.  Rhayader 


1.  All  Stretton 

2.  Bridgenorth 

3.  Cefn    . 

4.  Chirk  ! 

♦»       •        • 

5.  Church  Stretton 

6.  Claverly 

7.  Clunbury  HiUs 

8.  Clan     . 


9.  Comley 

10.  Crickheath  . 

11.  Ellesmere    . 

12.  Halfpenny  Green 

13.  Ketley,  Wellington 

14.  Leebotwood 

15.  Lilleshall     . 

»i 

16.  Llanfair  Waterdine 

17.  Llanymynech  Hill 

18.  Shifnal  to  Tong  . 


19.  Waystone     . 

20.  Wellington  . 

21.  Welsn  Frankton  . 

22.  Wroxeter     . 


1897. 

Chalk,  Flint.  Mag.  L. 

1875. 

LiasL. 

1875. 

LiasL. 

1875. 

Quartzite  (?  Trias).  M.G.,  Carb.  L. 

OXFOBDSHIBB. 

1876. 

Rands.  (7Ter.) 

Pembbokeshxbe. 

1885. 

Kcrite. 

Radnobshibe. 

1883. 

Sil.  Grit. 

1885. 

Ditto. 

Shropshire. 

1900. 

Trias. 

1876. 

Esk. 

1876. 

Aren. 

1878. 

Ditto. 

1876. 

Ditto. 

1878. 

Ditto. 

1900. 

Criff..  Esk.,  Butt.,  Perm.  Sands. 

1883. 

Gran.,  Fels. 

1883. 

Sil.  Grit. 

1882. 

Ditto. 

1883. 

Ditto. 

1883. 

Quartzites  (Stiperstones). 

1900. 

Bskdale. 

1892. 

Striae. 

1878. 

White  sils.  Rock  (?Jur.). 

1883. 

Vein  Quartz. 

1873. 

?  L.D.  Gran.,  ?  bcott.  Gran.,  Chamw.,  Green- 

stone, O.R.S.,  Sil.  Limes.,  Shells. 

1883. 

Gran.  (Scott,  or  L.D.) 

1877. 

Feist. 

1886. 

Shells. 

1883. 

Sil.  Grit. 

1892. 

Argillite,  Limes.,   Caradoc    Sands.,    Trap, 

Striae. 

1887. 

Esk.,    Syen.   (?  Scott),  Crifif.,  Butt.,  And., 

And.  (7  Welsh),  Gran,  (f  Scott.),  Quart* 

Fels.,  L.D.  Rhy.-Brec. 

1883. 

Felstone. 

1886. 

Shells. 

1878. 

Aren.,  Sil.  Grit,  Carb.  Sands,  and  Quartzite. 

1877. 

Feist. 
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Staffordshire. 

1.  BaTton-oo-Trent . 

.     1878. 

M.G.,  8yen.,  Lias. 

2.  Godsal. 

.     1887. 

Gran.,  Bsk.,  L.D.V.,  Felstone  (?  Soott.), 
Gran.  (?  Scott.),  Criff.,  Felstone  (?  Welsh), 
Butt.,  Porph.  Scott.,  Vole.  (7  Chev.),  Ash. 

3.  Ooltoo .... 

.     1883. 

Criffel,Aren. 

4.   QuBStOD 

.     1887. 

Gran.  (?  Scott),  ?  Butt. 

5.  Hanley 

.     1898. 

L.D.  And.  and  Agg.,  Butt.,  GalL,  M.G.. 
Bsk.,  Trias. 

6.  Harborne     . 

.     1873. 

Gran. 

»»            ... 

.     1876. 

Quartrite,  Vein  Quartz. 

7.  Gospel  Ash . 

.     1883. 

Butt..  Felsite,  Mica  Syen. 

8.  Highgate  Common 

.     1883. 

Gran. 

9.  Little  Madelej    . 

.     1891. 

Gran.,  Gbalk,  Flint,  Shells. 

10.  Madelej      . 

.     1891. 

Trap,  Gran. 

11.  Hanor  Qreen,  WalsaU. 

.     1879. 

Fels. 

13.  Moselej  Hole 

.     1879. 

Gran. 

13.  Needwood  Totmt 

.     1878. 

Garb.  L.  and  Chert,  Yored.  Sands.,  M.G. 
(7  Gran.),  Porphyry,  Syen.,  Greenstone, 
Trachyte,  Toa(  stone,  Lias,  Ool. 

14.  Newcastle,  Stoke-on-Trei 

It.     1877. 

Feist.,  Gran. 

15.  Bed  Hill  Fknn,  nr.  Staft 

wd     1873. 

Gran. 

16.  Rogeley 

.     1883. 

Aren.  Fell. 

17.  Tettenhall  . 

.     1873. 

Gran. 

18.  Wolverhampton  . 

.     1876. 

Criff.,  Bsk. 

M 

.     1879. 

Fels.,  Gran..  Slate,  Quaftzite  (Trias). 

»»                                    • 

.     1886. 

FUnt,  L.D.  Scott. 

19.  Wightwick  . 

.     1877. 

Feist. 

Warwickshire.    . 


1.  Baddesley    . 


1874. 


2.  Birmingham 


8.  California 

4.  Coventry 

5.  Bddsone 


1882. 

1886. 
1874. 
1886. 
1896. 
1874. 


6.  Bzball. 

.     1890. 

7.  Hatton-Wilmcote 

.     1874. 

8.  Hatton 

.     1874. 

?  Scand.  Quarizites  (Camb.),  Garb.  L.  and  S., 
Chert,  Lias,  Gt  Ool.,  Comb.,  Feist.  (Cumb. 
or  N.  Wales)  Wrekin  Vole,  Amygd. 
Gran.  (7  Malv.),  Pale.  Limes.,  Greens., 
Trap,  Vole.  Grit,  Gran.,  Syen.,  Grit, 
Quiurtz,  Jasper,  Agate,  Slate,  Sands.,  Feist., 
Dol.,  Chalk,  For.  Marble,  Gt.  OoJ.,  Lias, 
Mag.  L.,  M.G.,  Perm.,  Sil.  Fossil. 

Felsites  and  ABh(  Aren.  ),Shale,Quartz  Congl., 
Flagstone,  Quartzite,  M.G.,  Sil.  Sands. 

Striae. 

Aren. 

Mt.  8or.  Syen.,  Syen.  c.f.  Sapcote. 

7  Scand.,  Quartzites  (Camb.),  Garb.  L.  and  S. 
Chert,  Lias,  Gt.  Ool.,  Comb.,  Feist.  (Cumb' 
or  N.  Wales)  Wrekin  Vole,  Amygd 
Gran.  (7  Malv.)  Pale.  Limes.,  Greens. 
Trap,  Vole.  Grit,  Gran.,  Syen.,  Grit' 
Qaartz,  Jasper,  Agate, Slate,  Sands.,  Feist 
Dol.,  Chalk,  For.  Marble,  Gt.  Ool.,  Lias' 
Mag.  L.,  M.G.,  Perm.,  Sil.  Fossil. 

Vein  Quart z. 

Flints  and  Chalk. 

7  Scand.,  Quartzites  (Camb.),  Carb.  L.  and  S., 
Chert,  Lias,  Gt.  Ool.,  Cornb.,  Feist.  (Cumb. 
or  N.  Wales),  Wrekin  Vole,  Amygd. 
Gran.  (7  Malv.),  Pal.  Limes.,  Greens.,  Trap, 
Vole.  Grit,  Gran.,  Syen.,  Grit,  Quartz, 
Jasper,  Agate,  Slate,  Sands.,  Feist.,  Dol., 
Chalk,  For.  Marble,  Gt.  Ool.,  Lias,  Mag. 


9.  Uazeler 


1874.    Ditto. 


L.,  M.G.,  Perm.,  Sil, 
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10.  King's  Norton 

11.  Knowle       • 


1884. 
1874. 


13.  Lapworth    • 

.     1874. 

13.  Packwood    . 

1874. 

14.  Preston 

1874. 

16.  Rowington  . 

1874. 

»»           • 

1874. 

16.  Sberbonm  . 

1890. 

17.  Stirchley     . 

1884. 

18.  Temple  Balsall    . 

1874. 

Kels.  Ash  (Aren.). 

7  Scand.,  Quartzites  (Camb.),  Garb.  L.  and  S., 
Chert,  Lias,  Ot.  Ool.,  Comb.,  Feist.  (Comb, 
or  N.  Wales),  Wrekin  Vole,  Amygd. 
Gian.  (?  Malv.),  PaL  Limes.,  Greens.,  Trap, 
Vole.  Grit,  Gran.,  Syen.,  Grit,  Qoartz, 
Jasper,  Agate,  Slate,  Sands.,  Feist.,  Dol., 
Chalk,  For.  Marble,  Gt.  Ool.,  Lias,  Mag. 
L.,  M.G.,  Perm.,  Sil.  Fossil. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ool.,  Chalk,  Flint. 

M.G.,  Gran. 

Fels.,  Slate,  CM.  Shale,  Car.  Grit,  Trias. 

?  Scand.,  Quartzites  (Camb.),  Carb.  L.  and  8., 
Chert,  Lias.  Gt.  Ool.,  Comb.,  Feist  (Cumb. 
or  N.  Wales),  Wrekin  Vole,  Amygd. 
Gran.  (?  Malv.),  Pal.  Limes.,  Greens.,  Trap, 
Vole.  Grit,  Gran.,  8yen.,  Grit.  Qnartz, 
Jasper,  Agate,  Slate,  Sands.,  Feist,  Dol., 
Chalk,  For.  Marble,  Gt  Ool.,  Lias,  Mag. 
L.,  M.G.,  Perm.,  SU.  FoesU. 


19.  Watton  Wawon  . 

.    1874. 

Ditto. 

20.  Wroxall       . 

.    1874. 

Ditto. 

Westmoreland. 

1.  Brackenber  Moor,  Hilton    .    1903. 

Shap. 

2.  Bumey,  near  Milbnm 

.    1903. 

Whin  Sill,  Carb.  Sands. 

8.  Castle  HiU,  Kendal 

.     1878. 

Shap. 

4.  ConswiokSoar    .« 

.     1878. 

No  Limes.    Sil.,  L.D.V. 

5.  Farleton  Fell       . 

.     1878. 

Carb.  L.,  Sil. 

6.  Hazelrig.  near  Gamblcsby  .    1903. 

Basement  Carb.,  Gran.  (Gall.),  Lampro.  (c.f. 

Knock  Pike),  Shap,  Dalb.  Gran.,  Whin  Sill. 

7.  Helm  . 

.    1878. 

Shap. 

8.  HehnEnd  . 

.     1878. 

Shap. 

9.  Hincaster    . 

.     1878. 

Shap. 

10.  Kendal 

.     1878. 

Shap,  L.D.V. 

11.  KentRiTer. 

.     1878. 

No  Shap.  W. 

12.  Larkrigg     . 

.     1878. 

Shap. 

13.  MUbam       . 

.     1903. 

Whin  Sill,  Carb.  Limes,  and  Sands. 

14.  Milnthorpe. 

.     1878. 

Shap. 

15.  Natland       . 

.     1878. 

Shap. 

16.  Oxenholme. 

.     1878. 

Shap. 

17.  Scout  Scar  . 

.     1878. 

No  Limes.,  but  Sil..  L.D.V. 

18.  Sedgwick     . 

.     1878. 

Shap. 

19.  Sellet  Hall  . 

.     1878. 

Shap. 

20.  Spital  Wood 

.     1878. 

Shap. 

21.  Stamton      . 

.     1878. 

Shap.  L.D.V. 

22.  Storth  End  . 

.     1878. 

Shap. 

23.  Wath  Sutton 

.    1878. 

Shap. 

24.  Whitbarrow 

.     1878. 

SiL,  L.D.V. 

26.  Windy  Hill,  near  Kent 

lal    .    1878. 

Shap. 

WORCBSTEIISHIRB. 

1.  Bromsgrove 

.     1875. 

Felstone,  Ash. 

»f            •        • 

.     1886. 

Welsh. 

2.  Burcott 

.     1876. 

Ash.  Prem.  Brcc. 

3.  California    . 

.     1876. 

Gran. 

4.  Canister      • 

.     1876. 
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6.  Catshill       .        .        .        . 

1875. 

Forph. 

»f             •       •        . 

1878. 

Aren. 

6.  aent 

1883, 

Felstone. 

7.  Frankley  Hill     . 

1879. 

Ba.,  Diab.  (Aren.),  Felsltes. 

8.  Fringe  Green 

1875. 

9.  Hagley        .        .        .        . 

1875. 

Aren. 

10.  Hales  Owen 

1376. 

Fels.  (Aren.) 

11.  King's  Norton     . 

1875. 

Felstone. 

12.  Northfield  and  King*s  Nortoi 

1    1875. 

Felstone,  Porph. 

13.  Perry  HaU  . 

1875. 

Ba.,  Ash. 

14.  Ban  Dan  Woods  . 

1875. 

Ash. 

15.  St.  Claines,  near  Worcester 

1887. 

Criff. 

16.  Stoke  Elm  . 

1875. 

Felstone,  Ash,  Sil.  L. 

17.  Whetley 

1875. 

Porph. 

18.  Woodcote  Farm  . 

1875. 

Ash. 

19.  Woodrow    .        .        .        . 

1875. 

Porph. 

20.  Worcester  .        .        .        , 

1892. 

Vein  Quartz,  Agate,  Butt.,  Welsh  V.,  Hint, 
Esk.,  Gall.  Wrekin  Rh.,  Sil.  L. 

Yorkshire. 

1.  Airy  Hill,  Hunmanby 

.     1888. 

Jur.  Sands,  Gran.,  Shap,  Ba. 

2.  Airton 

.     1887. 

Carb.  Cong. 

8.  Aldbrough,  Holderncss 

.     1902. 

Haggis. 

ft 

1903. 

Tooth  of  Mammoth. 

4.  Aldfleld     . 

.     1902. 

Ba. 

5;  Ainthorpe,  near  Danby 

.     1899. 

Porph.,  L.D.V. 

6.  Arkendale  . 

.     18819. 

Carb.  Limes. 

7.  Atwick       . 

.     1896. 

Shap. 

tt 

1898. 

Gneiss,  Shap. 

1900. 

Shap,  Laurv.,  Rh.  P. 

8.  Ayton,  near  Scarborough 

.     1901. 

Rh.P. 

9.  Balby,  near  Doncaster 

.     1890. 

Limes.,  Gran. 

1* 

1890. 

Mag.  L.,  CM.  Sands.  &c.,  M.G..  Carb.  L. 
Chert,  Gypsum,  Tr.  Quartzite,  Tr.  or 
Perm.  Sands.,  L.D.V.,  Threl.,  Gran., 
Shap. 

if 

1897. 

Ba.,  Granoph.,  Gran.,  Gneiss,  Vole.  Aggl., 
Quartz  Porph. 

f> 

1898. 

Esk. 

10.  Baldersby  . 

.     1887. 

M.G. 

It 

1895. 

Shap. 

11.  Bfidnton-on-Wolds      . 

.     1899. 

Ba.,  Brock,  Gran.,  Grit. 

12.  Bannacka  . 

.     1895. 

Carb.  Sands. 

18.  Bamsley     . 

.     1895. 

Shap,  Gran.,  Rhy.,  7  Armb.,  Butt.,  And., 
Ba.,Carb.  L.,  Mag.  L.,  Flints,  I.  Lias. 

14.  Bartindale,  North  Burton 

.     1901. 

Ba. 

15.  Barton  (N.R.)    . 

.     1891. 

Shap. 

K;.  Barugh  Hill,  R.H.  Bay 

.     1900. 

Porph.,  Ool.  L. 

17.  Bempton    . 

.     1887. 

Ba. 

11 

1888. 

Sands.,  Ba. 

18.  Bentbam    . 

.     1889. 

*  Fourstones.'    Not  erratic. 

19.  Bilborough 

.     1896. 

Carb.  L.  Sands,  and  Chert,  Trias,  Mag.  L., 
Ba.,  Shap,  Clay  Ironstone. 

20.  Blackstone  Edge 

.     1896. 

L.D.V. 

21.  Bold  Venture,  near  Huttoi 

I     1889. 

Porph.,  Vole.  Ash. 

22.  Bowes 

.     1903. 

Shap. 

28.  Bowland    . 

.     1896. 

7  L.D.V. 

24.  Bradford    . 

,    1875. 

B.  And. 

It 

1896. 

Carb.  L. 

26.  Brandsburton    . 

1899. 

Rh.P. 

26.  Brantingham  Thorp  . 

1899. 

Rh.  P. 

27.  Branton     •        . 

1896. 
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38.  Brearly      .... 

1896. 

Gran.,  Butt. 

29.  Bridlington 

1899. 

Sands.,  Shap,  Ba.,  Carb.  L. 

f> 

1908. 

Trachyte  (8.  Scotland). 

30.  Brigham     Hill,    near    N. 

Frodingham. 

31.  Brompton,  near  Northaller- 

ton. 

i(                   It 

1899. 

Rh.P. 

1901. 

Rhy.,  Ba.,  1  Gabb.,  Carb.  L.8. 

1903. 

And.  (Borr.) 

32.  Brough-on-Humber   . 

1898. 

Rh.P. 

t> 

1903. 

Laurv. 

33.  Bnckton       (Flamborough 

1888. 

Ba.,  Sands. 

Head). 

34.  Bormiston. 

1889. 

Shap. 

,, 

1898. 

Shap. 

35.  Buwtwick  .... 

1900. 

Shap,  Rh.  P. 

»» 

1902. 

Bl.  Syen. 

»» 

1908. 

Trachyte(7BildonHUls),Dol.  (7Black  Hills), 
Quarts  Porph. 

36.  Carlton  Bank     . 

1899. 

Carb.  Grit,  Porph.,  Vole.  Ash. 

37.  Camaby     .... 

1902. 

Ba. 

38.  Castieshaw 

1889. 

Syen.  (?  Butt.),  Sil.  Grit,  Bsk.  Horn.  Trap, 
T  L.D.A. 

39.  Cayton       .... 

1888. 

Ba.,  Gran.,  Carb.  L.  Sands. 

40.  Cayton  Bay 

1899. 

Shap. 

41.  Chalk  Villa 

1895. 

Sch.,  Gran.,  Ba. 

42.  Cherry  Barton  . 

1901. 

Chev.  Porph.,  Ba.,  Greywacke,  Lias. 

43.  Church  Carlton,  nr.  Barns- 

1903. 

Micro.  Gran. 

ley. 

44.  Claro          .... 

1889. 

Carb.  L. 

45.  Claro  Hill . 

1897. 

Shap. 

46.  Clonghton  .... 

1898. 

Chalk. 

47.  Coast  Cloughton  to  Horn- 

1879. 

Shap. 

sea. 
48.  Commondale     . 

1899. 

Porph.,  Sparag.  ?  H.  Sch.,  Shap. 

49.  Coney  Garth,  near  Brands- 

1899. 

Rh.P. 

burton. 

50.  Coniston,  Holdemess 

1896. 

Gran. 

51.  Cotherstone,           Barnard 

1897. 

Shap. 

Castle. 

52.  Cottingham 

1895. 

Ba. 

53.  Coxwold    .... 

1902. 

Carb.  L.,  S.  and  Ch.,  L.D.A. 

54.  Cropton  (V.  of  P.)      . 

1888. 

Sands. 

65.  Crosspool  (730  O.D.),  near 

1883. 

Felstone,  Felsite,  Quarts,  Fels.,  TuflF,  Mag. 

Sheffield. 

L.,  Slate,  Sands.,  Rhy.,  ?  Sil.  Grit,  Qzite.. 
Carb.    Chert,    ?  Trias,   M.G.     The    Vol- 
canics  prob.   L.D.,  and  others  from  S. 
of  Scotland. 

56.  Cundall,     near     Borough- 
bridge. 
67.  Cutsworth      and      Sprot- 

1888. 

Shap. 

1897. 

Shap,  Orth.,  Porph.,  Dior.,  Ba.,  Carb.  Grit, 

borough. 
58.  Cusworth,  near  Doncaster  . 

Carb.  L.,  Gran. 

1900. 

Ba. 

69.  Danby        .... 

1899. 

Porph.  Gran.,  Rh.  P.,  Porph.  Gran.,  Flint, 

Ba. 
Gran,  Ba.,  Carb.  L.,  Rhy.  and  And. 

60.  Dearne  VaUey  . 

1896. 

61.  Deepdale   . 

1887. 

Shap. 

62.  Dewsbuiy  . 

1892. 

Butt.  Gran. 

63.  Dimlington 

1898. 

Laurv.,  Rh.  P. 

It 

1901. 

Bycott  DoL.  Carrock. 

t« 

1902. 

Zir.  Syen.,  Swed.,  CM.,  Chalk. 

64.  Doncaster . 

1897. 

Ba. 

65.  Driffield     . 

1889. 
1902. 

Ba.,  Carb.  L.  and  S.,  Lias,  Gran.,  Ba. 
Rh.P. 

66.  Basington  (Holdemess)     . 

1890. 

Boulders.                         '    .   v^,^,^|^ 
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66.  Eagmgton  (Holderness)    .    1898. 


» 

.    1902. 

67.  Basington  Beck  (N.B.) 

.     1896 

68.  East  Ajton 

.     1899. 

69.  EastiDgton  Moor 

.     1899. 

70.  East  Hutton 

.     1889. 

71.  Bgton 

.     1902. 

72.  Blland 

.     1893. 

73.  EUoughton  (Brongh). 

.     1899. 

74.  Blmire       . 

.     1887. 

75.  BltoD,  near  Beverley  . 

.     1901. 

76.  Bscrick      . 

.     1902. 

77.  Extwistle  Moor . 

.     1903. 

78.  Falsgrave  . 

.     1891. 

79.  Far  Hollingworth 

.     1896. 

80.  Ferriby  Common 

.     1901. 

81.  FUey. 

.     1879. 

»i      •        •        •        • 

.     1880. 

t»     •        •        •        • 

.    1888. 

»»      • 

.     1890. 

M           •              •• 

.     1899. 

82.  Flamboroagh      . 

.     1879. 

If          ... 

.     1887. 

t9                       ... 

.     1888. 

II                       ... 

.     1899. 

83.  Flaxby,nearBoroughbri 

ige  1903. 

84.  Flaxton     . 

.     1889. 

86.  Flinton 

.     1896. 

86.  Flixton  (Filey) . 

.     1889. 

87.  Folkton 

.     1891. 

88.  Fordon-on-Wolds 

.     1900. 

89.  Foston-le-Clay  . 

'.     1889. 

90.  Fnlford      . 

.     1896. 

91.  Oanton 

.    1891. 

92.  Oardham  (near  Beverley 

r).     1901. 

93.  Qarton  (Holderness)  . 

.     1898. 

94.  Garton-on-Wolds 

.     1899. 

95.  Qiggleswick 

.     1902. 

96.  Ooathland. 

.     1899. 

97.  Gordale      . 

.     1897. 

98.  Great  Ayton 

.     1899. 

99.  Green  Dyke  (Peak)    . 

.     1899. 

100.  Grimdale-on- Wolds   . 

.     1901.' 

101.  Gristhorpe. 

.     1888. 

»»          ... 

.     1899. 

»»          ... 

.     1902. 

102.  Grosmont 

.     1888. 

M                                       •                 • 

.     1896. 

103.  Guisborough 

.     1888. 

tt          ... 

.     1896. 

104.  Haddockstones  . 

.     1899. 

105.  Harfa  Bank 

.    1899. 

106.  Harrogate . 

.     1896. 

107.  Hazelgrove  to  Marske 

.     1896. 

8hap,  Bh.   P.,  Gran.,   Ijmrv.,  Gneiss,  Ba.» 

€^b.  L.    Sands,    and  Basement,   Brock, 

Mag.  L.,  Lias,  Crioceras,  Black  and  Pink 

Flint,  Bel.  lanceolata. 
Shap. 
Shap. 
Sch. 

Gn.,  Rh.  P. 
Ba. 
H. 

Bsk.,  Butt..  L.D.V.,  Carb.  L. 
Laorv. 
Shap. 

Chev.  Porph.,  Greywacke,  Lias. 
Carb.  L 
Sil.  Grit. 
Ba.,  Gran.,   Lias,  Syen.,  Quartdte,   M.G., 

Carb.  L.,  Ool..  Chalk  F. 
Gran.,  Batt. 
Rh.  P..  Ba.,  Carb.  L. 
Shap. 
Shap. 
Ba.,  Mica  T.,  Limes.,  L.  Lias,  Quartz  F., 

Freestone,  Shap,  Sands.,  Ba. 
Ba.,  Sands.,  Carb.  L.  Grit,  Ool.  Sands. 
EL  Syen.,  Lias,  Bb.  P. 
Shap. 

Gran.,  Ba.,  Sands.,  M.  Soh.,  Limes. 
Ba.,  Sands. 
Rh.  P. 
Whin  Sill. 
Carb.  L. 
Sands. 

Carb.  L.  and  S.  Sands.,  Ba. 
Ba.,  Carb.  L.,  Dior.,  Sands. 
Gneiss,  Ba.,  Carb.  Sands. 
Limes..  Gran.,  Shap,  Sands. 
Carb.  L.  and  Chert,  Sands.,  L.D.V. 
Shap,  Ba.,  Ool.  Sands. 
Chev.  Porph.,  Ba.,  Carb.  L. 
Carb.,  Basement,  Carb.  L.  and  Sands.,  M.G., 

Lias,  Gneiss,  Gran.,  Ba.,  Rh.  P.,  Qnartzite, 

Porphyrite. 
Rh.  P. 

M.G.,  Carb.  L.  Sh.  Grit,  SU.  Grit. 
Sch.,Gnei8s,Cleveland  Dyke,  Flint,  Trias,  Ool. 

Sands.,  Chev.  Porph.,  ?  Sparag.,  Fels.,  Ba. 
Carb.  Congl. 
Porph.,  M.G.,  Carb.  L.  and  Ch.  L.  and  M.G., 

Lias,  Trias,  Jur.  Grit,  Mag.  L.,  Flint. 
Quarta  P.,  Porph.,  Gran.,  Ba.,  H. 
Ba. 

Sands.,  Ba. 
Rh.  P. 
Gabbro    (Norse),    P.    and    Jasp.,     Quartz 

Porph. 
Shap. 
Shap. 
Gran. 
Shap. 

Not  Brratios. 
Carb.,  Ch. 
M.G. 
Carb.  L.,  Yore.  L.,  Ba;,  Whin  ^iih        i 
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108.  Hawks     Clough,     Calder    1896. 

Vein  Calcite,  Sil.,  Quartzito. 

Valley. 

109.  Haybum  Wyke . 

.     1902. 

Haggis  Rock. 

110.  HighCatton      . 

.     1896. 

Garb.  L.,  Sands.,  and  Chert,  Flint,  Carrock, 
Mag.  L.,  Trias,  Brock.  L.D.V.,  Shap. 

111.  High  Lee  .        . 

.     1896. 

Vein  Quartz  (Pebble). 

112.  Holdemess  Coast 

.     1896. 

Analysis  of  310  Boulders. 

^j 

.     1897. 

Swed.,  Bel.  lanceolcUa. 

113.  Holtby       . 

.     1896. 

Garb.  Sands.,  L.  and  Chert,  Garb.  Basement, 
Ba.,  Keup.  Marl.  Gyps.,  Trias  Sands., 
L.  Lias.  L.D  V.,  Ba.,  Mag.  L.,  Shap,  Scott. 
Gran.  (?  L.  Doone.) 

114.  Horbuiy     . 

.     1893. 

Bsk.,  Butt.,  L.D.V.,  Quartzite,  Vein  Quarta. 
Chert. 

»t 

.     1901. 

Shap,  Brockram,  Rh.  P.,  Flint. 

115.  Hornsea 

, 

.     1879. 

Shap. 

•1 

. 

.     1896. 

Carb.  L.,  Ba. 

tt 

, 

.     1898. 

Shap. 

ft 

, 

.     1901. 

L.D.V.,  Armb 

.     1902. 

Rh.  P.,  Shap,  L.D. v.,  Queensbury  Grit. 

»» 

.     1903. 

M.G.,    Keuper  Mail,  Gran.,  Angen-Gneiss, 

Gran.  (Dalb.) 

116.  Hamnanby 

.     1888. 

Shap.  Sands.,  Gran. 

tt                • 

.     1889. 

Sands..  Ba. 

117.  Hutton,  near  Guisbor 

ough     1899. 

Porph. 

118.  nation  Bushel  . 

.     1900. 

Chev.  Porph..  Mag.  L.,  Kim.  Gneiss,  Gran. 

tt             • 

.     1901. 

Rh.P. 

119.  Hutton  Moor,  near  R 

ipon.    1887. 

Gran.,  M.G. 

120.  Iburndale  . 

.     1899. 

Shap,  Gran.,  Porph. 

121.  Ingleby  Greenhow 

.     1887. 

And.  and  Porph  ,  Chev.  and  S.,  Scott.,  Ba.. 
CI.  Dyke,  ?  H.  Griff.,  ?  Shap,  Kelso  Trap. 

11 

.     1888. 

Ba.,  ?  Griff.,  Greywacke,  Vein  Quartz,  Threl. 
Quartz  Porph..  L.D. V.,  M.G.,  Carb.  L.S.  and 
Grit.  Jur.  S. 

122.  Ingleton    . 

.     1892. 

Lamprophyre. 

123.  Keighley   . 

.     1874. 

Hitchingslono.  M.G. 

tt         •        • 

.     1879. 

Not  erratic. 

124.  Kelsey  Hill 

.     1903. 

Garb.  L. 

125.  Kettleness . 

.     1901. 

Chev.  Porph..  El.  Syen.,  Gneiss. 
Shap,  And..  Ash. 

126.  KUbum      . 

.     1902. 

tt 

.     1903. 

Dol.,  M.G.,  Limes.  (Garb.) 

127.  Kilnsea      . 

.     1890. 

Shap. 

128.  Kirkby  Underdale     . 

.     1888. 

Ool.  L. 

129.  Kirklington,  near  Rip 

ion    .    1895. 

Ba. 

tt                   tt 

1901. 

Carb.  Sands. 

130.  Kirkmoorgate,  R.H.B 

.     1900. 

Rh.P. 

131.  Kirkthorpe 

.     1893. 

Esk.,  Butt ,  L  D.V. 

132.  Laithkirk  . 

.     1890. 

Shap. 

tt          •        • 

.     189.3. 

Shap. 

183.  Langcliffe  (Settle) 

.    1902. 

Striffi. 

134.  Lealholm  . 

.     1899. 

Flint,  Porph.,  And  ,  Gran.,  ?  Sparag » Quart- 
zite, Ba..  Ool.  L.,  Garb.  Chert,  Mag.  L., 
M.G.,  Quartzite.  Porph. 

136.  Lebberston 

.     1888. 

Ba.,  Sands. 

136.  Leconfield. 

.     1901. 

Chev.  Porph.,  Greywacke. 

137.  Leeds 

.     1887. 

M.G. 

138.  Lindholme  Hall,  Ha 

itfield    1888. 

Mag.    L.,    Garb.     Sands..    M.G.,     Chert, 

Chase. 

Porph.,  Ba.,  Quartzite,  Vein  Quartz,  Flint, 
Gongl.,  Halleflinta. 

139.  Lindrick  (Rlpon) 

.     1893. 

Shap. 

140.  Linton  Wharfedale 

.     1903. 

Sil.  SI. 

141.  Little  Weighton 

.     1902. 

Chev.  Porph. 

tt 

.     1903. 

Ba.,  Quartzite,  Sands. 

142.  Lockingtoo 

ft 

*     1890. 
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143.  Lockwood .        .        .        , 

1899. 

Porph. 

144.  Long  Lee  .        .        .        . 

1896. 

Butt.,  L.D.V.,  Bsk. 

145.  Lowthorpe 

1890. 

Ba.,  Garb.  L.,  Ool.  Sands.,  Red  Sands. 

146.  Luddendenfoot . 

1898. 

L.D.  Vole. 

147.  Lund          .        .        .        . 

1891. 

Gran.,  Ba.,  Dior.,  Sands. 

148.  Malbam     .        .        .        . 

1887. 

Garb.  Congl. 

149.  Manfield,  near  Darlington. 

1889. 

Fels.  Trap(7And.). 

160.  Market  Weighton 

1892. 

Ool.  Sands. 

»f                      •        • 

1895. 

Garb.  Sands. 

»»                      •        • 

1898. 

Black  Flint. 

161.  Harton-cam-Grafton 

1889. 

Shap. 

152.  Meaux       .        .        .        . 

1901. 

Rh.  P.,  Chev.  Porph.,  Garb.  L.  and  S.,  Lias. 

153.  Middleton-on- Wolds . 

1902. 

Rh.  P.,  Gran.,  Ba.,  Garb.  S.  and  Grit,  Chev. 
Porph.,  Tiias. 

154.  Mirfield      .        .        .        . 

1893. 

Butt. 

»»           .        •        .        . 

1896. 

L.D.V.,  Butt.,  Esk.,  Garb.  Grit,  Gran.  (Not 
L.D.) 

155.  Moant  Grace     . 

1898. 

Shap. 

156.  Mulgrave  Park  . 

1890. 

Shap. 

157.  MoBton,  near  Filey    . 

1888. 

Ba.,  Grit. 

tt 

1889. 

Sands.,  Gran.,  Ba. 

158.  Mytholmroyd    . 

1896. 

Esk.,  Butt.,  Gneiss.  ?L.D.V. 

»»                .        .        . 

1902. 

L.D.  And.  Rhy.,  Butt.,  Esk. 

159.  Neswick     .        .        .        . 

1888. 

Ba. 

*•            ,        .        .        . 

1889. 

Ba. 

160.  Newbald   .        .        .        . 

1903. 

Ba. 

161.  Newbold    .        .        .        . 

1895. 

Gran.,  Limes. 

162.  Newby  (Scarboroogh) 

1890. 

Sands. 

163.  New  Tear's  Bridge,  Den- 

shaw  Valley. 

164.  Noblethorpe  (Cawthcme) 

1889. 

Syen.,  Dior. 

1896. 

L.D.V. 

166.  Norber       .        .        .        . 

1887. 

Carb.  Congl. 

■  »»            ... 

1888. 

Sil.  Grit. 

166.  North  Cave       . 

1895. 

Ba. 

167.  North  Dean 

1893. 

L.D.V.,  Butt.,  Gran.,  Esk. 

168.  North  Ferriby    . 

.     1896. 

Carb.  L.  Sand.  Grit  Congl,  Lia?,  Chalk, 
Ba.,  Gran.,  Sch.,  Gneiss. 

169.  North  Otterington     . 

.     1888. 

Gran. 

170.  North  Stainley  . 

.     1888. 

Carb.  Grit. 

171.  Old  Bridlington 

.     1888. 

Ba.,  Sands. 

172.  Out  Newton 

.     1895. 

El.  Syen.,  Laurv.,  Rh.  P. 

»♦                 •        • 

.     1902. 

Shap. 

173.  Patrington 

.     1898. 

Ba.,  Gneiss,  Porph.,  Rh.  P.,  Carb.  L.  and 
Sands.,  Lias,  Flint. 

174.  Peak  Station      . 

.     1899. 

Gneiss,  Porph.,  Gran.,  Ba.,  Flint,  Mag.  L., 
Quartzite,  Vein  Quartz,  ?  Sparag,  Grit, 
Trias,  M.G.,  Qz.  P..  And.,  Jasp.,  H.  Sch. 

ft                • 

.     1900. 

Rh.  P.,  Shap. 

175.  Pickering  . 

.     1896. 

Ool.  Lime  and  Sands. 

176.  Pickhill      . 

.     1892. 

Ba. 

177.  Pierce  Bridge    . 

.     1887. 

Shap. 

178.  Preston  (Holdemess) 

.     1896. 

Ba.,  Carb.  Sands. 

179.  Rainton  (N.R.). 

.     1891. 

M.G. 

180.  Redcar  to  Saltbnrn    . 

.     1896. 

Carb.  L.  Sands  ,Grit,  Mag.L.,  Lias,  Ba.,Gran. 

181.  Beighton   . 

.     1888. 

Gran.,  Garb.  L. 

»»          ... 

.     1889. 

Ba. 

182.  Robin  Hood's  Bay     . 

.     1887. 

Shap. 

i» 

.     1889. 

Garb.  L.,  Shap,  Grit,  Sands.  (7  Jur.),  Gneiss, 
Ba.,  Felstone. 

n                          • 

.    1896. 

Shap,  Sch.,  Carb.  L.,  Ba.,  Gran.,  Gneiss, 
Armb.,  Dalb.,  Gran.,  Rh.  P.,  Qz.  P.,  Laurv.. 
Porph.,  M.G.,  Brock,  Mag.  L.,  Tr.  Sands., 
Gype.,  Tiias,  Ool.,  Flint. 

M                           t 

.     1902. 

O.R.9.  and  Jasper,  Haggis  Rcnik. 
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183.  Rokeby      .        .        .        . 

1892. 

Ba.             ... 

184.  Rough  Ground  . 

1882. 

Shap,  Oarb.  L. 

186.  Rough  Lee  (Rendle  Water) 

1887. 

Garb.  Gongl. 

186.  Royston     .        .        .        . 

1896. 

Vole.  Aah,  Chert,  Mag.  L.,  ThreU  Ba. 

187.  Rudstone   . 

1899. 

Rh.  P. 

188.  Runswick  . 

1889. 

Gran.,  Shap. 

189.  Runswick  Bay  . 

1900. 

Shap,  Brock.,  Mag.  L. 

190.  Ruston  Parva     . 

1890. 

Dior. 

191.  Sand  Hutton 

.     1891. 

Shap. 

192.  Sandle  Mere  (Holdemess) 

1903. 

Tooth  of  Mammoth. 

193.  Saltbum     . 

1888. 

Shap. 

»»           ... 

1896. 

Ba. 

t*           ... 

1897. 

Laurv. 

194.  Sawley  Abbey    . 

1892. 

Perm.  Congl.,  Limes. 

196.  Scalby 

1890. 

Ba. 

•f             .        t        . 

.     1898. 

Ool.  Sands.,  Oarb.,  Ba,,  Chalk. 

196.  Scarborough 

1892. 

Ba.,  Limes.,  Shap. 

»» 

1891. 

OoL  Sands. 

197.  Scarth  Nick 

.     1899. 

Ba.,  L.D.V..  Porph. 

198.  Scugdale    . 

.     1899. 

Grit,     Carb.     Chert,    Gran..    Vole    Ash, 

Porph. 
Gran..  Shap.,  M.  Schist. 

199.  Seamer 

.     1888. 

ff            ... 

.     1889. 

Ba.,  Sands. 

.     1890. 

Ba..  Sands.  Ool.  Sandtf.,  Carb.  L.,  Gran. 

>t            ... 

.     1899. 

Ba. 

♦»            ... 

.     1900. 

Ba. 

»»            ... 

1901. 

Rh.  P.,  Chev.  Porph.,  Ba.,  Gran.,  Mag.  L., 
Carb.  L.,  Flint,  Tiias. 

200.  Seamer  Beacon  . 

.     1900. 

Jur.  Sands.,  Chev.  Porph.,  Ba. 

201.  Seamer  Beacon  . 

1900. 

Jur.  Sands.,  Chev.  Porph.,  Ba. 

202.  Settrington  (V.  of  P.) 

1901. 

?  Quartsite,  Trias.  Vein  Quartz,  Carfo.  Sands.. 
Jasper,  Flint,  Ba.,  Gneiss. 

203.  Sinderby    . 

1892. 

Oarb.  L. 

204.  Skeffling    . 

1898. 

Ba.,  Gneiss,  Porph.,  Rh.  P.,  Carb.  L.  and  Sand., 
Lias,  Flint. 

206.  Skelton  Beck.    . 

1896. 

Whin  SUl. 

206.  SkidbyandLittleWeightoB 

i     1895. 

Ba. 

207.  Skinmng  Grove . 

1887. 

Gran. 

208.  Skipeea      . 

1893. 

Ba. 

209.  Skirlaugh  . 

1896. 

Ba. 

210.  Sleighte      . 

1888. 

Gran. 

211.  Slippery  Foot,  Keighley    . 

1903. 

Ash  (Borr.). 

212.  SmaUey  Bight    . 

1893. 

L.D.V 

213.  Sneaton 

1896. 

Shap. 

214.  Southbum,  near  Driffield 

1899. 

Ba. 

216.  Southbum  (Eirkburn) 

1890. 

Ba. 

216.  South  Cave 

1896. 

Limes. 

217.  Sowerby  Bridge 

1893. 

L.D.  Vole. 

»»                    • 

1902. 

Carb.  Sands. 

218.  Speeton 

.     1888 

Ba.,  Sands. 

»»            ... 

.     1890. 

Sand&,  Ba..  Shap,  Carfo.  L.,  Gran.,  M.  Sch., 
Red  Sands.,  L.  Lias,  Ool.  Irons. 

♦»            ... 

1899. 

Rh.  P..  8il. 

»»            .        •        . 

.    1900. 

Sbap. 

219.  Sprotborough     . 

1897. 

Shap,  Orth.  Porph.,  Dior.,  Ba.,  Carb.  Grit, 
Carb.  L.,  Gran. 

220.  Staintondale      . 

1890. 

Shap. 

221.  Staithea     . 

1897. 

Bh.P. 

222.  Stanghow  . 

.    1899. 

Shap. 

223.  Stanley      . 

1893. 

Bsk.,  L.D.V. 

224.  Startforth  . 

.     1892. 

Shap,  Grey  Gran. 

225.  Staveley     . 

.    1889. 

Sands.,  Carb.  L.,  Shap. 

226.  Staxton  (Scarborough) 

1889. 

Carb.  L.,  Ba. 

227.  StUiington 

1888; 

Limes* 
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238.  Stonegate 


.    1899. 


....  1902. 

229.  Stonegate,  Eskdale    .        .  1903. 

230.  Stonehonae         .        .        .  1896. 

231.  Strentail    ....  1889. 

232.  8triQe8dale(01dhamW.W.)  1899. 


288. 
234. 
236. 
236. 
287. 


240. 
241. 


Stomp  Howe,  near  Whitby  1900. 

Sotton-on-Hall  .        .        .  1895. 

Swanland  ....  1896. 

Swine         ....  1895. 

Tanfield     ....  1893. 

Teeside      ....  1892. 

ThirkleBridge(Holdemes8)  1903. 

Thirley,  Clou^ton    .        .  1900. 

Tiiirsk        ....  1903. 


242.  Thornboroogh  (W.  Tanf.)  . 

1889. 

243.  Tbornes     .... 

1893. 

244.  Thornton  Dale  (V.  of  P.)  . 

1901. 

246.  Thomton-le-Beans     . 

1888. 

246.  Thomton-le-Clay 

1889. 

247.  Thomton-le-Moor      . 

1888. 

248.  Thornwick  Bay . 

1899. 

249.  Todmoiden 

1896. 

260.  Topclifle    .... 

1893. 

261.  Upper  Foot 

1896. 

262.  Upeal 

1903. 

268.  Wakefield  .... 

1892. 

»i          .... 

1893. 

254.  Wassand  (Hornsea)  . 

1898. 

265.  Wath  (N.  Riding)      . 

1890. 

256.  Wawne      .... 

1902. 

267.  Weeton      .... 

1898. 

268.  Welwick    .... 

1898. 

269.  West  Rigg  (Lockwood)     . 

1899. 

260.  West  Tanfield    . 

1889. 

261.  Wetwang  .... 

1903. 

262.  Washton  (Boom  Gas) 

1897. 

263.  VHieatcroft,     near    Scar- 

1900. 

borough. 

264.  Whitby      .... 

1889. 

H                        .... 

1899. 

1900. 

1902. 

266.  Whorlton  !        !        !       ! 

1887. 

266.  Wighill^  near  Tadcaster    . 

1901. 

•9                             n 

1903. 

267.  Willerby,  near  Hull   . 

1898. 

268.  Winestead.       .       .        . 

1890. 

>»        .... 

1892. 

269.  Winterbut  Lee  . 

1896. 

270.  Withemsea 

1898. 

1903. 


f  Sparag.,  Porph.,  Ba.,  Gran.,  Quartx  Porph., 
And^  Garb.  Chert  L.  Basement,  M.Q^ 
Flint,  Jasper,  Red  Sands.,  ?01d  Red  S., 
Qneiss,  H.  Soh.,  Qnartzite,  Vein  Quartz, 
U.  lias,  Mag.  L.,  M.  Lias. 

Qoeensbory  Orit,  H. 

Syenitic  Dyke-rook  (Norw.). 

Gran. 

Sands.,  Ba. 

SiL  Grit,  Syenites,  L.D.  (prob.  Butt.),  Carb. 
L.B.,  Quartzite, '  Trap.^ 

Rh.P. 

Ba.,  Carb.  L.,  L.  Lias,  Gran. 

Gran.,  Ba.,  Sands. 

Ba.,  M.G.,  Carb.  L. 

Shap. 

Shap,  Armboth,  Carrook. 

Dol. 

Jur.  Sands. 

Gabb.  (Carr.),  Porph.  (Chev.),  Gran.,  OoL, 
Garb.  Congl.,  Shap. 

Grit. 

Bsk.,  Butt.,  L.D.y.,  Vein  Quartz. 

OoL 

Shap. 

Carb.  L.  and  S.,  Ba.,  Sands.,  Gran.,  Lias. 

Gran.,  Ba.,  ?  Ash. 

Laurv. 

L.D.V. 

M.G. 

L.D.V. 

Gabb.  (Carr.),  Gran.  (?  Chev.),  Dol.,  M.G., 
Garb.  L. 

Butt.,  Gran. 

Bsk..  L.D.V. 

Ba. 

Laurv.,  Rh.  P.,  Ba.,  Greywacke,  Chev.  P., 

Flint. 
Ba.,  Gneiss,  Porph,  Rh.  P.,  Carb.  L.  and 

Sands.,  Lias,  Flint. 
Ditto. 
Flint,  Porph,  ?  Sparag.,  Quartzite,    Grit, 

And.,  Carb.,  Chert,  Sch.,  Gran.,  Rh.  P. 
Carb.  L. 
Quartz. 
Shap. 
Shap. 

Carb.  L.,  Shap. 

Bl.  Syen.,  Dolerite. 

Jur.  Sands.,  Mag.  L.,  Carb.  L.,  Ba.,  7  Sparag., 

Jasp.,  M.  and  L.  Lias. 
L.O.R.S.,  Ba. 
Gran. 
Ba.,  Chert. 
Whin  Sill. 
Garb.  L.  Sands.,  B*.,  Jur.,  Gran.,  Gneiss, 

Rh.  P..  Black  Flint,  Bel  lanoeolata,  L.  Lias. 
Ba ,  Carb.  L. 
Carb.  L. 

Gran.,  Quartzite. 
Shap,  Blue  Gneiss,  BeU  laneeolata,  Black 

Flint. 
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271.  Wykeham  ....    1901.    Ba.,  Chev.  Porph.  and  And.,  Flint,  El.  Syen.^ 

Lias. 
....    1902.    Flint. 
, 1903.    WhinSilL 

272.  Yedmandale,     near      W.    1899.    Rh.  P. 

Ayton. 
„  „  1900.    Chev.  Porph.,  Greywacke,  Jasper,  Gran. 

273.  York 1888.    Shap,  Limes.,  Est.  Sands.,  Carb.  L.,   Jur. 

Sands,  and  Limes.,  And. 

„ 1889.    Carb.  L. 

, 1893.    M.G. 

„ 1901.    Carb.  Sands. 

274.  Youlthorpe,  near  SUunford    1888.    Sands. 

Bridge. 


Observations  on  Changes  in  the  Sea  Coast  of  the  United  Kingdom, — 
Report  of  the  Committee^  consisting  of  Sir  ARCHIBALD  Geikie, 
Captain  E.  W.  Creak,  Mr.  L.  F.  Vernon-Harcourt,  Mr.  A.  T. 
Walmisley,  Mr.  W.  Whitaker,  and  the  General  Officers, 
appointed  Iry  the  Council. 

[PLATE  IX.] 

In  1898  the  following  resolution  was  referred  by  the  General  Com- 
mittee of  the  British  Association  to  the  Council  for  consideration  and 
action  if  desirable  : — 

*That  the  Council  be  requested  to  bring  under  the  notice  of  the 
Admiralty  the  importance  of  securing  systematic  observations  upon  Uie 
Erosion  of  the  Sea  Coast  of  the  United  Kingdom,  and  that  the  co-opera- 
tion of  the  Coastguards  might  be  profitably  secured  for  this  purpose.' 

On  the  recommendation  of  a  Committee  of  the  Council  appointed  to 
consider  the  above  resolution,  the  Council  decided  to  inquire  whether  the 
Admiralty  would  be  willing  to  arrange  that  observations  of  a  simple 
character  on  changes  in  the  sea  coast  be  recorded  and  reported  by  the 
Coastguards.  A  favourable  answer  having  been  received  from  the  Lords 
of  the  Admiralty,  the  Committee,  at  the  request  of  the  Council,  proceeded 
to  draw  up  suitable  forms  on  which  to  make  the  reports  and  a  scheme  of 
instructions  to  guide  the  observers  in  recording  their  observations.  A 
supply  of  these  forms  with  instructions  was  then  forwarded  to  their 
Loniships,  and  issued  by  them  to  the  Coastguards  in  1899.  Since  that 
date  forms,  duly  filled  in,  have  been  received  regularly  from  the  Coast- 
guard stations  of  the  United  Kingdom  and  filed  in  the  offices  of  the 
Association  in  Burlington  House. 

The  observations  having  accumulated  to  an  extent  sufficient  to  justify 
an  attempt  being  made  this  year  to  tabulate  them,  the  present  Committei^' 
having  been  appointed  to  superintend  and  direct  the  work,  wiUi  ide 
consent  of  the  Council,  obtained  the  services  of  Mr.  John  Parkinson,  B.A., 
of  St.  John's  College,  Cambridge,  to  collate  the  data  in  hand.  Mr. 
Parkinson  has  devoted  himself  with  much  ability  and  zeal  to  the  some* 
what  laborious  task  he  undertook,  and  has  prepared  a  most  valuable* 
report  and  map  which  the  Committee  are  pleased  to  incorporate  in 
their  report  to  the  Council. 
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The  Committee  recommend  that  their  report  be  communicated  to  the 
Geological  Section  at  the  Southport  meeting  of  the  Association,  and  that 
it  be  published  in  the  Annual  Report. 

The  Committee  further  recommend  that  copies  of  the  report  be  sent 
to  the  Admiralty,  that  their  Lordships  be  informed  of  the  valuable  and 
important  information  which  has  been  obtained  through  their  assistance 
and  co-operation,  and  that  an  offer  be  made  to  forward  to  them  copies  of 
the  report  for  distribution  to  the  Coastguard  stations  if  considered 
desirable. 

In  conclusion  the  Committee  consider  that  the  best  thanks  of  the 
Council  are  due  to  Mr.  Parkinson  for  his  report  and  to  the  various 
officers  in  the  Coastguard  Service  who  have  furnished  the  information 
upon  which  it  is  based. 

Report  to  the  Committee  by  John  Parkinson. 

The  observations  on  which  this  report  is  based  were  sent  to  the  British 
Association  by  the  Coastguards  on  forms  supplied  to  them.  These  forms 
were  of  two  kinds.  No.  I.  when  filled  in  gives  information  as  to  the  nature 
of  the  coast  reported  on,  the  vertical  range  of  ordinary  spring  tides,  the 
evidence  for  encroachment  of  the  sea  or  for  gain  of  the  land,  the  artificial 
causes  influencing  natural  changes  and  details  concerning  the  removal  of 
shingle,  &c.  Form  II.  is  used  to  record  any  changes  of  especial  interest, 
such  as  falls  of  cliff  or  the  erection  of  new  groynes. 

In  this  summary  the  observations  are  treated  in  order  round  the  coast, 
beginning  with  the  county  of  Wigtown  and  following  on  from  point 
to  point  in  the  direction  taken  by  the  hands  of  a  watch.  Ireland 
is  treated  last,  the  same  arrangement  being  adopted,  beginning  at 
Galway  Bay. 

Scotland. 

The  reports  received  from  Scotland — forty-eight  in  all — are  for  the 
most  part  confined  to  the  eastern  coast ;  the  western,  including  the 
Hebrides,  being  unrepresented  as  far  south  as  the  mouth  of  the  Clyde. 

The  diistribution  of  the  reports  in  the  maritime  counties  and  adjacent- 
islands  is  as  follows  : — ^Wigtown,  5  ;  Ayr,  3 ;  I.  of  Arran,  2  ;  I.  of 
Bute,  1 ;  Renfrew,  1  ;  Orkney  Isles,  2  ;  Shetlands,  1  ;  Caithness,  2  ; 
Eastern  Sutherland,  1 ;  Eastern  Cromarty,  1 ;  Eastern  Inverness,  1  j 
Elgin,  3 ;  Banff,  1 ;  Aberdeen,  5 ;  Kincardine,  6 ;  Forfar,  5 ;  Fife,  5 ; 
Haiddington,  2  ;  Berwick,  1. 

The  following  alterations  are  recorded  : — 

Some  encroachment  of  the  sea  takes  place  in  the  neighbourhood  of 
Stranraer.  Concrete  walls  now  protect  an  endangered  road  ;  a  break- 
water, piles,  Ac.  have  been  built  at  the  head  of  the  loch  and  groynes 
erected  at  Broadstone  (1 J  miles  N.W.  of  Stranraer). 

No  other  change  is  on  record  until  we  reach  the  eastern  coast  of 
Sutherland,  where  at  Helmsdale,  behind  the  west  pier,  there  has  been 
some  loss  of  land.  This  is  now  partially  stayed  by  a  breastwork  of 
wooden  piles.  No  gravel  is  removed.  In  Banff  a  slight  loss  occurs  to 
the  east  of  Portsoy  Harbour,  and  stones  <kc.  are  constantly  removed. 

The  southern  part  of  the  Kincardine  coast  suffers  loss  in  two  adjacent 
places  :  first  at  Gourdon  through  the  shingle  being  removed  for  indus- 
trial purposes,  and  the  absence  of  groynes  ;  second  in  the  neighbour- 
hood of  Johnshaven,  where  the  loss  occurs  about  300  yards  south  of  the 
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C.G.S.  and  between  East  and  West  'Mathers,'  on  the  Lawrencekirk 
estate  The  damage  is  done  by  south-easterly  winds  and  spring  tides, 
and  a  short  wall,  60  feet  long,  has  been  built  300  yards  south  of  Johns- 
haven  to  save  the  land.     No  shingle  is  removed. 

Part  of  the  sandy  shore  has  been  removed  by  the  sea  between  East 
and  West  Haven,  Carnoustie  (Forfar).  There  are  no  groynes,  and  beach 
material  is  occasionally  removed  by  the  permission  of  the  factor  of  the 
estate. 

The  cliffs  in  certain  parts  of  St.  Andrews  Bay  are  being  worn  away 
by  the  sea,  and  near  the  town  have  to  be  supported  by  masonry  and  con- 
crete walls.  Within  the  past  three  years  several  cases  of  landslip  are 
recorded.  As  before  no  groynes  have  been  built,  and  material  is  taken 
from  the  east  sands  by  contractors  for  building  purposes. 

The  only  gain  in  land  from  the  Scottish  coast  is  reported  from 
Burntisland  owing  to  the  accumulation  of  sandbanks  on  the  foreshore ; 
much  sand  is  dredged  for  the  construction  of  the  new  docks. 

Finally,  in  the  counties  of  Haddington  and  Berwick,  from  Pcfferbnm 
to  St.  Abb's  Head,  a  distance  of  29  miles,  a  loss  of  cliff  takes  place  at 
spring  tides  with  north-easterly  gales.  The  coast  is  unprotected,  and  no 
shingle  <&c.  is  removed. 

England. 
Fr<m  St.  Abb's  Head  to  Saltbum. 

The  changes  on  this  coast  appear  to  be  insignificant,  but  losses  are  re- 
corded in  the  neighbourhood  and  to  the  north  of  Hartlepool,  near  Shields, 
and  on  the  northern  side  of  Blyth,  the  latter  part  being  now  protected. 
On  the  other  hand,  small  gains  of  land  are  reported  from  Holy  Island 
Sands  and  St  Gan  Breakwater,  Redcar.  As  regards  the  coast-protections 
Berwick  is  shielded  by  a  pier,  while  Newliggin  and  Cresswell  (Wansbeck 
^oad  to  Chevington  Bum)  are  groyned.  South  of  this  section  the  list  of 
coast-protections  given  in  the  returns  apparently  understates  the  truth, 
nothing  of  the  kind  being  mentioned  from  Tynemouth  and  South  Shields. 
The  northern  side  of  Blyth  Harbour  is  protected  by  a  wall,  and  piers 
have  been  built  at  Sunderland  and  Hartlepool.  At  the  latter  town  the 
sea-  and  dock-walls  have  a  tendency  to  keep  the  sand  in  the  bay.  The 
^concrete  pier  erected  at  Skinningrove  is  said  not  to  affect  the  beach. 

Sand  is  removed  from  Berwick,  Bamburgh,  the  Amble  and  Hauxley 
district  (Alnmouth),  from  the  neighbourhood  of  North  Shields  (from  Brier 
Dene  Bum  to  Low  Light),  Sunderland,  and  the  north  of  Seaham,  and 
from  Saltbum.  On  the  contrary  it  is  not  removed  from  the  ten  miles  of 
<X)ast  between  Wansbeck  River  and  Brier  Dene  Bum  (Blyth  Haven)  from 
S.  Shields  to  Souter  Point,  and  from  Seaham  Harbour  and  Hawthorn  Hive. 

Tl^e  Yorkshire  Coast  south  of  Saltbum, 

For  the  stretch  of  coast  between  Saltbum  and  Scarborough  Bay  no 
returns  have  been  received,  but  for  the  important  district  between  Filey 
Point  and  Spurn  Head  the  records  are  complete,  and  the  following  may 
be  taken  as  a  general  summary. 

Between  Fiiej  Point  and  Flamborough  Head  the  coast  line  is  practi- 
cally stationary,  except  in  Filey  Bay,  from  Filey  Brig  to  the  King  and 
Queen  Rocks  at  Speeton,  where  the  average  loss  for  some  twenty-eight  years 
is  about  3  feet  per  annum.   On  the  southern  side  of  Flamborough  Head  the 
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rate  of  erosion  is  about  the  same.  The  town  of  Filey  is  protected  by  a 
sea-wall.  No  groynes  exist  at  Speeton,  and  shingle  and  sand  are  being 
constantly  removed  during  the  winter  months  ;  but  on  the  southern  side 
of  Flamborough  Head  (at  Sands  Road),  one  groyne  has  been  built  which 
retains  the  beach  sufficiently  to  enable  carts  to  get  down  to  and  to  remove 
the  sand.  This  loss  is  stated  to  have  no  apparent  effect.  At  Bridlington 
Quay  parades  and  a  sea- wall  prevent  subsidence  to  the  north  and  south  of 
Bridlington  Harbour,  where  there  was  formerly  an  annual  los£  of  about 
six  feet.  Files  are  driven  in  close  to  the  sea-wall,  and  groynes  prevent 
the  scour  of  the  beach  and  retard  the  travelling  sand  and  shingle.  To  the 
north  of  Wilsthorpe  Gap  groynes  protect  the  beach,  but  do  not  prevent 
subsidence  of  the  cliff.  At  Flamborough  Head,  Bridlington  Bay,  fresh- 
water springs  cause  the  initial  slipping  of  the  cliff.  The  Divisional  Officer, 
writing  from  Bridlington  Quay  concerning  the  coast  from  3|  miles  north 
of  Filey  Brig  to  Grimston  Garth,  9  miles  south  of  Hornsea,  states  that 
shingle,  sand,  and  stones  are  removed  from  most  places,  except  from  Atwick 
Gap  to  Garton  Gap,  where  the  beach  is  protected  by  order  of  the  Board  of 
Trade.  Along  this  coast,  from  Bridlington  Quay  to  Spurn  Head,  practi- 
cally the  whole  coast  is  receding  at  an  average  rate  of  6  feet  per  annum, 
where  not  especially  protected,  as  in  Bridlington  Harbour. 

Groynes  exist  at  Hornsea,  both  to  the  north  and  south  of  the  village,, 
and  keep  the  shingle  in  place  ;  elsewhere  the  loss  appears  to  be  between 
3  and  4  feet  per  annum.  At  Withemsea  groynes  in  a  very  bad  state  of 
repair  are  placed  100  yards  apart,  but  the  average  annual  loss  is  9  feet 
per  annum.  Shingle  is  not  removed.  At  Sandlemere  and  Hompton  an 
annual  loss  of  9  feet  per  annum  is  also  recorded. 

From  Kilnsea  Warren  to  Spurn  Point,  a  distance  of  4  miles,  groynes 
retain  and  build  up  a  good  beach  ;  nevertheless  the  annual  loss  is  given 
as  6  feet.  Three  observations  of  definite  change  witnessed  have  been 
supplied  on  Form  II.  The  first  relates  to  a  large  fall  of  clay  in  June  1899 
at  Pampletine  Cliff,  Filey.  The  mass  was  60  yards  in  length  by  9  yards 
in  breadth,  having  a  depth  of  some  100  feet.  Such  slips,  which  are  not 
uncommon,  are  produced,  not  merely  by  the  encroachment  of  the  sea,  but 
also  through  heavy  rains  and  springs.  At  Ulrome  (between  Hornby 
Bunnell  and  Atwick^  about  15  feet  of  cliff  disappeared  in  1899 ;  the 
average  annual  rate  is  estimated  at  6  feet.  The  cause  is  locally  attri- 
buted to  the  scarcity  of  sand  at  the  base  of  the  cliff;  and  it  is  noted 
that  the  loss  is  greatest  where  the  cliffs  are  highest. 

An  undated  report  (probably  1899-1900)  from  Kilnsea  records  a  very 
rapid  loss  of  land.  In  two  months  these  slips  reached  the  extent  of 
50  yards  inland  and  100  yards  in  length,  and  occurred  at  intervals  along 
some  five  miles  of  coast.  Additional  information,  received  in  July  1903, 
from  Withemsea  states  that  a  large  quantity  of  cliff  has  been  washed 
away  since  1899  or  1900  from  Wareholme,  Garton,  and  Dimlington. 

The  shingle  is  not  removed  from  Hornsea  to  Kilnsea. 

The  Humher  Estua/ry, 

The  records  for  the  Estttary  of  the  Humber  are  also  fairly  complete 
up  to  and  beyond  Barton.  On  the  northern  bank  Cherry  Cob  Sands  and 
Bunk  Island  Sands  show  slight  gains,  due  to  the  building  of  five  chalk- 
stone  groynes.  On  the  southern  bank,  the  more  northeriy  part  of  Clee- 
thorpes  shows  some  gain  :  it  is  protected  by  a  sea  wall  and  groynes. 
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Also  at  Tetney  Haven,  to  the  south  of  Cleethorpes,  sediment  is  deposited 
upon  the  foreshore  for  an  area  of  some  2J  miles  in  length  and  ^  mile  in 
width  at  spring  tides.  The  observations  extend  as  far  south  as  North- 
cotes  Point.  The  low  and  muddy  shores  of  Marfleet  and  Paull,  on  the 
northern  bank,  show  no  change,  but  variable  erosion  is  reported  from  Barton 
and  Killingholme,  where  the  shore  is  unprotected,  and  on  the  southern 
shore  of  Cleethorpes  through  heavy  gales.  Nearly  all  the  southern  bank 
of  the  estuary  is  protected  by  sea-walls  or  groynes.  At  Killingholme  the 
clay  banks,  their  summits  6  or  8  feet  above  the  beach,  are  covered,  more 
or  less  completely,  by  an  apron  of  chalk  and  ironstone.  A  shingle  bank 
is  said  to  be  accumulating  on  the  northern  shore  of  South  Killingholme 
Haven,  and  a  large  sandbank  in  the  river  between  North  Terriby  and 
Hessle.  In  the  neighbourhood  of  Terriby  Hall,  Barton  Cliff,  and 
Barton  Ness  (Barton- on-Humber)  the  recorded  loss  is  from  4  to  6  feet 
in  2^  years.  Small  groynes  have  been  built  from  the  Rifle  Butts  (3  miles 
west  of  Hull)  to  North  Terriby,  but  are  said  to  have  no  effect  on  the 
beach.  Docks  and  piers  occupy  part  of  the  bank  between  Barrow  Haven 
and  Chalk  Point,  and  stones  have  been  deposited  to  protect  the  banks  near 
Barton  Cliffs.  Apparently  erosion  in  the  estuary  of  the  Humber  is  not 
very  serious,  for  (in  July  1903)  the  loss  of  land  at  Barton- on- Humber  is 
said  to  have  been  imperceptible  since  1899,  while  at  Killingholme  no 
change  has  been  recorded  in  the  same  time.  At  Cleethorpes,  however, 
about  20  feet  of  bank  have  been  washed  away  in  this  period ;  but  the 
sea-wall  is  now  being  extended  for  J  mile  E.S.E.  to  protect  the  part  in 
question. 

Lincolnshire  and  the  Wash, 

Along  the  remainder  of  the  Lincolnshire  coast,  the  borders  of  the  Wash, 
and  the  Norfolk  coast  as  far  east  as  Salthouse  at  Lower  Sheringham  the 
losses  of  land  are  also  insignificant.  From  Northcotes  Point  (south  of  the 
Humber  estuary)  as  far  south  as  Ingoldmells  Point  losses  occur  at 
Sutton-le-Marsh  and  Chapel  St.  Leonards.  Elsewhere  the  coast-line  is 
stationary.  At  Anderby  there  are  no  groynes  and  the  shore  is  fringed 
with  sandhills  covered  by  gorse  and  grass ;  while  from  Theddlethorpe 
northwards  it  is  protected  by  groynes  at  intervals.  At  Chapel  parts  of 
the  sandbank  are  washed  away  during  each  winter,  but  the  shore  is  pro- 
tected by  groynes  and  faggots,  which  help  to  make  up  the  banks.  No 
sand  is  removed  for  any  purpose.  In  the  neighbourhood  of  Sutton  and 
Mablethorpe  the  low  sandy  beach  suffers  a  similar  loss,  and  the  shore, 
moreover,  is  unprotected  by  groynes.  As  at  Chapel,  no  sand  or  shingle  is 
allowed  to  be  removed. 

On  the  remaining  Lincolnshire  coast,  and  that  of  Norfolk  as  far  as 
Salthouse,  but  one  loss  is  on  record — viz.  between  Old  and  New  Hun- 
stanton. The  contrary  is  the  case  in  many  parts  of  the  Wash  ;  thus  from 
Lynn  Cut  to  Woolen  Creek  the  sea  has  apparently  been  receding  during 
the  last  five  years,  and  land  once  under  water  is  now  covered  only  by 
high  spring  tides.  Banks  are  built  to  keep  back  the  sea  and  reclaim  the 
land  for  cultivation.  The  same  system  is  adopted  east  of  Sutton  Bridge 
(near  mouth  of  the  river  Nene),  where  the  last  inclosure  (1899)  was 
made  in  1865.  From  the  south  point  of  Fleethaven  to  the  Lighthouse 
(river  Nene),  Drove  End  detachment  C.G.S.,  the  land  is  reported  to  be 
gaining  on  the  sea.  Tt  is  protected  by  banks  near  Freiston  and  Butter- 
wick  on  the  western  side  of  the  Wash.     At  Ingoldmells  C.G.S    piers 
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tend  to  keep  the  sand  and  shingle  up  to  the  banks.  Beach  material  (or 
mud  locally)  is  removed  from  the  neighbourhood  of  Ingoldisthorpe,  the 
river  Witham,  and  Skegness*  The  low  coast  of  the  last-named  place 
is  unprotected  by  groynes. 

East  Anglia, 

Entering  the  East  Anglian  coast  at  Salthouse  we  find  an  almost  con- 
tinuous record  of  erosion  as  far  south  as  Harwich.  But  four  gains  of  land 
are  recorded  and  but  one  stationary  coast-section  (Sizewell).  Taking  the 
gains  of  land  first,  we  note  that  a  local  increase  is  recorded  opposite  the 
O.G.S.  at  Winterton  ;  and  at  North  Yarmouth,  where  the  increase  is 
supposed  to  arise  from  the  piers  and  jetty  stopping  the  shingle  travelling 
from  the  north.  The  third  locality  which  shows  a  gain  is  the  coast  to 
the  north  of  Orford  Ness,  and  that  without  the  aid  of  groynes,  while  the 
fourth  and  most  southerly  is  on  the  eastern  bank  of  the  river  Deben.  On 
the  western  side  of  the  river  the  sea  is  encroaching.  The  gain  at  Winter- 
ton  appears  to  be  purely  local ;  since  both  to  the  north  and  south  of  the 
O.G.S.  losses  occur  in  spite  of  three  groynes  to  the  north  of  the  station. 

Losses  are  reported  from  all  other  stations  (nineteen  in  number),  with 
the  exception  mentioned  above  at  Sizewell,  where  the  coast  line  is  said  to 
be  stationary.  The  erosion  necessarily  varies  greatly  from  point  to  point, 
but  may  be  taken  as  from  6  feet  to  9  feet  per  annum.  An  exceptional 
•case  is  that  of  the  Low  Lighthouse  on  Lowestoft  Ness,  which  has  been 
moved  back  249  feet  in  consequence  of  a  loss  to  the  headland  on  which  it 
4Btood  of  120  feet  in  the  year  (probably  1899).  Out  of  twenty-four  coast- 
guard stations  sixteen  are  reported  as  being  protected  by  groynes ;  the 
•exceptions  are  Orford  Ness  and  to  the  north,  the  coast  south  of  Great 
Yarmouth,  and  north  of  Happisburgh. 

Shingle  is  removed  from  twelve  stations  along  the  coast,  Shering- 
bam,  Cromer  (by  Lords  of  the  Manor  and  Urban  District  Council), 
Mundesley,  Bacton,  and  Happisburgh  (above  high-water  mark),  Winterton 
{in  quantity),  Oaister  (except  between  Scratby  and  the  lifeboat  house, 
Caister),  N.  Yarmouth,  Gorleston,  Thorpe  (in  small  quantities),  Orford 
Haven,  and  Felixstowe  (between  Beach  Station  Road  and  Martello 
Tower  Q). 

Taking  the  various  stations  in  order,  the  following  details  may  be 
noted  as  being  of  interest.  Information  from  Weyboume  (Clay  Sluice  to 
Sparrow  Gap)  is  that  *  most  of  the  shingle  beach  for  a  quarter  of  a  mile 
to  the  west  of  the  station  was  washed  away,  but  is  now  coming  back, 
while  6  yards  of  cliff  have  been  washed  away  to  the  eastward  of  the 
station  during  the  eight  years  the  present  occupier  has  been  in  charge ' 
[up  to  July  1903].  At  Sheringham  six  groynes  exist,  and  have  made  an 
improvement  in  the  beach,  and  a  sea-wall  is  under  construction.  At 
Cromer  the  ooaat  is  protected  by  six  permanent  or  pile-driven  groynes  and 
twenty-four  Case  groynes.  Occasional  large  landslips  and  frequent  small 
landslips  occur.  Several  important  ones  are  recorded  in  1899,  1901,  and 
1902  along  the  coast  from  Runton  to  Sidestrand :  they  varied  from 
100  to  160  yards  in  length  and  18  to  70  yards  in  depth.  Eight  wooden 
groynes  have  been  built  at  Mundesley,  by  which  the  shingle  is  at  times 
retarded,  but  at  others  it  is  scoured  away.  Several  falls  of  cliff  have 
taken  place  since  1899.  At  Cox's  Point  the  sea  is  said  to  have  gained 
20  yards  since  that  date,  and  the  annual  loss  over  about  five  miles  of 
coast  is  estimated  at  5  yards.  ,  , 
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At  Happisburgh  the  groynes  put  down  in  1893  were  carried  away  by 
gales  in  1895,  and  the  annual  loss  is  estimated  at  9  feet ;  but  the  writw 
was  informed  in  July  1903  that  the  yearly  loss  between  Harboro'  Gap 
and  Ostend  Gap  is  about  a  foot. 

Five  groynes  have  been  placed  *  near  Eccles  steeple/  and  prevent  the 
beach  from  scouring  away,  while  ridges  of  thorns  are  placed  in  trenches 
at  the  foot  of  the  sandhills.  The  average  height  of  these  hills  is  15  feet. 
Since  1899  an  encroachment  of  8  to  12  feet  has  taken  place  betweea 
Eccles  Point  and  Horsey  Gap,  the  greatest  loss  being  at  Eccles  Beach. 

For  one  mile  north  of  Winterton  Ness  there  has  been  an  annual  loss 
of  about  6  feet,  with  *  a  corresponding  gain  to  the  south  of  that  point/ 

A  similar  loss  is  recorded  between  California  and  Caister  Points,  but 
groynes  erected  by  the  Midland  Hail  way  Company  1^  mile  north  of 
Caister  have  there  caused  an  increase  of  sand  and  shingle. 

The  cliff  north  of  Baker's  Score  at  the  end  of  Corton  village  sustains 
an  annual  loss  of  3  feet,  but  erosion  is  prevented  south  of  this  point  by 
Mr.  Colman's  defences.  North-easterly  winds  appear  to  be  very  destruc- 
tive to  this  coast  (and  also  easterly  and  south-easterly),  since  by  removing 
the  beach  they  allow  the  tide  to  get  close  up  to  the  cliff.  With  westerly 
winds  the  sand  again  makes  up  to  the  depth  of  4  or  5  feet. 

Between  1899  and  1903  about  50  yards  of  land  have  been  washed 
away  from  Pakefield  Cliff  for  the  length  of  a  mile ;  but  opposite  the 
coastguard  station  (at  Lowestoft)  a  gain  of  20  yards  has  taken  place  for 
a  length  of  some  600  vards.  A  report,  dated  February  1900,  remarics 
that  the  footpath  has  oeen  lost  between  the  lighthouse  and  the  R.N.B* 
battery  through  high  tide  and  wind.  The  heavy  loss  on  Lowestoft  Ness 
has  b^n  referred  to  above.  From  Kessingland  C.G.S.  an  outline  of  the 
coast  has  been  forwarded  i(f rom  Pakefield  Gap  to  Covehithe,  a  distance  of 
about  6  miles)  contrasted  with  its  appearance  fifty  years  ago,  i.e.  in  1849. 
During  that  time  the  shore  has  receded  nearly  1,200  feet  to  the  north 
of  Kessingland  Church  and  at  Covehithe. 

Around  Southwold  an  encroachment  of  30  to  40  feet  has  taken  place 
since  1899,  giving  an  average  yearly  loss  of  10  or  12  feet  from  Covehithe 
to  Dunwich  (6^  miles)  ;  and  in  a  report  of  earlier  date  the  estimate  is  still 
higher.  From  500  yards  north  to  500  yards  south  of  Thorpe  C.G.S.  the 
sea  has  encroached  (August  1899)  150  feet  since  1882  ;  a  northerly  wind 
greatly  increases  the  height  of  the  tide,  and  there  are  no  groynes  or  other 
protection.  Between  East  Lane  O.G.S.,  Bawdsoy,  and  Woodbridge  EEaven 
there  has  been  a  yearly  loss  since  February  1900  of  about  15  feet,  appli- 
cable to  1|  mile  of  coast.  Groynes  have  been  built  locally.  Between 
Felixstowe  Pier  and  Felixstowe  Point  (2|  miles)  the  coast  gains  through 
being  groyned.  North-easterly  winds  tend  to  wash  the  beach  to  tiie 
southern  side  of  the  groynes,  south-westerly  to  the  northern.  A  southerly 
wind  tends  to  make  the  beach,  a  northerly  having  the  contrary  effect. 

Groynes  have  been  built  at  intervals  along  the  Sheringham,  Cromer, 
Overstrand,  Mundesley  stretch  of  coast.  As  above  mentioned,  they  existed 
formerly  at  Happisburgh  ;  while  allusion  has  been  made  to  those  built 
at  Eccles,  Winterton,  and  Caister.  Immediately  to  the  south  of  Great 
Yarmouth  the  coast  is  unprotected ;  but  groynes  have  been  constructed 
locally  between  Gorleston  and  Corton.  Lowestoft  and  Southwold  have 
certain  coast-defences  ;  the  south  beach  at  the  former  place  has  a  system 
of  Case  groynes ;  and  thirty  have  been  constructed  at  Southwold,  where 
they  are  stated  to  have  a  good  effect.  .  -t)  r-^  .  .  j  > 
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The  Eessingland  and  Dunwioh  coasts  are  unprotected,  and  no  beach 
is  removed  with  the  exception  mentioned  below.  At  Coney  Hill,  near 
Misner  Haven,  one  groyne  has  been  placed  ;  here  also  nothing  is  taken 
away  for  industrial  or  other  purposes.  Southwards  groynes  have  not  beea 
erected  ;  but  Orford  Haven  is  partly  groyned,  as  is  the  coast  from  Bawd- 
sey  to  Woodbridge  Haven.  The  effect  is  to  collect  the  shingle,  of  which 
none  is  taken  away. 

At  Felixstowe  (to  the  entrance  to  Harwich  Harbour)  a  sea  wall  was 
in  course  of  erection  in  August  1899,  a  few  yards  above  H.W.M.O.S.T., 
between  Landguard  Lodge  and  Beach  Station  Road.  Between  Towers 
Q  and  R  (and  also  extending  round  Felixstowe  Point)  groynes  have 
been  constructed  ;  but  these  were  partly  washed  away  during  heavy 
weather.     The  effect  of  the  wind  on  the  beach  has  been  already  noticed. 

Two  reports  have  been  received  relative  to  the  erection  of  new  coast 
defences.  At  Cromer  these  refer  to  the  extension  of  the  pier  and  the 
promenades  ;  at  Bacton  to  the  building  of  a  sea-wall  of  concrete  between 
Walcott  and  Ostend  Gaps  (report  received  in  June  1899).  Especial  men- 
tion should  be  made  of  the  large  quantity  of  shingle  removed  (February 
1900)  from  above  high-water  mark  along  the  coast  50  yards  north  oi 
Dunwich.  This  has  been  done  by  order  of  the  Blything  Rural  District 
Council. 

Essex. 

Concerning  the  coast  from  Harwich  to  the  Roach  Eiver,  observations 
from  thirteen  stations  provide  evidence  of  little  change,  since  ten 
record  no  alteration — a  result  no  doubt  of  the  artificial  protections. 

A  gain  is  reported  from  Walton-on-the-Naze  following  the  lengthening 
of  the  pier,  and  a  loss  from  near  Harwich  Harbour,  where  the  sea-wall  is 
broken  in,  with  local  slips  at  Clacton  at  unguarded  spots.  Every  station 
is  protected,  usually  with  sea  walls ;  while  Harwich,  Walton,  Clacton, 
and  the  eastern  side  of  Mersea  Island  are  provided  with  groynes. 
Shingle  is  removed  in  small  quantities  from  Harwich,  Clacton,  Colne 
Point,  and  from  the  southern  side  of  the  Blackwater  River. 

Kent  and  East  Sussex. 

The  next  reports  are  sent  from  the  mouth  of  the  Medway,  and  we 
may  consider  the  Kentish  together  tvith  the  Sussex  coast  as  far  tuest  as 
Goring,  near  WortJUng.     (Sheet  20  and  24  of  the  4  miles=l  inch  map.) 

We  have  to  deal  with  seventy -three  observations,  amongst  which  six 
gains  of  land  are  recorded. 

Taking  these  first,  a  gain  of  60  feet  in  seven  or  eight  years  is  reported 
from  Walmer,  and  from  Kingston  in  the  same  neighbourhood  (south  of 
Deal).  The  beach  also  accumulates  between  Littlestone  and  Greatstone, 
and  southwards  almost  to  the  point  of  Dungeness  ;  indeed  Littlestone 
Point  is  said  to  have  lengthened  out  100  to  150  yards  in  the  last  three 
years  (up  to  1899).  This  report,  dated  from  Romney  C.G.S.,  records 
that  *  the  whole  of  the  Hoy  has  been,  and  the  mouth  of  the  Hoy  is  now, 
thickly  ^goted  in  square  patches  representing  small  square  fields, 
which  by  accumulating  mud  and  sand  are  gradually  filling  up  the  Hoy 
to  nearly  tide  level.' 

Gains  occur  at  Rye  Harbour,  Newhaven  Harbour  (insignificant),  and 
:at  New  Shoreham.     The  first  place  is  protected  by  groynes  and  a  sea-w^ll. 
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On  the  western  side  flints  are  collected  and  sent  to  Stafford  for  the  manu- 
facture of  pottery,  and  sand  and  gravel  are  removed  for  making  concrete 
And  for  building  purposes.  At  Shoreham  groynes  have  been  placed 
1^  mile  west  of  the  harbour,  and  accumulate  the  shingle  <&c. 

Comparing  the  erosion  which  occurs  on  the  various  parts  of  the 
Kentish  coast,  it  would  appear  that  the  northern  shore  is  the  greatest 
sufferer,  the  amount  of  erosion  decreasing  in  passing  from  the  eastern  to 
the  southern  coast  and  the  borders  of  Sussex.  Omitting  those  localities 
where  the  shingle  gains,  and  also  those  where  there  is  a  loss  in  one  place 
and  a  gain  at  another,  as  in  parts  of  Rye  Bay,  the  relative  losses  on  the 
three  parts  of  the  coast  may  be  roughly  expressed  by  the  figures  61,  59, 
and  54,  these  representing  percentages  of  loss  on  the  total  number  of 
observations. 

As  before,  various  points  of  interest  will  be  noticed  in  sequence  in 
passing  round  the  coast.  In  the  parish  of  Minster,  Sheppey,  about  two 
■acres  of  cliff  fell  in  January  1903,  half  way  between  the  Coastguard  Flag- 
staff and  Bell  Farm. 

Eastward  very  little  change  is  reported  from  Whitstable  since  1899, 
•except  for  a  slight  increase  of  shingle  near  the  old  coastguard  buildings 
at  Swale  Cliff,  with,  however,  a  considerable  loss  near  the  new  station, 
where  in  May  1903  about  an  acre  fell,  and  the  whole  edge  is  reported  as 
4aeeming  to  be  in  a  crumbling  condition. 

At  Heme  Bay,  from  Hampton  west  of  the  old  pier  to  Hampton 
Point,  a  distance  of  a  mile,  a  report  dated  July  1903  records  falls 
of  cliff  owing  to  the  beach  being  scoured  away.  Near  Hampton  the 
yearly  loss  has  been  15  to  20  yards,  but  gradually  less  northward 
for  the  remainder  of  the  cliff.  Moreover,  the  loss  of  land  increases 
rapidly  each  year.  Hampton  Pier  causes  a  scour  to  the  west,  but 
collects  the  shingle  on  its  eastern  side.  To  the  west  of  this  pier  four  Case 
groynes  have  been  erected  to  protect  the  cliff. 

Frequent  slips  and  falls  of  cliff  occur  at  Reculvers  during  the  rainy 
4season  after  a  long  period  of  dry  weather  or  when  a  thaw  sets  in  after  a 
frost.  No  important  changes  are  reported  since  1899  between  Cold 
Harbour  on  the  east  and  Beltinge  Lane  on  the  west,  but  the  cliff  between 
Reculvers  and  Heme  Bay  loses  about  4  feet  per  annum.  Groynes  have 
been  erected  by  the  High  Commissioner  of  Sewers,  by  Mr.  A.  Collard  and 
Miss  A.  Monckton.  For  a  mile  W.S.W.  of  Birchington  Station  towards 
Heculvers  the  average  yearly  loss  through  falls  of  the  cliff  has  been  6  feet. 
At  the  termination  of  the  cliff  groynes  are  placed,  and  cause  a  large 
accumulation  of  shingle  which  is  not  removed. 

From  the  ecist  end  of  Margate  to  the  North  Foreland  the  annual  loss 
of  land  is  about  one-tenth  of  an  acre,  for  heavy  falls  of  the  chalk  cliff 
take  place  in  wet  or  frosty  weather. 

From  the  North  Fore^nd  to  Dumpton  Gap  (Broadstairs  C.G.S.)  four 
falls  of  cliff  took  place  in  1901,  and  three  in  1903,  the  average  yearly  loss 
since  1899  being  about  one-flfth  of  a  foot.  For  one  mile  south  of  the  coast- 
guard station  at  No.  2  Battery,  Deal,  the  annual  loss  is  12|  feet.  South 
of  this  again  the  coast  is  stationary,  while  at  Kingsdown,  as  above 
mentioned,  the  beach  is  '  making '  to  the  north  of  the  station.  To  the 
south,  however,  the  loss  has  been  heavy.  A  carriage  drive  formerly 
existing  south  of  this  station  to  St.  Margaret's  Bay  is  now  destroyed, 
although  a  margin  of  50  yards  of  land  lay  once  on  its  seaward  side.  At 
high  spring  tides  the  sea  now  reaches  the  base  of  the  cliffs.  To  the  north 
of  the  coastguard  station  shingle  is  removed  in  large  quantities.  q[£ 
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The  losses  of  cliff  at  St.  Margaret's  Bay  form  the  subject  of  a  number 
of  reports  on  Form  II,  In  February  1900  between  400  and  500  tons  of 
chalk  fell  from  the  western  end  of  the  bay ;  in  March  of  the  following 
year  the  sea  made  breaches  in  the  foreshore  ;  while  in  December  two  falls 
are  reported  of  100  and  500  tons,  the  first  one  mile  N.E.  of  the  bay,  the 
second  half  a  mile  S.W.  of  South  Foreland  High  Light.  In  February  of 
1902  800  tons  of  chalk  fell  from  the  cliff  200  yards  east  of  Comhill 
C.G.S.,  while  in  November  and  December  of  the  following  year  a  fall  of 
100  tons  of  chalk  took  place  about  one  mile  north  of  the  bay,  and  one  of 
1,500  tons  from  *  Fan  Bay,'  600  yards  east  of  Comhill  C.G.S.  In  March 
of  the  same  year  (1903)  the  sea,  aided  by  a  strong  wind  from  the  N.N.W., 
<cut  into  the  foreshore  between  North  Point  and  Ness  Point  at  various 
places ;  some  of  the  hollows  thus  formed  were  100  feet  in  length  with 
s,  width  of  30  to  50  feet. 

At  Black  Rock  (the  eastern  end  of  Dover  Parade)  the  sea  has 
encroached  about  40  feet  in  the  space  of  twenty  years.  The  works 
at  Dover,  now  nearing  completion  (July  1899),  are  probably  the  cause 
of  certain  alterations  in  the  beach.  Thus  in  the  winter  of  1898  the 
shingle  was  taken  away  by  the  sea  from  a  point  600  to  700  yards  east  of 
the  Promenade  Pier  and  collected  at  the  western  extreme.  The  Dover 
Harbour  Board  are  placing  two  new  groynes  with  the  intention  of  recover- 
ing it. 

At  Sandgate  extensive  damage  has  been  done  to  the  foreshore  and 
sea-wall  during  the  ten  years  from  1899.  Groynes  have  been  built  and 
act  favourably  in  retaining  the  beach. 

Near  Hythe  the  tram  lines  near  the  old  Lifeboat  House  have  been 
undermined,  and  No.  17  Martello  Tower  is  considered  to  be  dangerous 
for  the  same  reason. 

To  the  S.W.  the  coastguard  station  at  St.  Mary's  has  been  given  up 
by  reason  of  the  encroachment  of  the  sea.  Here  the  groynes  are  reported 
to  have  but  little  effect  on  the  travelling  shingle,  although  a  temporary 
accumulation  of  sand  may  be  produced  in  the  summer.  The  heads  of 
these  groynes  *  are  a  long  way  from  the  beach,'  and  the  east  winds  carry 
the  shingle  on  towards  Dungeness  or  Greatstone  Point. 

The  coast  around  Dungeness  is  of  considerable  interest.  As  above 
mentioned,  gains  are  reported  on  the  lee  side,  i,e,  to  the  north  of  the 
head,  for  some  6  miles  ;  but  at  the  point  itself  and  to  the  W.S.W.  variable 
conditions  obtain.  During  the  months  of  January  and  February  1899 
•about  12  yards  of  beach  inland'  were  washed  away  by  the  sea:  the 
«xact  position  is  not  stated,  but  presumably  from  the  western  side.  A 
report,  dated  July  1903,  records  an  average  gain  to  the  shore  at  the 
Point  of  about  12  or  15  feet  per  annum,  with,  however,  losses  to  the 
westward  of  about  4  to  6  feet,  the  district  included  being  from  Dungeness 
Point  to  three  miles  westward.  It  is  worth  remarking  that  two  new 
lighthouses  are  being  built.  From  1^  to  3  miles  west  of  Dungeness  light- 
house the  average  loss  to  the  coast  is  3  feet  per  annum  (1903),  an  earlier 
observer  remarking  that  the  *  former  Hope  and  Anchor  Inn  is  now  on 
fold  of  beach,  and  extraordinary  spring  tides  wash  the  base.'  A  few 
groynes  have  been  constructed  to  protect  the  sluice  that  drains  Dengemarsh, 
and  in  1902  a  new  groyne  was  bud  down  at  Dengemarsh  Gut. 

To  the  north-east  of  Hastings,  at  Haddocks,  Fairlight,  and  Eccles- 
boume,  falls  of  cliff  are  frequent,  and  at  Bexhill  information  gathered 
from  a  member  of  the  coastguard  who  has  known  this  part  of  the  coast 
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from  1857  states  considerable  encroachments  of  the  sea  from  the  date 
mentioned  to  1899.  It  is  reported,  in  addition,  that  the  groynes  laid  down 
as  ftir  as  Clynde  Arch  have  no  apparent  effect  on  the  beach,  but  removal 
of  the  shingle,  formerly  allowed,  is  now  discontinued. 

Loss  of  the  cliff  is  reported  from  Birling  Gap  on  the  western  side  of 
Beachv  Head,  and  at  Crowlink  the  cliff  is  slowly  but  constantly  crumbling. 
A  slight  encroachment  is  noted  at  Cuckmere  owing  to  groynes  having 
been  constructed  at  Seaford,  3  miles  to  the  westward,  and  the  mouth  of 
Cuckmere  Haven,  recently  closed,  is  now  again  open  owing  to  the  con- 
tinual shifting  of  the  beach.  Very  little  material  is  removed.  From 
the  west  end  of  Seaford  Parade  for  three  quarters  of  a  mile  westward 
the  estimated  loss  is  4  feet  per  annum,  but  a  slight  gain  occurs  from  400 
yards  west  of  the  Buckle  Inn  to  Newhaven  Harbour.  At  Newhaven 
itself  falls  of  cliff  are  frequent,  and  the  large  breakwater  on  the  western 
side  of  the  entrance  to  the  harbour  stops  the  shingle  travelling  eastward. 

Passing  on  to  Brighton,  it  is  noteworthy  that  the  groynes  along  the 
sea  front  retard  the  shingle  from  working  east,  and  by  this  means  the 
cliff  from  the  Aquarium  eastwards  to  Boedean  is  laid  bare.  This  clifi 
constantly  crumbles  away  with  high  winds  and  spring  tides.  Two  wooden 
groynes  at  the  eastern  end  of  Bottingdean  Gap  prevent  the  shingle  working 
eastwards  with  south-westerly  gales.  Wooden  and  stone  groynes  have 
been  constructed  at  Hove  and  Southwick. 

The  loss  at  Goring  is  suggested  to  be  owing  to  defective  groynes,  and 
in  the  winter  a  few  years  ago  about  70  yards  of  a  field  adjoining  the  coast 
were  washed  away  during  high  spring  tides.  In  this  parish  no  beach 
material  is  removed. 

Other,  Comt'protectiona, — The  northern  coast  of  Kent  is,  on  the  whole, 
well  protected  with  groynes,  and  locally  by  sea-walls.  In  the  Isles  of 
Grain  and  Sheppey  five  stations  out  of  seven  are  protected  by  groynes  or 
a  sea-wall,  or  by  both.  From  Whitstable  Bay  to  Margate  every  station 
is  more  or  less  protected,  although  losses  are  mentioned  in  almost  every 
report.  At  Westgate,  since  1899,  a  slipway  has  been  built  and  a  groyne 
run  out  to  protect  the  new  promenade ;  also  the  five  groynes  in  St.  Mil- 
dred's Bay  are  now  completed.  The  cliff  around  Foreness  Point  and  the 
North  Foreland  is  unprotected  by  groynes,  while  those  existing  at  the  back 
of  the  harbour  at  Broadstairs  and  at  St.  Margaret's  Bay  are  said  to  have 
no  effect  on  the  shingle  or  sand.  It  is  noteworthy,  however,  that  flints 
and  sand  are  taken  away  from  the  beach  for  building  purposes.  The 
groynes  laid  down  at  the  northern  end  of  Deal  are  causing  the  shingle 
to  shift  further  north.  These  groynes  (apparently  the  same),  put.  down 
north  of  the  pier  in  1898,  retain  the  shingle  and  sand,  but  are  liable  to  be 
scoured  out  by  the  set  of  the  sea  after  north-westerly  to  north-easterly  or 
south-westerly  gales. 

From  Dover  to  Littlestone  ^New  Romney)  reports  from  eight  stations 
have  been  received  covering  the  entire  stretch  of  coast.  In  each  case 
protection  by  groynes,  faggots,  or  piers  has  been  afforded,  and  in  six  out 
of  the  eight  instances  these  are  effective  in  accumulating  shingle.  The 
alterations  in  the  harbour  works  at  Dover  render  any  precise  determination 
difficult  in  that  locality,  while  the  groynes  at  St.  Mary's  have  been  already 
mentioned.  From  Littlestone  round  Dungeness  Point,  as  far  as  the 
eastern  side  of  Bye  Harbour,  five  stations  out  of  seven  are  protected. 
Of  the  remaining  two  the  one  situated  immediately  north  of  Dungeness 
Point  shows  a  gain,  the  other  to  the  south  and  west  a  loss.     This  loss, 
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as  above  noted,  is  continDed  westward,  and  it  is  noteworthy  that  the 
noynes  are  few.  Eight  out  of  thirteen  reports  covering  the  coast  from 
Rye  Harbonr  to  the  northern  part  of  Eastbourne  mention  i^ore-proteo- 
tions  which  it  would  seem  are  effective,  with  the  exception  noted  above 
from  Bexhill. 

The  remainder  of  the  coast  included  in  this  section  of  the  report,  viz. 
from  Beachy  Head  to  Goring,  has  been  the  subject  of  fifteen  reports,  of 
which  ten  record  the  building  of  groynes  or  of  a  sea-wall.  Some  of  these 
have  been  already  mentioned ;  in  the  others  the  groynes  appear  to  be 
fairly  effective  in  accumulating  and  retaining  the  shingle  and  sand  at  the 
plac^  where  the^  have  been  erected. 

Beach  material  is  definitely  stated  to  be  taken  from  the  following 
places  : — 


The  Isle  of  Grain. 

The  western  side  of  Sheemess. 

Westgate-on-Sea. 

The  neighbourhood  of  Margate, 
Broadstairs,  and  Ramsgate. 

Kingsdown. 

Dover  (for  building  sea-wall 
under  Shakespeare's  Cli^. 

The  foreshore  at  Folkestona 

The  beach  belonging  to  the 
Hythe  Corporation. 

Rye  Harbour. 

Haddocks  (occasionally). 


The  eastern  side  of  Ecclesboume 
Station  (hard  stone). 

Hastings,  St.  Leonards  (at  the 
western  end),  and  formerly  from 
Bexhill. 

In  lai^  quantities  from  Lang- 
ney  (Pevensey  Bay). 

Portobello  (between  Newhaven 
and  Rottingdean). 

Shoreham. 

Sand  in  great  quantities  from 
Worthing. 


We6i  Susiexy  Hampehire,  the  Ide  of  Wight,  and  JEast  Dor$ei. 

The  next  section  of  coast  to  be  considered  is  comprised  in  Sheet  23  of 
the  4  miles  =  1  inch  map  (as  far  west  as  Portland  Sound  and  tn- 
duding  the  Ide  of  Wight).  Of  this  the  eastern  part  from  Goring  to 
Chichester  Harbour  shows  an  almost  uniform  loss,  the  coast  to  the 
south-west  of  Pagham  being  the  only  part  which  is  reported  as  stationary. 

From  East  I^ton  (near  Littlehampton)  a  loss  of  12  feet  took  place 
in  the  ten  years  ending  at  July  1899.  The  groynes  retain  the  travelling 
sand  and  shingle  to  a  great  extent,  but  beach  material,  chiefly  sand,  is 
removed  for  industrial  purposes. 

At  the  eastern  end  of  the  sea  front  at  Littlehampton  and  at  Elener 
Point  severe  gales  have  caused  an  encroachment,  but  groynes  stop  the 
eastward  movement  of  shingle,  and  the  removal  of  sand  tends  to  prevent 
the  blocking  up  of  the  harl]^ur-mouth. 

At  Felpham  the  sroynes,  which  when  in  proper  repair  retain  the 
shingle,  are  now  (1899)  practically  useless  througn  neglect,  and  a  loss  of 
40  feet  is  reportea  in  the  preceding  two  years,  a  road  and  pathway  having 
been  washed  away.  The  sea-wall  and  esplanade  are  being  lengthened  by 
the  Bognor  Urban  Council. 

The  eastern  side  of  Selsey  Bill  loses  ground,  and  groynes  have 
been  erected  to  prevent  this.  Only  small  quantities  of  gravel  are 
removed. 

Loss  also  takes  place  on  the  western  side  of  Selsey  Bill  for  some 
2|  miles  from  Corham's  Gap  to  Thomey  Bam,  the  damage  being  done 
by  heavy  south-westerly  winds  in  conjunction  with  spring  tides.     Groynes 
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have  been  built  to  aid  the  accumulation  of  sand  and  shingle,  of  which  but^ 
little  is  removed. 

From  East  Wittering,  Bracklesham  Bay,  an  average  of  20  feet  has 
been  washed  away  for  a  distance  of  2  miles  within  two  years,  due,  it  is 
supposed,  to  the  absence  of  groynes  or  other  protection  to  the  coast. 
Beach  material  is  not  removed. 

No  groynes  have  been  built  on  the  eastern  side  of  Chichester  Harbour, 
and  a  loss  of  land  is  reported,  as  a  result  of  high  tides  and  winds  which  by 
undermining  the  clifis  cause  small  falls,  while  the  neck  of  shingle  at  the 
entrance  to  the  harbour  is  being  gradually  driven  inwards  by  the  sea  in 
bad  weather.    No  beach  material  is  removed. 

The  coast  from  Chichester  Ha/rhowr  up  Southampton  WcUer  as  far  as 
WooUton  is  described  in  eleven  reports.  The  southern  side  of  Hayling 
Island  is  liable  to  inundation  when  strong  south  winds  occur  with  high 
tides ;  but,  with  this  reservation,  no  change  is  recorded,  except  a  landslip 
I  mile  west  of  Lee-on- Solent  (Stubbington),  where,  owing  to  heavy  rains 
and  strong  winds,  a  mass  of  cliff  100  yards  long  and  4  to  5  feet  deep  fell. 
The  coast  on  the  whole  is  well  guarded.  A  sea-wall  has  been  built  at 
Eastney  (small  quantities  of  shingle  are  occasionally  taken  by  the  Admiralty 
Works  Department),  and  groynes  at  Southsea,  which  prevent  loss  of 
beach  material,  none  of  which  is  removed.  The  neighbourhood  of  Stokea 
Bay  and  to  the  east  (Clay  Hall  C.G.S.)  is  also  well  protected.  Forts 
Blackburn  and  Haslar  are  provided  with  ten  wooden  groynes  which 
accumulate  shingle  for  the  protection  of  the  sea-wall  and  fort,  and  three 
others  at  Gilkicker  Point  cause  the  shingle  to  gather  and  form  a  pro- 
iecting  spit. 

Two  low  groynes  built  between  Stokes  Bay  Railway  Pier  and  Lee 
Point  have  no  eflfect. 

It  is  worthy  of  note  that  the  southern  part  of  Hayling  Island  i» 
unprotected,  and  that  the  shingle  and  sand  of  the  beach  are  removed  for 
industrial  purposes. 

On  Southampton  Water  rough  wooden  groynes  protect  Titchfield 
Haven,  and  the  groynes  have  been  built  near  Warsash  C.G.S.  ;  but  little 
shingle  is  removed,  though  mud  is  taken  from  the  Hamble  River  for 
cement  making. 

Ten  observations  from  the  northern,  eleven  from  the  southern  coast 
complete  the  circuit  of  the  Isle  of  Wight,  Five  records  on  the  mainland 
side  and  no  fewer  than  nine  on  the  southern  are  of  encroachment. 
From  no  locality  is  a  gain  of  land  reported.  Taking  the  northern  shore 
first,  we  may  note  that  no  appreciable  erosion  is  taking  place  along  the 
coast  from  Nettlestone  Point  to  West  Cowes.  Between  the  former 
locality  and  Bembridge  Harbour  groynes  have  been  erected  in  places, 
and  both  sand  and  gravel  are  removed.  Groynes  have  been  built  to 
the  eastward  but  not  to  the  westward  of  Ryde  Pier,  and  these  collect 
shingle  and  sand  (the  latter  is  not  removed  from  close  in  shore).  The 
Binstead  and  Wootton  district  is  low  and  muddy  with  a  shingle  beach, 
there  are  a  few  groynes  on  the  Osborne  estate,  and  a  sea-wall  at  East 
Cowes  but  no  groynes.  From  Colwell  Bay  to  the  Beacon  at  the  Needles 
the  coast  is  stated  to  neither  gain  nor  lose  material.  There  are  five 
groynes  in  Colwell  Bay.  Along  the  remainder  of  the  shore  losses  occur  : 
at  Bembridge,  in  places  unprotected  by  groynes  which  have  been  only 
built  locally ;  near  Burnt  Wood  Copse,  Gurnard  C.G.S.,  where  heavy 
rains    cause    landslips,   and    groynes,  moreover,   are  absent;   between 
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Hamstead  Wood  and  Saltmead,  where  the  sea  has  encroached  18  feet  in  five 
years,  and  groynes  again  have  not  been  erected  ^  and  in  tlie  neighbourhood 
of  Yarmouth.  Here  the  cliffs  for  three  miles  east  of  Yarmouth  Pier  are 
continually  sliding  on  to  the  beach  carrying  away  small  trees  &c.  in  their 
progress.  To  the  west  of  Yarmouth  Harbour  a  roadway  along  the  beach 
has  been  completely  washed  away  during  the  five  years  preceding  1899. 
From  about  1894  to  1903  the  annual  loss  of  cliff  has  been  three  feet 
along  the  stretch  of  coast  from  the  west  end  of  Yarmouth  Common  to 
Hampstead  Point.  The  coast-defences  are  not  unimportant.  They  consist 
of  a  sea-waU  700  yards  west  and  300  yards  east  of  Fort  Albert  and 
another  100  yards  long  in  front  of  Fort  Victoria,  and  also  short  groynes 
along  the  shore  east  of  Yarmouth  Pier.  The  latter  are  said,  however,  to 
have  very  little  effect  on  the  travelling  sand  <kc.  No  becush  material  can 
be  removed  without  the  permission  of  the  Board  of  Trade,  and  then  only 
for  use  in  sea-walls  <fec. 

The  stationary  parts  of  the  southern  coast  are  at  the  eastern  end. 
From  a  point  half  way  between  Shanklin  and  Sandown  to  the  Foreland 
no  change  is  reported.  Groynes  at  the  eastern  part  of  Sandown  retain 
the  sand,  and  a  small  breakwater  near  the  Foreland  C.G.S.  collects  the 
shingle.  Neither  sand  nor  shingle  is  removed.  Returning  westward,  we 
find  at  Freshwater  Bay  an  annual  loss  of  about  a  foot  for  a  distance  of 
about  300  feet  where  the  cliff  is  soft.  Near  Brook  (Compton  Bay  and 
south-eastward)  a  report  states  (probably  in  1899)  that  rocks  which 
thirty  years  ago  formed  part  of  the  foot  of  the  cliff  are  now  58  feet  away. 

Along  the  coast  3  miles  north-west  of  St.  Catherine's  Lighthouse 
the  encroachment  of  the  sea  is  said  to  be  owing  to  the  bed  of  the  cliff 
being  of  blue  clay,  which,  being  easily  eroded  by  every  gale,  facilitates 
slipping  in  the  overlying  mass.  There  are  no  groynes,  and  nothing  is 
removed.  The  eastern  arm  of  Woody  Bay,  Ventnor,  is  disappearing  by 
landslips  and  exposure  to  east  winds  much  more  rapidly  than  the  western 
arm,  where  there  is  little  alteration.  At  Bennel  (June  1899)  subsidence 
of  the  land  is  taking  place,  making  a  gradual  but  very  rugged  slope 
seaward  (by  reason  of  the  cracks).  A  somewhat  similar  report  deals 
with  the  coast  from  Orchard  Bay  (Ventnor)  to  Dunnose  Point,  where 
encroachment  takes  place  on  positions  exposed  to  the  S.E.,  S.,  S.S.W.,  and 
N.S.W.  winds.  The  few  groynes  along  this  station  collect  shingle  with 
W.  and  S.W.  winds,  such  shingle  being  removed  by  easterly  winds. 
Nothing  is  taken  away  for  any  purpose.  The  lack  of  suflScient  groynes 
has  been  given  as  the  cause  of  the  slight  loss  of  land  from  Dunnose  Point 
to  beyond  Shanklin  Pier.  Those  already  built  assist  in  accumulating  the 
beach,  of  which  none  is  removed. 

No  reports  have  been  submitted  from  the  northern  side  of  the  Solent 
or  Christchurch  Bay,  but  between  Christchurdi  Head  and  Boscombe  Chine 
an  average  loss  of  3  feet  per  annum  is  recorded,  with  no  gro3mes  and 
nothing  removed.  Erosion  is  taking  place  along  the  soft  cliffs  extending 
from  Bournemouth  to  Poole  Head,  consisting  of  the  Bagshot  beds  and 
plateau  gravel,  with  an  admixture  of  clay.  The  sandhills  stretching  from 
Poole  Head  to  North  Haven  Point,  at  the  entrance  to  Poole  Harbour, 
were  subject  to  erosion  as  far  back  as  recoixls  exist ;  but  some  years  ago 
they  were  protected  by  the  construction  of  a  sea-wall  near  high-water 
mark,  of  which  a  portion,  for  a  length  of  about  1,940  feet  from  Poole  Head, 
is  perfectly  sound  ;  another  portion  further  on  is  seriously  damaged  in 
places,  and  of  the  part  nearer  North  Haven  Point  only  traces  exist.     In 
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1896-98,  however,  thirteen  groynes  were  erected  along  the  foreshore 
between  Poole  Head  and  North  Haven  Point,  which  have  led  to  an  accu- 
mulation of  sand  along  their  western  sides,  and  produced  an  advance  of  the 
foreshore.^  A  comparison  of  the  Admiralty  chiurts  of  1849  and  1878  shows 
that  a  considerable  amount  of  accretion  took  place  along  the  northern 
foreshore  of  Studland  Bay  within  this  period,  which  may  be  attributed  to 
the  protection  afforded,  during  the  latter  part  of  this  period,  by  a  training 
bank,  carried  out  in  a  southerly  direction  from  the  southern  extremity  of 
South  Haven  Point,  for  a  length  of  1,300  feet  between  1860  and  1876  ; 
but  the  latest  charts  indicate  that  some  accretion  has  taken  place  since 
1878  in  the  vicinity  of  South  Haven  Point.  A  small  quantity  of  shingle 
is  occasionally  taken  from  Ballard  Point.  From  this  promontory  as  far 
as  Swyre  Head,  West  Lulworth,  practically  no  loss  seems  to  occur,  and  no 
groynes  have  been  built.  From  West  Lulworth  as  &r  as  the  Chesil  Beach 
losses  to  the  coast  are  common.  High  spring  tides  and  strong  winds, 
heavy  rains,  and  thaws  after  severe  frosts,  are  responsible  for  the  damage 
done.  Four  gro3me8  formerly  erected  along  the  shore  at  Preston  are  now 
reduced  to  one,  which  is  useless  for  stopping  the  travelling  beach.  A 
proposal  to  erect  groynes  was  under  consideration  in  1899  by  the  town 
authorities  of  Weymouth.  No  beach  material  is  removed  from  this 
neighbourhood  except  the  northern  part  of  Portland. 

Three  reports  include  the  whole  of  the  Isle  of  Portland,  and  mention 
no  alteration.  This  does  not  agree  with  the  result  of  Wheeler's  investi- 
gations. He  notes  a  loss  of  land  on  the  eastern  side  and  gives  an  estimate 
of  loss  for  *  the  centre  part  of  the  island '  of  a  foot  per  annum  ('  The  Sea 
Coast,'  p.  153).  When  we  reach  Burton  Bradstock,  at  the  western  ex- 
tremity of  the  Chesil  Bank,  loss  of  land  is  reported.  Between  Swyre 
GuUey  and  Freshwater  (Burton  Bradstock)  there  was  formerly  sufficient 
land  under  the  clifis  to  pasture  cattle.  This  is  now  gone,  replaced  by 
sand  and  shingle,  while  the  sea  beats  against  the  cliff  at  spring  tides. 
There  are  no  groynes  until  we  reach  the  eastward  side  of  the  harbour  at 
Lyme  Regis,  and,  though  but  little  beach  material  is  removed,  encroach- 
ments occur  as  far  as  2  miles  beyond  the  county  boundary.  The  loss  of 
cliff  in  the  neighbourhood  of  Lyme  Regis  is  due  almost  entirely  to  the 
alternation  of  hard  and  soft  material  aided  by  the  percolation  of  rain. 
The  blue  Lias  stone  is  taken  away  to  be  burnt  for  lime. 

This  part  of  the  Dorset  coast  has  been  the  subject  of  several  reports 
on  Form  II.  Two  come  from  the  Preston  C.G.S.  (near  Weymouth), 
recording  falls  of  cliff  from  the  eastern  end  of  the  station,  in  the  one  case 
600  feet  long,  with  a  width  of  18  to  40  feet,  in  the  other  100  feet  long  by 
50  to  90  feet  broad  (April  15,  1901).  In  January  1903  several  tons  of 
cliff  fell  into  the  sea  half  a  mile  west  of  the  Burton  G.G.S. ;  in  June 
1899  a  fall  took  place  between  West  Bay  and  Eype  ;  and  in  September 
1902  at  Clay  Knapp  (200  yards  east  of  Eype's  Mouth,  near  Bridport), 
another  26  yards  long  by  6  or  8  feet  wide. 

From  near  the  Devon  county-boundary  as  far  as  Cliff  Castle,  Beer 
Head,  there  is  no  loss  of  coast,  and  no  groynes  have  been  built ;  but  a 
slight  encroachment  is  recorded  from  Branscombe. 

*  Beport  on  Poole  Harbour  Protection  to  the  Poole  Harbour  Commissioners,  by 
L.  F.  Vemon-Harcourt,  November  24,  1903  (Poole  1903). 
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Devon. 

Of  the  Devonshire  coast  between  Sidmouth  and  Teignmouth  no  records 
have  been  received,  but  between  JBahbacombe  and  IWcroee,  in  Start  Bay, 
eight  observations  are  to  hand.  No  alterations  are  reported,  except  that 
the  inner  harbour  of  Torquay,  modified  by  piers,  is  gradually  filling  up, 
and  that  in  the  neighbourhood  of  Paignton  the  sea  encroaches  at  the 
eastern  end  of  Goodrington  Sands  and  on  Preston  Sands.  At  the  latter 
place  a  sea-wall  is  being  built.  Elsewhere  groynes,  &c,,  are  absent,  but 
shingle  is  removed  from  the  neighbourhood  of  Babbacombe  and  from 
HalEands,  Torcross.  Erosion  was  formerly  seriously  imperilling  the 
existence  of  the  beach  used  by  fishing-boats  in  Babbacombe  Bay  ;  but  a 
fishing  pier  erected  at  the  eastern  extremity  of  the  Bay  in  1889-90,  and 
carried  out  in  a  northerly  direction  for  120  feet  as  a  protection  for  the 
fishing- boats,  has  also  caused  shingle  to  accumulate  along  the  shore  of 
the  bay  within  its  shelter. 

Tlie  Start  district  itself  is  unequally  affected.  On  the  eastern  side  of 
the  estuary  of  the  Avon  loss  is  recorded  from  Start  Point  to  within  a 
short  distance  of  East  Portlemouth,  although  the  encroachment  is  but 
slight.  In  the  estuary  of  the  Salcombe  River  no  change  has  occurred 
during  the  last  forty  years  (up  to  the  summer  of  1899),  nor  is  there  altera- 
tion as  far  as  West  Cliff,  midway  between  Bolt  Head  and  Bolt  Tail. 
Losses,  however,  occur  westward  from  this  locality  as  far  as  Freshwater 
Cliffs  (about  H  mile  west  of  Ringmore).  Sand  and  shingle  are  removed 
from  the  neighbourhood  of  Hope  Cove  [?  Thurlestone  Sands]. 

ComuxUL 

From  this  point  westioard  along  the  coast,  round  LandHs  End,  and 
along  the  northern  cliffs  of  Cornwall  as  far  as  Bttde  (after  which  the 
records  are  fewer)  is  a  stable  region  of  comparatively  small  changes. 
These  are  as  follows  : — 

At  Downderry,  in  Whitesand  Bay,  the  unprotected  coast  loses  about 
6  inches  per  annum.     No  sand  is  removed. 

To  the  west  of  Looe  there  is  a  slow  encroachment  on  a  low  clay  cliff — 
partly  protected,  however,  by  a  stone  wall. 

In  the  neighbourhood  of  Porthscatho  there  is  also  a  slight  loss ;  at 
Polcarnick  and  Pendower  roads  have  been  destroyed.  Tlie  coast  is 
unprotected,  and  sand  is  removed  for  building  purposes. 

Near  St.  Mawes,  from  Killigerran  Head  to  St.  Just  Creek,  3  feet  of 
cliff  has  been  lost  in  seventy  years,  owing  apparently  to  clay  soil  giving  way. 
There  are  no  groynes. 

At  the  Lizard  between  Lean  Water  and  Soapy  Cove  a  slight  loss 
occurs,  *  where  the  cliffs  are  composed  of  mica  schist.' 

Movement  of  the  shingle,  in  accordance  with  prevalent  winds,  occurs 
to  the' north-west  of  Mullion,  between  Porthleven  and  Gunwalloe,  a 
succession  of  south-easterly  gales  bringing  it  towards  Porthleven  to  the 
extent  of  10  to  15  feet  in  depth,  whereas  south-westerly  gales  remove 
it,  though  not  to  the  same  extent,  towards  Gunwalloe. 

From  this  locality  round  Mount's  Bay  itself  losses  are  rather  more 
frequent — as,  for  instance,  in  Prussia  Cove,  especially  at  spring  tides  and 
with  a  heavy  sea,  where  the  cliff  is  composed  of  clay  and  sand.  Locally 
the  latter  is  removed.    Erosion  also  occurs  on  the  eastern  side  of  Mount  s 
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Bay  at  Marazion.  No  change  takes  place  at  Penzance,  although  there 
are  no  groynes,  and  thousands  of  tons  of  sand  are  removed  annually  for 
agricultural  purposes  ;  but  at  Newly n,  to  the  eastward  of  the  harbour, 
the  sea  has  encroached  slightly  during  the  past  ten  or  twelve  years, 
causing  the  old  road  along  the  sea-front  to  be  abandoned.  Now,  indeed, 
this  road  has  almost  disappeared.  To  the  westward  of  Newlyn  Harbour 
an  artificial  beach  is  being  formed  by  the  refuse  from  quarries. 

In  the  neighbourhood  of  the  Land's  End  and  St.  Ives  Bay  two  changes 
only  are  on  record,  both  being  local  falls  of  cliff  arising  from  heavy  gales. 
The  first  of  these  is  at  Sennen  Cove,  Lmd's  End,  where,  however,  the 
loss  is  very  slight,  and  occurs  especially  along  the  back  of  the  beach, 
which  is  composed  of  sandy  material  ;  the  second  is  from  the  Hayle 
River  westward,  the  cliffs  falling  away  after  heavy  north-westerly  gales. 
There  are  no  groynes,  and  no  beach  material  is  removed. 

Five  reports  have  been  received  from  the  Scilly  Tales,  The  islands  of 
St.  Martin's,  St.  Mary's,  and  St.  Agnes,  situated  on  the  eastern  and 
southern  sides  of  the  group,  all  suffer  erosion  either  where  the  shore  is  of 
a  soft  nature  or  by  the  clifife  falling.  No  groynes  have  been  built  on  any 
of  the  islands.  In  St.  Mary's  the  loss  in  certain  places — e,g.  Porcrasa, 
Old  Town,  Porthloo,  and  Pelistry  Bays — varies  between  *  10  and  40  yards 
in  the  last  five  to  ten  years.' 

No  shingle,  sand,  or  slabs  of  stone  are  removed  from  the  shores  of 
St.  Mary's  or  St.  Agnes. 

The  northern  coast  of  CormuaM  from  Gunthian  to  Bude  suffers  neither 
loss  nor  gain,  with  the  exception  that  local  falls  of  cliff  take  place  near 
Port  Isaac  (Bounds  X/liff  and  Kelland  Head). 

North  Devon  and  Somerset, 

The  northern  coast  of  Devon  and  the  coast  of  Somerset  are  the  subject 
of  scattered  reports,'  which  will  be  taken  in  order. 

In  the  neighbourhood  of  Clovelly  and  Hartland  Point  the  clifis  are 
continually  falling.     There  are  no  groynes,  nor  is  anything  removed. 

From  Abbotsham  Sand  Path  to  Bideford  (Barnstaple  Bay)  no  changes 
are  noticeable.  There  are  no  groynes,  and  at  Graysand  Point,  near 
Barnstaple  Bar,  sand  is  removed  at  low  tide  in  large  quantities.  From 
Baggy  Point  to  Lee  Bay  (Morthoe  C.G.S.)  the  coast  line  is  stationary ;  a 
little  shingle  and  sand  is  taken  from  the  beach  at  Woolacombe. 

No  change  is  reported  from  the  Ilfracombe  district ;  there  are  no 
groynes,  but  beach  material  is  removed  for  building  and  road-metal. 

The  same  applies  to  the  Combmartin  district  (Watermouth  to 
Heddonsmouth,  about  twelve  miles),  and  also  to  the  neighbourhood  of 
Lynmouth  for  about  six  miles  on  either  hand.  A  loss  of  several  feet  of 
cliff  within  three  years  is,  however,  recorded  from  the  Minehead  C.G.S., 
between  Minehead  Pier  and  Warren  Point.  Some  beach  material  is  re- 
moved by  private  owners.  A  report  from  Watchet  C.G.S.  concerning  the 
shore  as  far  as  East  Quantock  Head  mentions  that ,  small  landslips  are 
of  frequent  occurrence  on  either  side  of  the  harbour.  Shingle  is  removed 
from  Doniford  and  sand  from  wherever  it  can  be  obtained. 

Letters  addressed  to  Weston-super-Mare  and  Avonmouth  have  been 
left  unanswered,  presumably  because  no  coastguards  are  stationed  along 
that  part  of  the  Bristol  Channel, 

*  Dated  July  1903,  with  the  exception  of  that  from  Minehead. 
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Wales. 

The  reports  sent  in  are  almost  entirely  confined  to  the  southern 
hcdfoi  the  Principality.     Out  of  twenty-four,  eight  record  loss  of  land. 

At  Barry,  owing  to  occasional  landslips  due  to  undermining  by  the 
sea,  this  recession  of  the  coast  averages  a  foot  per  annum.  Sand  and 
stones  are  removed  from  the  beach  for  building  purposes,  and  pebbles  for 
lime  burning.  A  loss  of  coast  is  also  taking  place  at  Oxwich,  in  the 
Gower  Peninsula.  Oxwich  Marsh  is  periodically  flooded ;  while  in 
December  [t  1898]  a  landslip  detached  some  thousands  of  tons  of  rook. 
Owing  to  this  encroachment  the  practice  of  removing  shingle  <fec.  from 
the  shore  has  been  discontinued. 

Erosion  is  also  taking  place  between  Llannlly  and  the  Kidwelly  River 
through  storms  and  high  spring  tides,  and  is  estimated  at  about  6  feet 
per  annum.  like  other  parts  of  Glamorganshire,  there  are  no  groynes 
along  the  coast.     Shingle  and  sand  are  removed  for  industrial  purposes. 

At  Tenby  a  very  slight  gain  is  recorded  from  Giltar  Point  to  St. 
Katherine's  Bock.  Here  sand  is  blown  up  by  the  south-westerly  wind, 
and  held  in  position  by  marram  grass.  By  these  means  high  sandhills  are 
formed,  for  there  are  no  groynes.  Sand  and  shingle  are  removed  in  small 
quantities,  but  not  sufficiently  to  make  any  change  in  the  form  of  the 
beach  or  to  cause  damage  to  surrounding  property. 

In  St.  Bride's  Bay  at  Broadhaven  the  sea  encroaches  slightly,  part  of 
the  front  of  the  town  having  been  washed  away  in  1899.  Broadhaven  is 
protected  by  a  sea-wall,  and  shingle  and  sand  have  at  times  been  removed 
from  the  foreshore. 

Stones  <kc.  are  taken  from  the  shore  at  Good  wick,  but  no  changes  in 
the  coast-line  are  given.     No  groynes  are  constructed. 

At  St.  Dogmells  in  Northern  Pembrokeshire  an  encroachment  is  recorded 
through  gradual  rotting  of  the  slate,  but  at  Aberporth  the  sea  is  stated 
to  be  gaining  considerably  every  year,  the  blue  clay  on  the  foreshore 
being  washed  away  by  the  sea.  Here  also  gravel  and  stones  are 
removed  from  the  beach. 

At  Penrhyn  the  cliffs  are  falling  away,  the  same  thing  happening  at 
Newquay,  Cardigan.  At  Cibach  there  are  two  groynes  which  catch  the 
shingle,  none  of  which  is  removed,  but  with  this  exception  no  groynes  are 
recorded  from  any  place  in  the  southern  half  of  Wales. 

In  regard  to  the  northern  part  of  Wales  a  report  has  been  received 
from  Ban:gor,  including  the  coast  line  from  Moelfre  Island  to  Great  Orme's 
Head,  a  distance  of  38  miles.  This  part  of  the  coast  is  stationary  ;  much 
is  low,  with  muddy,  sandy,  or  shingle  shores,  and  the  vertical  range  of 
ordinary  spring  tides  is  19  feet.  Sand  is  used  for  building  purposes.  The 
low  sandy  coast  of  Rhyl  loses  only  at  the  end  of  the  sea-wall,  through 
the  backwash  of  the  sea.  Groynes  built  to  protect  the  wall  gather  sand 
and  shingle. 

No  coastguard  stations  are  established  between  Newquay  in  Cardigan 
Bay  and  Carnarvon,  along  part  of  the  North  Welsh  coast,  and  between 
New  Brighton  and  Maryporb.  Accordingly  information  concerning  the 
Lancashi  e  and  Cumberland  coast  is  but  scanty.  The  marine  surveyor 
to  the  Mersey  Dock  Board  has  kindly  given  information  on  the  shore 
between  Hilbre  Island  and  Pormby  Point.  He  notices  an  encroachment 
of  the  sea  along  this  part  of  Liverpool  Bay.    The  coast  is  not  protected 

Digitized  by  VjQQQIC 


276  REPORT— 1908. 

by  groynes,  but  embankments  bave  been  put  up  here  and  there  near  high- 
water  mark.     Occasionally  loads  of  sand  are  removed. 

At  Maryport,  in  Cumberland,  erosion  is  also  reported,  especially  about 
half  a  mile  N.E.  of  Maryport  Harbour,  where  the  loss  is  heavy.  The 
coast  is  low,  and  both  sand  and  stones  are  taken  from  the  shore.  At 
Silloth,  where  the  coast  is  sandy,  and  flat,  no  change  is  recorded. 

Ireland. 

.  From  the  northern  part  of  the  county  of  Galway^  i.e.  as  far  south 
as  Gal  way  Bay,  six  records  have  been  received,  some  of  which  mention 
losses  of  land.  The  coast  between  Slyne  Head  and  Streamstown  (Clifden) 
suffers  erosion  at  Slyne  H^ad  itself,  at  Mannin  Bay  and  at  Fahy  Bay,  and 
also  at  Slackpool  and  Doalaghan.  Tully  Point  (Killary  Harbour)  becomes 
almost  surrounded  by  water  at  high  spring  tides  with  northerly  winds. 
Previously  under  cultivation,  it  is  now  a  sandy  waste  through  storms. 

Mayo  provides  twelve  reports.  The  first  concerns  the  islands  between 
Westport  and  Newport  Bays  (Clew  Bay),  where  the  annual  loss  on  those 
most  exposed  is  from  3  to  5  feet.  A  certain  amount  of  beach  material 
is  removed  and  coast  defences  are  absent.  In  the  neighbourhood  of 
Achill  Sound  and  Achilbeg  high  spring  tides,  inith  strong  winds  from 
the  west  or  south-west,  cause  a  loss  of  land  where  the  cliffs  are  low  and 
composed  of  clay.  Nothing  is  removed,  and  there  are  no  artificial  causes 
to  influence  the  natural  changes. 

In  Blacksod  Bay  (and  £lly  Bay)  erosion  of  the  coast  is  also  on 
record.  In  1893  a  horse  and  cart  could  pass  along  the  cliff  outside  a 
boundary- wall  which  is  now  lapped  by  high  spring  tides,  and  in  one  place 
has  been  destroyed.  From  Doohooma  a  variable  state  of  loss  and  gain 
of  coast  is  reported. 

On  the  northern  coast  of  Mayo  no  alterations  are  recorded  except  a 
gradual  washing  away  of  unprotected  banks  at  Ross,  Killala  Bay, 
during  high  spring  tides. 

No  changes  are  reported  from  the  county  of  Sligo^  and  in  Donegal 
out  of  eighteen  observations  three  only  record  alterations. 

From  Ballyshannon  in  Donegal  Bay  observations  extending  over 
nearly  41  miles  give  evidence  of  both  loss  and  gain.  On  this  stretch 
of  coast  there  are  no  artificial  protections,  and  neither  shingle  nor  sand  i» 
removed.  The  other  two  alterations  are  on  the  north-western  side  of 
Lough  Foyle.  On  the  northern  side  of  Dunagree  Point  Lighthouse 
(Greencastle  C.G.S.)  the  sea  has  encroached  about  50  yards  during  the 
last  forty  years  (up  to  1899),  and  about  half  that  distance  during  the  same 
period  between  Magilligan  Point  and  Downhill  in  County  Derry.  At 
Magilligan  Point  piles  have  been  driven  in  the  shore  and  have  successf ullj 
.  resisted  further  encroachments.  Sand  is  removed  from  the  bay  at 
Dunaffree  Point  Near  the  mouth  of  the  river  near  the  Ark  House, 
Moviuejjgroynes  and  stone  work  have  been  resorted  to  in  order  to  save  the 
land.  T\m  loss  appears  to  be  owing  to  the  cartage  of  gravel  and  sand 
from  the  mouth  of  the  river.  In  some  places,  on  the  other  hand,  hundreds 
of  acres  have  been  reclaimed  by  banks,  while  changes  are  also  made  in 
the  channels  by  the  work  of  steam-dredgers. 

In  the  county  of  Antrim  thirteen  reports  include  four  of  loss,  one  of 
which  is  slight,  and  one  of  gain.  Along  the  sandy  coast  of  Portmsh  land 
allotted  for  building  purposes  was  perforce  abandoned  in  1894.      This 
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part  of  the  shore  is  unprotected.  The  low  coast  of  Portballintrae  is 
undergoing  considerable  erosion.  On  the  western  side  of  the  bay  wooden 
and  stone  stmctares  have  been  raised  for  protection,  and  these  send  the 
sand  and  shingle  eastwards,  where  much  is  removed.  From  Fair  Head 
southwards  to  Cushendun  erosion  is  slight,  while  at  Cushendall  a  gain  of 
about  3  feet  is  on  record  in  the  last  five  years.  At  a  point  a  mile 
north  of  Glenarro  considerable  loss  takes  place,  tho  coast-road  being 
graduaUj  set  back  several  feet.  One  groyne  has  been  erected,  but  at  the 
time  the  report  was  sent  in  its  effect  was  doubtful.  Beach  material  is 
removed  for  industrial  purposes,  and  also  at  Ballycastle,  Lame  Harliour, 
and  Whitehead. 

In  County  Down  the  list  of  losses  becomes  longer.  On  the  low  and 
rocky  coast  of  Donaghadee  an  encroachment  is  noted  at  a  locality  about 
4  mile  south  of  the  coastguard  station  ;  and  between  Templepatri'ck  and 
Ballyferris  Point  losses  have  taken  place  to  the  extent  of  1 5  feet  in  the 
ten  years  preceding  July  1899,  and  also,  according  to  old  inhabitants, 
between  B&llyferris  Point  and  Bray  Hill.  At  Cloghy  the  house  occu- 
pied by  a  former  coastguard  officer  is  now  (1899)  all  but  washed  away. 
Here  one  groyne  built  opposite  the  coastguard  station  protects  the  sea- 
wall, which  lately  has  been  strengthened. 

North  of  the  entrance  to  Strangford  Lough  (Tara  C.G.S.)  it  appears 
that  considerable  loss  of  land  has  resulted  from  the  encroachments  of 
the  sea,  and  that  the  public  road  is  locally  submerged  during  south- 
easterly and  easterly  gales.  A  sea-wall  has  been  built  to  protect  the 
coast,  but  gravel  and  sand  are  removed  for  industrial  purposes. 

In  the  more  southerly  part  of  the  county,  in  the  neighbourhood  of 
Dundrum  Bay  and  Kilkeel,  losses  are  practically  continuous  for  a 
considerable  stretch  of  coast.  From  <  Big  Pack,'  Ballykinler,  past  the  coast- 
guard stations  of  Newcastle,  Annalong,  and  Kilkeel  the  sea  is  reported  as 
encroaching  at  several  points.  These  are  :  from  Murlough  Point  to  Long 
Hill,  south  of  the  Duudrum  River ;  between  the  bar  of  Dundrum  and 
the  Shimna  River ;  between  the  BaJlagh  River  and  Black  Rock, 
Annalong,  and  at  the  harbour  of  Kilkeel,  with  the  adjacent  localities  of 
Leeston's  Point  and  Ballykid.  Beach  material  is  removed  from  many 
places  along  the  coast  and  in  great  quantities  from  the  neighbourhood  of 
the  Dundrum  River.  High  tides  and  strong  southerly  or  south-easterly 
giUes  are  given  as  the  reasons  for  many  of  the  losses.  Coast  protections 
have  been  erected  in  several  places.  A  sea  wall  has  been  constructed 
from  Newcastle  Harbour  for  about  half  a  mile  northwards  and  the  beach 
paved  with  boulders,  while  groynes,  which  appear  to  act  successfully, 
have  been  erected  under  the  esplanade  and  New  Railway  Hotel.  Three 
groynes  have  been  erected  at  Kilkeel  Harbour. 

Passing  southwards  we  find  a  loss  of  land  occurring  at  Gran  field 
Point,  where  the  sea  has  washed  away  the  pillars  of  the  gate  of  the 
lightkeeper's  house.  The  Commissioners  of  Irish  Ligiit  have  now  had 
the  cliff  faced  with  stone  and  cement.  At  Oreenore,  near  the 
southern  entrance  to  Carlingford  Lodgh  {County  Louth)^  slight  encroach- 
ment is  noted. 

On  the  northern  side  of  Dundalk .  Bay,  near  Giles  Quay,  the  sea  is 
encroaching  along  a  strip  of  coast  about  1|  mile  in  length,  a  loss  of 
45  feet  having  occurred  in  places  during  the  last  six  years.  A  groyne 
at  the  back  of  the  fishing  pier  tends  to  accumulate  the  sand  and  shingle, 
which  is,  however,  removed  for  making  concrete.  A  report  covering  nearly 
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9  miles  of  coast  around  Soldier's  Point,  Dundalk  Bay,  mentions  no 
change ;  but  from  Dunany  Point,  the  southern  extremity,  a  considerable 
loss  results  from  gales  washing  away  portions  of  cultivated  land  to  the 
K.N.W.  of  the  coastguard  station.  The  southern  part  of  a  sea-wall  built 
on  the  Dunany  estate  is  now  nearly  destroyed,  although  it  is  only  reached 
by  the  tide  in  bad  weather.     Gravel  is  removed  as  ballast. 

The  coast  is  stationary  near  Ologher  Head  and  the  mouth  of  the  Boyne  ; 
neither  station  is  protected.     Beach  material  is  removed  from  the  latter. 

The  ample  reports  from  the  County  of  Dublin  provide  a  heavy  record 
of  loss,  greater  on  the  whole  from  the  northern  part  of  the  county. 
Amongst  these  is  included  a  report  from  Laytown,  in  the  County  of 
Meath.  It  is  interesting  at  the  outset  to  notice  that  groynes  are  absent 
almost  throughout  the  former  county. 

Within  600  yards  of  the  Nanny  River  (Laytown),  on  either  side,  the 
sea  has  encroached  30  feet  during  the  last  twenty  years,  while  losses  are 
recorded  near  Balbriggan  ;  from  the  east  end  of  South  Strand  to  Skennick 
Point  near  Skerries  ;  near  Eush,  when  heavy  gales  from  the  east  or  south- 
east occur  at  spring  tides  ;  and  near  Rogerstown  and  Portrane.  On  the 
other  hand,  the  coast  around  Lough  Shinny,  Malahide,  and  Baldoyle  is 
apparently  undergoing  no  change. 

Shingle,  sand,  slabs  of  stone,  and  other  material  are  removed  from  the 
beach  at  Balbriggan,  from  the  northern  end  of  South  Strand  at  Skerries, 
to  a  minor  degree  from  Rush  and  Portrane  and  Lough  Shinny.  A  report 
from  Lambay  Island  states  the  coast  is  without  alteration  ;  that  no  shore- 
defences  have  been  erected,  and  that  shingle  is  used  only  for  the  pathway 
to  the  coastguard  station. 

The  headland  at  Howth  and  the  northern  side  of  Dublin  Bay  show 
neither  loss  nor  gain.  In  the  centre  of  Dublin  Bay,  however,  from  Poolbeg 
Lighthouse  to  Booterstown,  inroads  of  the  sea  may  accompany  south- 
easterly gales.  No  changes  are  reported  from  Kingsdown  and  Dalkey, 
but  a  rapid  erosion  is  taking  place  between  Killiney  Bay  on  the  north 
and  past  Bray  Head  to  Six  Mile  Point.  The  Dublin,  Wicklow,  and 
Wexford  Railway  Company  has  built  a  sea  wall  at  the  foot  of  part  of  the 
cliffs  to  the  north,  but  hereabouts  two  Martello  towers  have  entirely 
disappeared  with  the  fallen  cliffs,  while  part  of  the  foundations  of  a  third 
protrudes  over  the  edge  (1899).  From  time  to  time  during  the  past  ten 
years  the   railway   has  removed  its  permanent  way  inland,   in   places 

10  to  30  feet,  while  at  the  date  the  report  was  written  the  rails  in  places 
are  only  a  few  feet  from  the  edge.  No  beach  material  is  reported  as 
having  been  anywhere  removed,  and  south  of  the  Cable  Rock  groynes 
have  been  placed  to  protect  the  embankment.  Southwards  as  far  as 
Cahore  Point  the  loss  of  land  is  much  less  severe.  Near  Five  Mile  Point 
the  coast-line  is  stationary,  no  artificial  restrictions  stay  erosion,  and 
gravel  t&c.  is  removed  for  paths  and  the  like.  Near  Wicklow,  however, 
Uie  sea  encroached  for  the  last  fifty  years  at  an  average  rate  of  3  feet  per 
annum,  while  from  the  Old  Strand  House  to  Steam  Packet  Pier  gravel 
accumulated  by  being  washed  down  from  the  northern  .part  of  the  beach. 
Groynes  have  not  been  built,  and  from  one  place  beach  material  is 
removed.  Between  here  and  Cahore  Point  loss  is  recorded  only  along 
the  stretch  of  coast  1\  miles  southwards  from  Arklow  Head,  past 
Eilmichael  Point.  The  coast  is  low,  with  sandbanks,  and  it  is  these 
which  are  being  washed  away  by  the  sea.  The  beach,  which  is  of  a 
mixed  character,  is  removed  for  industrial  purposes. 
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Near  Bar  of  Lough,  between  BenUey  Cottage  and  Ballinadreiioge 
(Curracloe),  and  between  Rosdare  Fort,  in  Wexfora  Bay,  and  Ballygeary, 
loes  of  land  by  gales  and  landslips  is  frequent.  The  battery  wall  of  the 
B..N.R.  drill  ground (Rosalare)  is  now  12  yards  'seaward  of  the  land,' a 
result  produced  in  thurty  years.  Northerly  and  north-easterly  gales  and 
heavy  rains  are  active  agents  of  destruction.  Near  the  railway  pier 
(Ballygeary  C.G.S.)  small  quantities  of  ff ravel  are  removed  for  filling  in 
the  sleepers.  This  coast  is  either  low  ana  sandy  or  formed  by  '  marl  cHfib ' 
averaging  some  60  feet  in  height. 

Round  Oamsore  Point,  as  far  west  as  Takumshin,  the  clifis  are  com- 
posed locally  of  a  'yellow  clay/  and  in  these  places  the  coast  loses 
considerably.  No  artificial  causes  stay  encroachment,  and  small  quantities 
of  shingle  and  sand  are  removed. 

Between  Takumshin  Bar  and  Eilmore  C.G.S.  high  tides  and  gales  of 
wind  break  away  the  low  sand  and  clay  clifi*  to  an  extent  estimated  during 
the  last  fifty  years  at  between  2  and  3  yards  per  annum.  The  older 
inhabitants  of  the  district  remember  houses  standing  on  sites  now  covered 
by  the  sea.  For  about  500  yards  east  of  Kilmore  the  harbour  works 
retard  the  waste  of  clifi*  during  the  prevailing  winds.  To  the  eastward 
farmers  remove  the  sand  in  small  quantities. 

At  Morris  Castle  about  28  yards  of  land  have  been  washed  away  since 
1862.  The  cliffs,  about  50  feet  in  height,  are  composed  of  sands  and 
marls,  and  the  sand  and  shingle  of  the  beach  is  removed. 

From  the  eastern  side  of  Bannow  Bay,  as  far  as  and  along  the  eastern 
side  of  Waterford  Harbour,  the  coast  loses  ground  locally.  From  Fethard 
C.G.S.  losses  are  reported  at  Wood,  between  Baginbun  and  Camivan,  and 
also  between  Loftus  Hall  and  Harry  Lock  ;  and  from  Arthurstown  C.G.S. 
landslips  occur  in  the  vicinity  of  Booley  Bay. 

No  alterations  are  taking  place  between  the  western  side  of  Water- 
ford  Harbour  and  Mine  Head,  south  of  Dungarvan  Harbour,  except  at 
Tramore,  where  the  sea  encroaches  on  the  strand  to  the  south-east  of  the 
station  through  unusually  high  tides  and  winter  gales.  Unfortunately  a 
large  amount  of  shingle  is  taken  away. 

The  Waterford  coast  south-west  of  Mine  Head,  i.e.  in  Ardmore, 
Youghal,  and  Ballycottin  Bays,  is  undergoing  erosion.  A  few  groynes 
have  been  placed  to  break  the  force  of  the  waves  against  the  sea-wall  at 
Ardmore  village,  but  otherwise  Ardmore  and  Whiting  Bays  are  unpro- 
tected, and  a  considerable  amount  of  sand  is  removed.  At  *  ClaycasUe  * 
and  a  mile  to  the  westward  (west  of  Ferry  Point,  Youghal)  the  sea  in 
February  1899  made  a  breach  about  50  yards  wide  in  the  foreshore,  and 
the  loss  on  Garryvoe  Strand  (Ballycottin  Bay)  is  said  to  be  a  third 
of  a  mile  in  forty  years.  Reports  stating  loss  of  land  come  from  the 
coastguard  stations  at  Enockadown,  East  Ferry,  Ballycrenane,  and  Poor 
[?  Power]  Head.  Groynes  have  been  built  to  the  west  of  Youghal,  but 
along  the  remainder  of  the  coast  line  defences  are  absent.  The  nature 
of  the  shore  varies  greatly  :  it  is  formed  by  precipitous  clifis  near  Knook- 
adown,  but  of  lower  clifis  of  variable  height  and  texture  to  the  westward, 
rising  again  at  Poor  Head.  Near  the  latter  C.G.S.  and  that  of  Ballycrenane 
beach  material  is  removed  in  small  quantities,  as  well  as  from  Ardmore 
and  Youghal. 

Neither  side  of  Cork  Harbour  is  apparently  suffering  erosion,  nor  is 
the  coast  as  far  westward  as  Ringabella  Bay,  but  at  Robert's  Cove  and 
Rocky  Bay  the  losses  within  the  last  five  years  have  been  respectively 

Digitized  by  CjOOQIC 


280  BEPOBT— 1908. 

20  and  25  feet.  A  sea-wall  has  been  partially  destroyed,  but  there  are 
no  groynes,  and  sand  is  removed  from  Robert's  Ck>ye  at  low  water. 

The  neighbourhood  of  Reanies  Bay  and  Kinsale  Harbour  is  stationary, 
but  between  Hake  Head  and  the  Old  Head  of  Kinsale  low  sandy  cliffs 
have  been  levelled  and  covered  by  the  beach  within  the  last  live  years. 
The  coast  from  Courtmacsherry  Bay  westwards  to  Clonakilty  Bay  is 
undergoing  continual  and  obvious  erosion  where  unprotected  by  rocky  clifis. 
At  the  eastern  end  of  Broadstrand  in  Courtmacsherry  Bay  the  sea  iiows 
over  a  spot  where  thirty-five  years  ago  houses  were  to  be  seen ;  azT 
advance  estimated  at  about  30  yards.  One  mile  westward  at  Blindstrand 
a  road  formerly  crossed  from  laslee  village  to  Coolbawn,  on  the  opposite 
side  of  the  strand.  Tliis  is  now  130  yards  outside  the  present  high- water 
mark,  and  it  is  estimated  that  during  the  last  thirty  years  16  acres  of 
land  have  been  lost.  Coast-defences  have  not  been  neglected  :  the  Board 
of  Public  Works  built  a  wall  200  yards  in  length  on  the  eastern  side  of 
Blindstrand  to  save  the  village  of  Ldslee,  and  the  local  railway  company 
another  on  the  river  Argidean  to  protect  their  property. 

The  remainder  of  Clonakilty  Bay  and  the  coast  westward  past  Cape 
Clear  as  far  as  Mizen  Head  is  a  stable  region  of  bold  rocky  cliffs  broken 
now  and  again  by  sandy  beaches  and  coves.  The  coast  is  unprotected,  but 
little  material  is  removed,  and  no  alteration  is  on  record  except  a  slight 
gain  of  land  around  Schull,  where  the  spring  tides  do  not  run  so  far  up 
into  the  land  as  once  they  did. 

The  rugged  and  indented  coast  of  Bantry  Bay  and  the  Kenmare 
River  is  without  observations,  but  from  Ballinskeliigs  Bay  northward  the 
records  are  fairly  complete. 

Between  the  last-named  inlet  and  Brandon  Head  the  changes  are  but 
few.  The  waves  at  the  north- eastern  end  of  Ballinskeliigs  Bay  have  to 
some  extent  worn  away  the  cliff  at  exceptionally  high  spring  tides. 
There  are  no  groynes,  and  the  taking  of  sand  from  the  beach  appears  to 
produce  no  appreciable  effect. 

In  front  of  Ballinskeliigs  C.G.S.,  on  the  western  side  of  the  bay,  a  loss 
of  2^  feet  is  recorded  in  the  four  years  preceding  1899.  A  pier  close  by 
is  suggested  as  being  the  cause  of  this  erosion  by  collecting  shingle  on 
one  side  and  producing  thereby  an  eddy  which  does  the  damage.  No 
shingle  is  removed. 

On  the  southern  side  of  Dingle  Bay,  between  Coonanna  Point  and 
Rossbehy  Point,  the  sea  encroaches,  especially  in  the  winter  with  southerly 
or  south-westerly  gales.  The  cliffs  under  the  Bathing  Cottages  at  Ross- 
behy were  protected  by  large  blocks  of  concrete,  joined  with  railway-irons 
and  balks  of  timber.  These  having  no  effect,  large  concrete  blocks  were 
sunk  in  the  sand  and  boards  placed  from  one  to  the  other  ;  but  at  the  date 
of  the  report  (August  1899)  the  time  had  been  insufficient  to  test  the  effect 
of  this  arrangement. 

Losses  occur  in  both  Dingle  and  Smerwick  Harbours.  In  the  former 
a  sea-wall  formerly  existing  on  the  north-eastern  side  has  now  been  washed 
away,  and  also  a  portion  of  the  adjoining  land,  while  abreast  of  the  town 
and  public  road  walls  have  been  built  to  prevent  encroachment. 

In  Smerwick  Harbour  for  a  stretch  of  a  mile  (viz.  from  Ballynagall 
Point  to  Murriegh)  a  cliff  of  average  height  of  some  12  feet  is  crumbling 
through  the  action  of  the  sea,  which  has  broken  into  an  old  public  road 
and  rendered  it  almost  impassable.  The  fishing-pier  at  Ballynagall  has 
probably  retarded  the  erosion  of  the  banks  in  its  vicinity. 
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Local  lo«8  of  land  is  reported  from  the  C.G.S.  at  the  mouth  of  the 
Gasheen  River,  and  north  of  the  month  of  the  Shannon  along  the  stretch 
of  coast  between  Kilkee  and  MiUtown  Malbay. 

The  annual  lots  from  Qoolen  to  Doonbeg  Bridge  (Kilkee)  is  given  as 
6  inches,  an  estimate  derived  from  information  given  by  the  older  fisher- 
men, while  northwards  it  is  rather  greater,  in  Mai  Baj,  where  zhe  clif!s 
are  less  high  than  to  the  south  and  interspersed  with  low  and  sandy  coast. 
Some  sand  is  removed  and  no  groynes  have  been  built.  The  northern 
shore  of  Oalway  Bay  and  the  Aran  Islands  show  no  change  (small 
quantities  of  sand  are  removed),  but  the  southern  shore  from  Kilcolgan 
]Bridge  northward  for  30  miles  is  undergoing  gradual  erosion. 

The  vertical  rctnge  of  ordinary  spring  tides  may  be  summarised 
by  taking  the  averages  of  a  number  of  observations  at  adjacent  points. 
The  figures  (in  feet)  are  as  follows  : — In  the  Solway  Firth  22*5,  falling  off 
to  15  in  Wigtown  and  to  9  off  the  Ayrshire  coast  and  towards  the 
Firth  of  Clyde.  On  the  Caithness,  Sutherland,  coast  the  reading  are 
15,  decreasing  to  13  in  the  Moray  Firth,  to  rise  to  16  off  reter- 
head  and  Aberdeen.  A  lowering  of  about  2  jfeet  takes  place  towards  the 
Firth  of  Tay  to  rise  again  to  the  same  level  (16)  off  the  Haddington  coast, 
whence  there  is  a  gradual  decrease  of  about  3  feet  to  Hartlepool.  At  the 
mouth  of  the  Humber,  however,  the  range  is  19  feet  (21*75  at  Barton^  ; 
but  while  maintaining  an  18  or  20  feet  range  at  the  entrance  to  tne 
Wash  the  variation  is  much  lower  off  the  East  Anglian  coa<*t  (say  7*5), 
thence  gradually  increasing  to  18*75  round  East  Kent.  The  highest 
reading  on  the  southern  coast  is  in  the  neighbourhood  of  Hastings 
(24) ;  the  lowest  on  the  southern  side  of  the  Isle  of  Wight,  and 
towards  Portland  (7*5  and  9*8  respectively).  Once  more  the  range  rises 
to  about  16,  which  is  maintained  to  the  North  Cornwall  coast,  where 
the  figures  again  increase  (18*75)  to  27*5  in  North  Devon.  On  the 
Glamorganshire  coast  we  find  33*8,  in  the  southern  part  of  Cardigan 
Bay  12,  on  the  North  Welsh  coast  19,  and  in  Liverpool  Bay  27*5. 
The  variations  in  Ireland  are  less  conspicuous,  in  Oalway  Bay  12*5, 
decreasing  slightly  as  we  go  northwards,  and  being  decidedly  less  between 
Malin  Head  and  Belfast  Lough  (8*7  to  7*4).  Southwards  the  range  in- 
creases to  14*6  off  County  l3k>wn,  11*8  off  County  Dublin,  and  varies 
between  13*25  and  11*75  off  the  southern  coast. 

In  this  report  little  or  no  description  is  given  of  the  nature  of  the 
coast.  Mr.  Wheeler's  book  supplies  this  defect  for  England,  while,  in 
judging  from  the  reports  sent  in,  it  is  often  doubtful  how  closely  a  general 
description  of  the  coast  can  be  applied  to  any  particular  part  which  is 
undergoing  change.  The  writer  concluded  that  aetails  of  this  kind  would 
not  add  materially  to  the  value  of  the  report  and  would  greatly  increase 
its  length. 

[SiDce  this  Report  was  read  at  the  Sonthport  Meeting,  Mr.  R.  O.  AIlaDson-Winn 
has  pablished  various  criticisms  in  letters  to  the  Tttnei^  Daity  Expreu,  and  other 
publications,  and  has  sent  numerous  communications  on  the  subject  to  the  Com- 
mittee. It  has  been  thought  best,  however,  to  allow  i  he  Report  to  be  published  as 
it  stands,  and  any  corrections  which  may  be  found  necessary,  either  in  the  infor- 
mation supplied  by  the  Coastguaid  Service  or  in  the  deductions  drawn  from  it,  can 
be  inserted  in  the  next  Report  submitted  to  the  Association.] 
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Occupation  of  a  Table  at  the  Zoological  StaMon  at  Naples. — Report  of 
the  Committee,  comdsting  of  Professor  6.  B.  Howes  (Chairman)  ^ 
Mr.  J.  E.  S.  Moore  (Secretary),  Dr.  E.  Ray  Lankester,  Professor 
W.  P.  R.  Weldon,  Professor  S.  J.  Hickson,  Mr.  A.  Sedgwick, 
amd  Professor  W.  C.  McIntosh. 

Report  on  the  Occupation  of  the  Table  during  February,  March,  April, 
and  half  of  May,  1903. 

The  Oocyte  of  Tomcpteris,    By  William  Wallace,  B.Sc. 

At  Naples  I  studied  the  earlier  stages  of  the  oogenesis  of  Tomopteris 
onisciformia,  Esch.,  and  particularly  the  changes  in  the  germinal  vesicle 
during  the  growth  of  the  oocyte. 

Since  Eschscholtz  discovered  this  species  in  1825,  several  naturalists, 
including  Claparkie,  Vejdowski,  Carpenter,  and  Fullarton^  (1895),  have 
dealt  with  the  genital  products  of  Tomopteris,  and  have  described  the 
more  obvious  features  of  the  oogenesis,  such  as  the  following  : — 

1.  The  origin  of  the  ovaries  in  the  rami  of  the  parapodia  by  pro- 
liferation of  cells  of  the  coelomic  epithelium. 

2.  The  detachment  from  the  ovary  and  discharge  into  the  ccelom  of 
balls  of  cells.  One  cell  of  each  cluster,  increasing  in  size,  becomes  the 
oocyte,  while  the  remainder — some  half  dozen  or  so — continue  attached 
to  the  larger  cell,  and  constitute  the  *  nurse-cells.' 

3.  The  growth  of  the  oocyte  (apparently)  at  the  expense  of  the  group 
of  nurse-cells,  which  is  soon  no  more  than  a  cap  or  small  appendage  at 
one  pole  of  the  egg.     These  nurse-cells  finally  degenerate  and  disappear. 

Such  phenomena  are  not  diagnostic  of  the  oogenesis  of  Tomopteris, 
but  have  been  described  for  other  Polychsetes,  such  as  Ophryotrocha 
(Korschelt  -),  Onuphis  (Bergmann  ^),  &c. 

The  cytological  changes  accompanying  the  growth  and  maturation 
of  the  egg  of  Tomopteris  do  not  appear  to  have  been  studied  hitherto. 
Some  observations  on  this  head  may  accordingly  be  of  interest. 

The  material  at  my  disposal  was,  thanks  to  the  kindness  of  Dr.  Lo 
Bianco,  tolerably  abundant.  The  species,  however,  does  not  seem  to  be 
so  plentiful  here  as,  for  example,  at  St.  Andrews,  where,  during  certain 
seasons,  large  quantities  are  found  in  the  tow  nets.  Neither  were  the 
ripe  female  specimens  so  large  at  Naples.  All  that  I  had  to  deal  witli 
were  under  a  centimetre  in  length,  whereas  at  St.  Andrews  the  specimens 
commonly  attained  a  length  of  two  or  three  centimetres  (if  I  remember 
rightly). 

In  all  the  Neapolitan  specimens  I  examined  numerous  gregarines 
occurred,  mostly  in  an  encysted  condition  in  the  epithelium  of  Uie  gut. 

I  studied  the  eggs  in  the  fresh  state,  when,  like  the  whole  body  of 
Tomopteris,  they  are  transparent.  I  also  studied  them  in  serial  sections 
of  fixed  material. 

>  FuUarton,  Z^fl,  Jahrh.  {SpengeVi),  Morpb.  Abth.,  viii.  Bd.,  1895. 

«  Korschelt,  2eU,fuT  nni$.  Zool,  Bd.  Ix.  1896. 

*  Bergmann,  Zeit.fiir  wU$.  Zool,  Bd.  IzziiL,  Hft  2, 1902. 
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The  following  points  were  made  out  in  the  larger  eggs  before  treatment 
with  reagents. 

The  eggs  are  perfectly  spherical  and  transparent.  The  nurse-cells, 
if  still  present,  occupy  a  small  area  at  one  pole.  There  is  no  follicle 
around  die  egg,  but  an  extremely  fine  membrane  (?  zona) — which  therefore, 
as  Bergmann  points  out  for  Onuphis,  must  be  an  independent  product 
of  the  egg  itself — is  present  at  the  surface.  In  the  cytoplasm  just  under 
the  membrane  minute  highly  refracting  droplets,  probably  of  oil,  can  be 
discerned.  They  are  often  in  clusters  and  of  various  sizes.  In  the  very 
centre  of  the  egg  is  the  perfectly  spherical  germinal  vesicle  with  a  single 
highly  refractive  germinal  spot  or  nucleolus.  Occasionally  one  or  two 
smaller  refractive  bodies  (the  '  neben-nucleoli ')  may  be  seen  within  the 
germinal  vesicle.  The  position  of  the  germinal  spot  is  invariably 
eccentric.  Vacuoles  varying  in  number  and  size  could  be  distinguished 
in  the  nucleolus,  except  in  the  case  of  the  largest  eggs.  The  nucleolus 
of  the  full  sized  eggs  was  notably  smaller  and  at  times  contained  a  small 
vacuole.  The  nucleolus,  therefore,  enlarges  up  to  a  certain  point  in  the 
growth  of  the  oocyte  and  then  diminishes.  Its  complete  dissolution  was 
not  observed. 

The  space  between  the  germinal  vesicle  and  the  egg  membrane  is 
filled  up  with  yolk  spheres.  These  are  nearly  uniform  in  size,  and  almost 
touch  one  another,  leaving  very  little  protoplasm  between.  The  spheres 
are  not  very  highly  refractive,  and  are  therefore  only  vaguely  discernible 
in  the  fresh  egg. 

In  the  germinal  vesicle  of  the  full- sized  eggs  one  can  distinguish, 
besides  the  nucleolus,  certain  nebulous  or  flocculent  masses.  These  are 
the  definitive  chromosomes.  To  see  them  in  the  fresh  egg  requires  a 
certain  intensity  of  light  and  careful  focussing. 

By  the  addition,  under  the  cover-glass,  of  an  aqueous  solution  of 
methyl  green  more  facts  were  brought  to  light.  As  the  green  solution 
reaches  the  eggs  these  swell  up  somewhat  and  burst  their  membranes. 
Often  the  yolk  is  extruded  in  small  drops  through  the  substance  of  the 
membrane,  the  external  surface  of  which  is  accordingly  studded  with 
drops.  This  observation  seems  to  indicate  that  the  egg  membrane  of 
Tomopteris,  like  the  zona  radiata  of  vertebrates,  is  perforate.  The 
protoplasm  flows  out  through  a  rupture  in  the  capsule  slowly,  sometimes 
in  long  strings  like  a  syrup.  The  yolk  spheres  entangled  in  it  generally 
adapt  themselves  to  the  size  of  the  aperture  and  pass  out  intact.  On 
coming  in  contact  with  the  watery  solution  they  break  down  and  flow 
together.  The  yolk  spheres  are,  I  think,  evidently  viscid  drops  of  some 
albuminous  substance.  Inside  the  egg  the  syrupy  protoplasm  in 
which  the  spheres  are  imbedded  appears  quite  homogeneous  and  trans- 
lucent, but  as  it  flows  out  into  the  watery  methyl-green  solution  minute 
grannies  (?  microsomes)  come  into  view  in  its  interior.  It  is  probable 
that,  as  Wilson  ^  has  observed  in  the  case  of  certain  Echinoderm  and 
Annelid  eggs,  the  yolk  of  the  Tomopteris  egg  forms  a  true  emulsion  in 
Biitschli's  sense.  I  cannot,  however,  definitely  state  the  existence  of 
microsomes  in  the  cytoplasm  of  uninjured  eggs,  %,e.  before  contact  with 
the  methyl-green  solution.  Probably  they  are  naturally  present  in  this 
transparent  egg  and  only  require  a  coloured  solution,  like  methyl  green, 
to  show  them  up. 

'  WilsoD,  Javmal  qf  Morphology ,  vol.  xv.,  Sopplemect,  1899.^  . 
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Turning  now  to  the  germinal  vesicle,  after  treatment  with  methyl 
green.  This  body  is  often  extruded  intsu;t.  As  the  green  solution 
reaches  it,  minute  refringent  granules  in  constant  dancing  motion  come 
into  view.  After  oscillating  for  some  time  these  gran  ides  settle  down 
and  arrange  themselves  in  a  network  formation.  Here  again,  as  in  the 
case  of  the  microsomes,  it  is  not  very  easy  to  say  whether  the  granules 

S re-existed  in  the  natural  state  of  the  egg.  In  the  meshes  of  the  network 
irger  granules  (?  lanthanin  of  Heidenhain)  were  seen.  None  of  these 
minute  granules  stained  with  the  methyl  green  ;  in  fact,  the  only 
structures  in  the  nucleus  which  take  up  this  stain  are  the  chromosomes 
(strong)  and  the  nucleolus  (faintly).  The  chromosomes  appear  to  be 
rings  or  loops  of  irregular  form.  They  are  very  thick  and  roughly 
moniliform — very  different  in  appearance  from  the  smooth  outlined 
attenuate  loops  depicted  by  Korschelt  in  the  nearly  ripe  egg  of  Ophryo- 
trocha.  I  counted  four  chromosomes  in  full- sized  eggs  of  Tomopteris. 
Korschelt  gives  the  same  number  for  Ophryotrocha. 

The  numerous  unstainable  granules  in  the  full-grown  germinal  vesicle 
of  Tomopteris  appear  to  correspond  to  Heidenhain's  ^  oxychromcUin  granules^ 
while  the  substance  of  the  chromosomes — which  stains  with  methyl  green — 
is  basichromatin. 

Besides  the  larger  eggs,  oocytes  with  chromatin  in  the  primitive 
spireme  stage  were  examined  after  treatment  with  methyl  green.  The 
spireme  stains  intensely.  In  somewhat  older  oocytes  with  reticular 
nucleus  the  nucleolus  lies  eccentrically  in  the  nucleus,  and  is  surrounded 
by  a  vacuole  to  the  walls  of  which  it  is  moored  by  radiating  threads  of 
the  network.  The  growth  of  the  nucleolus  keeps  pace  with  the  growth  of 
the  germinal  vesicle  and  of  the  oocyte.  It  is  at  first  homogeneous,  but 
becomes  gradually  more  and  more  vacuolated.  These  small  vacuoles  fuse 
to  form  a  single  large  eccentric  vacuole.  Finally,  in  full-sized  eggs,  the 
nucleolus  is  smaller,  and  contains  no  large  vacuole.  It  seems  probable 
therefore  that  the  decrease  in  size  is  due  to  the  collapse  of  the  vacuole 
and  discharge  of  its  fluid  contents  into  the  nucleus. 

For  sections  various  methods  were  tried.  The  fixing  agents  employed 
were  chiefly  Mann's  picro-corrosive-formol  mixture,  Gilson'smercuro-nitric- 
acetic  fluid,  Hermann's  fluid,  and  Boveri's  picro-acetic.  The  Hermann 
preparations  were  stained  with  thionin  or  safranin.  The  others  were 
variously  treated,  the  chief  combinations  employed  being  Heidenhain's 
iron-hsematoxylin  with  orange  green,  Delafield's  hiematoxylin  with  eosin 
or  congo-red,  borax  cai-mine  and  picro-nigrosin,  and  nigrosin  and  'light 
green.'  On  the  whole,  perhaps  the  best  results  were  obtained  with 
material  fixed  in  Boveri's  picro-acetic  and  stained  with  nigrosin  and  light 
green.  The  latter  is  a  very  rapid  staining  method,  and  gives  a  good 
chromatin-achromatin  differentiation.  It  suflices  to  stain  for  one  and  a 
half  minute  in  a  saturated  aqueous  solution  of  nigrosin,  and  then  for 
half  a  minute  in  an  alcoholic  solution  of  *  light  green.'  By  this  method 
only  the  chromatin  proper  stains  black,  while  the  nucleolus  and  the 
cytoplasm  stain  green.  The  nucleolus  is  especially  prominent  in  these 
preparations,  appearing  as  a  shining  green  body.  The  nucleoli  both  of 
the  germinal  vesicle  and  tissue  cells,  such  as  the  epithelium  of  the  gut, 
stain  similarly  with  the  light  green,  and  do  not  take  up  the  black. 
Nigrosin,  however,   does  not    distinguish    between   oxychromatin   and 

»  Heidenhain,  <Ueber  Kern  nnd  Protoplasma,'  FeMtsohr.fur  K6Uih8^,  1892,  &c. 
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basi-chromatin  :  both  constituents  stain  black.  Its  chief  use  is  for  differ- 
entiating  the  nucleolus  from  the  chromatin.  This  is  what  iron-hsema- 
toxjlin,  for  example,  does  not  do. 

The  results  of  staining  sections  of  the  fixed  ova  of  Tomopteris  were  as 
follows : — 

Iron  hoimcUoxylin  aiid  orange  G,  varies  a  good  deal,  according  to  the 
time  allowed  for  extraction  of  the  stain  with  iron-alum.  After  a  long 
extraction  primitive  spireme,  nucleolus,  and  definitive  chromosomes,  black. 
Oxychromatin,  orange.  Cytoplasm,  purple.  Yolk  spheres  and  zymogen 
granules  of  gut  cells,  pale. 

Dela field's  It/Bmatoxylin  and  eosin. — Nucleolus,  brick  red.  Chromatin, 
blue  to  light  red,  according  to  age  of  oocyte. 

BoraX'Cannine  and  picro-nigrosin, — Nucleolus  and  definitive  chromo- 
somes, bright  red.     Remaining  nuclear  contents,  purple. 

Nigroain  and  light  green. — Nucleolus,  green.  Chromatin,  black. 
Cytoplasm,  green. 

It  will  thus  be  seen  that  with  certain  combinations  of  dyes  nucleolus 
and  *  basi-chromatin  '  stain  alike,  whereas  other  double  stains  differentiate 
these  two  constituents  of  the  nucleus.     The  result  is  rather  conflicting. 

The  precise  origin  of  the  nucleolus  or  germinal  spot  could  not  be 
made  out.  It  is  present  when  the  chromatin  is  in  the  spireme  stage  and 
the  nucleus  has  as  yet  no  definite  membrane.  When  the  membrane  is 
formed  the  nucleolus  Ls  applied  to  its  inner  surface,  and  has  one  side 
flattened  against  the  latter.  As  the  egg  grows  the  nucleus  leaves  the 
wall  and  lies  eccentrically  within  the  nucleus.  It  is  invariably  surrounded 
by  a  vacuole,  to  the  walls  of  which  it  is  moored  by  threads  of  the  nuclear 
reticulum.  The  progressive  vacuolisation  of  the  germinal  spot  has  been 
already  referred  to. 

The  large  eccentric  vacuole  of  the  germinal  spot  owes  its  origin 
apparently  to  the  fusion  of  numerous  smaller  vacuoles.  When  this  fusion 
is  complete  the  germinal  spot  has  attained  its  greatest  size.  The  single 
large  vacuole — in  stained  sections — contains  a  reticulum  with  granules 
staining  exactly  like  the  nuclear  reticulum,  although  no  communication 
between  the  vacuole  and  the  contents  of  the  nucleus  could  be  certainly 
demonstrated.  This  vacuole  with  its  contained  reticulum  corresponcb 
to  what  certain  authors  call  the  plastin  portion  of  the  nucleus  and  to  the 
'  nebentheil '  (Flemming  ^)  of  the  nucleus  of  the  Lamellibranch  egg.  The 
reticulum  looks  exactly  like  an  included  ^portion  of  the  general  nuclear 
reticulum.  It  may,  however,  be  due  to  the  coagulation  of  the  intra- 
vacuolar  fluid. 

The  germinal  spot  or  chief  nucleolus  of  the  oocyte  of  Tomopteris  is 
certainly  not  a  karyosome  ;  neither  is  it  a  chromatin  nucleolus  in  Camoy's 
sense  ;  that  is  to  say,  it  has  no  genetic  relation  to  the  chromosomes  or 
*  nudeinkorper '  as  have  the  numerous  nucleoli  of  the  germinal  vesicle  of 
Amphibia  and  Fishes  (according  to  Camoy  ^  and  Bohde  %  Further,  there 
appears  to  be  no  diflerence,  as  regards  staining  properties  and  morpho- 
logical relations,  between  the  germinal  spot  of  the  egg  and  the  nucleolus 

I  Flemming,  Zellmhttanz^  Kern  und  ZelUheilung,  1882,  &c. 

*  Camoy  et  Lebran,  *  La  vesicnle  germinative  et  les  polaires  globules  obez  les 
Batiaohiens,'  La  OeUule,  12, 14, 17. 

'  Bobde,  *  Ueber  den  Baa  der  Zelle,  1.  Eem  und  Kernkorper,'  Zeit.fur  win,  Zool , 
Bd.  Ixxiii,  H£t.  4,  1908. 
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of  the  tissue  cells,  such  as  the  gut  epithelium.  '  Neben-nuclei,'  or 
secondary  nuclei  of  minute  size,  are  to  be  found  in  the  germinal  vesicle 
during  the  growth  of  the  egg.  They  stain  like  the  chief  nucleolus,  and 
are  often  found  in  close  proximity  to  this  body.  Similarly  staining 
granules  found  in  the  vacuole  or  vacuoles  of  the  chief  nucleolus  may  be  of 
the  same  nature.  These  *  neben-nucleoli '  are  variable  in  size  and  number. 
They  may  be  readily  demonstrated  by  means  of  iron-hsematoxylin  or  by 
the  nigrosin-light-green  combination.  In  the  iron-hsematoxylin  prepara- 
tions minute  black  granules  resembling  the  neben-nucleoli  were  found 
scattered  in  the  cytoplasm  as  well  as  in  the  germinal  vesicle.  Roule 
(Ascidian  ova)  and  others  have  described  a  migration  of  nucleoli  into  the 
cytoplasm.  Recently  (1901)  Schockaert  ^  (Thysanozoon)  and  Gerard  ^ 
(Prostheceracus)  have  noted  the  presence  of  such  chromatophil  bodies  in 
the  germinal  vesicle  and  their  elimination  into  the  cytoplasm.  Both 
authors  employed  iron-haematoxylin.  Gerard  considers  that  these  bodies 
represent  portions  of  waste  nuclein  derived  from  the  chromatin  element 
and  destined  to  be  eliminated  from  the  nucleus.  Schockaert,  on  the 
contrary,  thinks  that  they  are  '  nucleolules,'  which  first  appear  in  the 

*  plastin  portion  '  of  the  chief  nucleolus,  and  are  afterwards  expelled  into 
the  nucleus,  where  they  form  secondary  nucleoli,  and  there  dissolve. 
According  to  him,  they  do  not  contribute  to  the  formation  of  the 
chromosomes.     Eohde  (1903)  describes  a  chief  nucleolus  and  numerous 

*  neben-nucleoli '  in  the  egg  of  the  cat.     He  thinks  that  the  former  is  a 

*  cell  organ,'  and  that  its  vacuoles  have  a  secretory  significance  (c/. 
Hacker^),  while  the  *  neben-nucleoli,*  like  the  ordinary  nucleoli  of  the 
Amphibian  egg,  are  genetically  related  to  the  chromatin  grannies  (nuclein- 
korper),  the  two  kinds  of  granules  being  mutually  convertible. 

I  could  find  no  evidence  in  the  case  of  Tomopteris  for  a  relation 
between  the  neben-nucleoli  and  the  substance  of  the  chromosomes.  The 
circumstantial  evidence  was  rather  in  favour  of  Schockaert's  view  that 
the  neben-nucleoli  are  derived  from  the  chief  nucleolus.  I  could  not 
decide  whether  the  chromatophil  granules  in  the  cytoplasm  were  of  the 
same  nature.  They  were  only  seen  in  the  iron-haematoxylin  preparations 
and  may  be  artefacts. 

There  is  no  evidence  that  the  chief  nucleolus  gives  direct  origin  to  the 
chromosomes  of  the  first  maturation  figure,  although  several  observers 
have  stated  and  figured  such  a  relation  in  the  case  of  other  eggs.  The 
definitive  chromosomes  are  formed  apparently  quite  independently  of  the 
chief  nucleolus.  I  have  seen  nothing  resembling  Carnoy's  and  ECart- 
mann's^  figures  of  chromatin  filaments  emanating  from  nucleoli.  The 
definitive  chromosomes  are  formed  while  the  membrane  of  the  germinal 
vesicle  is  still  intact.  They  arise  apparently  by  a  condensation  of  the  pre- 
existing chromatin  by  a  growth  and  possibly  a  fusion  of  certain  granules 
along  certain  tracts.  The  granules  composing  the  chromosomes  differ  in 
two  respects  from  the  granules  of  the  general  reticulum  : — (1)  they  are 
larger,  and  (2)  they  stain  with  methyl  green,  hsematoxylin,  and  other 

*  basic '  dies. 

The  changes  in   the  chromatin  of  the  nucleus   from   the  primitive 

»  Schockaert,  La  MluU,  18,  1901. 
*  Gerard,  ibid, 

'  H&cker,  Doi  Keimblatehen,  seine  Elemtnte  tmd  Lageverwndervn§en,  i.  ii. ;  Arok. 
f,  mihr,  Anat,  Bd.  xU.  xlii.,  Jah/rg.  1893. 

«  Hartmann,  *  Eireifung  von  Asterioi  glaoial%$,'  Zool.  Jah/r,  xv.  1902. 
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Spireme  stage  up  to  the  formation  of  the  definitiye  chromosomes  will  now 
be  briefly  described.  As  the  egg  grows,  the  chromatin  undergoes  a 
progressive  change  both  in  structure  and  in  staining  property.  In  the 
spireme  stage  it  consists  of  a  thick  filament  loosely  coiled  and  lying  in  a 
vacuole  in  the  cytoplasm.  This  filament  has  a  square  or  polygonal  cross- 
section  and  is  monilated.  I  did  not  observe  any  signs  of  a  longitudinal 
division  of  this  primitive  spireme.  Threads  (?  linin)  extend  in  ladder 
fashion  between  the  monilations  on  adjacent  portions  of  the  filament  and 
similar  threads  (green  with  nigrosin -light  green)  moor  the  coil  to  the 
walls  of  the  vacuole  in  which  it  lies.  Later  a  definite  nuclear  membrane 
lines  the  walls  of  this  vacuole,  and  would  thus  appear  to  be  of  cytoplasmic 
origin.  The  chromatin  of  the  spireme  has  a  compact  appearance  even 
under  a  ^^j  oil-immersion  lens. 

The  chromatin  of  the  spireme  stains  deep  black  with  iron-hsematoxylin, 
and  intensely  blue  with  Delafield's  hematoxylin.  During  the  growth  of 
the  oocyte  the  spireme  is  gradually  resolved  into  a  network  in  a  manner 
not  very  clearly  understood.  The  compact  substance  of  t^e  spireme  is 
resolved  into  dustinct  granules  which  are  distributed  along  the  threads  of 
a  now  copious  reticulum,  but  are  more  massed  together  at  certain  points. 
The  germinal  vesicle  of  the  more  advanced  eggs  has  a  beautiful  open  net- 
work with  very  large  meshes.  In  this  diffuse  form  the  chromatin  does  not 
stain  readily  with  hasnuUoxylinj  but  rather  witJi  acid  d^es^  such  as  eosin, 
orange  G,  and  congo  red.  It  possibly  corresponds  to  the  oxychromatin  of 
Heidenhain.  This  progressive  change  in  staining  properties  on  the  part 
of  the  chromatin  during  the  growth  of  the  egg  may,  as  Rohde  (1903) 
asserts  for  cells  in  general,  be  the  expression  of  a  loss  of  phosphorus  on 
the  part  of  the  chromatin  granules  (Nucleinkorper),  The  observation  is 
quite  in  line  with  the  chemical  researches  of  Zacharias,  Rosen,  and  others, 
according  to  whom  the  nuclei  of  the  meristomatic  cells  of  plants  contain 
more  phosphorus  than  the  nuclei  of  cells  which  have  been  growing  for 
some  time. 

Again,  when  the  definitive  chromosomes  are  being  formed,  that  part 
of  the  chromatin  which  goes  to  form  these  bodies  stains  intensely  with 
haematoxylin,  and,  in  the  fresh  state,  with  methyl  green.  The  remainder 
of  the  chromatin — the  *  residual  chromatin '  of  authors — is  acidophil  in 
its  reaction. 

In  connection  with  the  important  but  difficult  question  as  to  which  of 
the  manifold  appearances  in  fixed  and  sectioned  cells  represent  organised 
structures,  and  which  are  mere  coagulation  products,  some  observations 
on  the  yolk  spheres  of  the  egg  of  Tomopten's  may  be  mentioned. 

The  yolk  spheres,  as  may  be  easily  demonstrated  in  the  living  egg  by 
pressure  under  the  cover-glass,  are  fluid  or  viscid  drops,  and  must,  of 
course,  be  regarded  as  inert  bodies  :  they  are  quite  homogeneous  until 
attacked  by  a  fixing  reagent,  such  as  a  drop  of  Gilson's  fluid  let  under  the 
cover-glass.  The  yolk  spheres  then  appear — under  a  low  magnification — 
to  have  a  uniform  granular  structure.  Under  a  high  power  {>^ 
oil  immersion)  this  granular  structure  resolves  itself  into  a  beautiful 
uniform  network,  like  that  of  a  nucleus  in  the  resting  stage,  except  that 
the  reticulum  is  quite  uniform  throughout.  There  can  be  little  doubt 
that  this  reticulum  is  a  pseudo-structure  due  to  the  coagulating  action  of 
the  fixing  fluid.  In  sections  the  spheres  are  often  to  a  greater  or  less 
extent  dissolved,  and  cease  to  fill  completely  the  vacuole  in  the  protoplasm 
which   they  formerly  occupied.     This  pseudo-reticulum   can  be  easily 
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stained  with  iron-hsematoxylin  if  care  be  taken  not  to  extract  too  long* 
with  the  alum.  In  such  preparations  the  resemblance  to  a  nucleus  is  very 
striking. 

The  cytoplasm  of  the  egg  of  Tomopteris  in  stained  sections  under  & 
high  power  presents  a  most  distinct  reticulum,  the  granules  seen  under  a 
lower  power  being  apparently  the  cross-sections  of  filaments.  This  is 
equally  true  of  the  scanty  cytoplasm  which  lies  between  the  yolk  spheres 
in  the  larger  eggs.  The  difficulty  is  how  to  reconcile  this  observation  with 
the  emulsion  structure  noted  in  the  fresh  egg.  It  may  be  that  the 
'microsomes'  certainly  seen  in  methyl -green  preparations  have  been 
dissolved  out,  and  that  it  is  the  network  of  intermediate  or  '  continuous 
substance '  which  is  seen  stained  in  sections. 

The  material  available  at  Naples  during  my  occupancy  of  the  table  did 
not  provide  me  with  any  stages  later  than  that  at  which  the  definitive 
chromosomes  are  formed.  I  was  unable,  therefore,  to  study  the  polar  bodies 
and  fertilisation  in  this  form.  The  preparation  of  a  detailed  and  illus- 
trated account  of  my  observations,  which  I  hope  to  extend,  and  a  discussion 
of  the  more  important  literature  bearing  on  the  subject  must  stand  over 
in  the  meantime. 

In  conclusion  I  desire  to  thank  heartily  the  Committee  for  the  use  of 
their  table,  and  to  express  the  sense  of  obligation  which  every  student  of 
marine  zoology  must  feel  who  has  had  the  privilege  of  working  at  ihe 
renown€ki  Stazione.  Of  the  kind  attention  of  the  authorities  of  that 
institution  I  entertain  the  most  pleasant  recollections. 


Index  Oenei^vm  et  Specierum  Animalium, — Report  of  the  Committee, 
ccmsisting  of  Dr.  Henry  Woodward  (Chaimum),  Dr.  F.  A. 
Bather  (Secretary),  Mr.  W.  E.  Hoyle,  Mr.  R.  McLachlan, 
Dr.  P.  L.  ScLATER,  and  the  llev.  T.  R.  R.  Stebbing. 

The  Committee  have  the  honour  to  report  that  at  the  end  of  October^ 
1902,  the  first  volume  of  this  work  was  published.  It  covers  the  period 
1758-1800,  and  was  issued  by  the  Cambridge  University  Press.  The 
volume  consists  of  1,254  pages,  viz.  59  pp.  of  'Introduction  and  Biblio- 
graphy,' 1,071  pp.  of  ' Index,'  and  124  pp.  of  'Index  to  Generic  Names, 
showing  the  trivial  names  associated  with  each,'  from  1758-1800. 

The  work  has  been  well  received,  and  favourable  reviews  have  appeared 
in  the  'Geological  Magazine,'  'Revue  des  Questions  Scientifiques,' 
' Zoologist," ZoologischesZentralblatt,'  'Entomologists' Record,'  'Science,' 
'Athenaeum,'  ' Nature,' '  American  Journal  of  Science,'  <&c. 

Numerous  letters  have  also  been  received  from  the  Continent  and 
America  containing  gratifying  expressions  as  to  its  value  to  zoologists. 

The  indexing  of  1801-1900  continues  in  a  satisfactory  manner,  but  it 
is  of  necessity  slower,  as  the  question  of  the  determination  of  dates  of 
publication  of  works  which  have  appeared  in  parts  makes  the  compiler's 
progress  a  very  laborious  one. 

The  amount  of  last  year's  grant  has  been  drawn  (with  the  authority 
of  the  Committee)  and  applied  by  Mr.  C.  Da  vies  Sherbom  to  the  carrying 
on  of  the  work  during  the  year  now  ending. 

The  Committee  earnestly  request  reappointment  with  a  grant  of  1001. 
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Bird  Migration  in  Oreat  Britain  and  Ireland. — Sixth  and  Final  Report 
of  the  Committee,  consisting  of  Professor  NEWroN  (Chairman), 
Rev.  E.  P.  Knubley  (Secretary),  Mr.  John  A.  Harvie-Brown, 
Mr.  R.  M.  Babrington,  Mr.  A.  H.  Evans,  and  Dr.  H.  0.  Forbes, 
appointed  to  work  out  the  details  of  the  ObseraoMons  on  il\e  Migra^ 
tion  ofBirdsS  at  Lighthoibses  and  Lightships^  1880-1887. 

In  submitting  this,  which,  according  to  the  intimation  more  than  once 
previously  given,  your  Committee  intend  to  be  their  last  Report,  they 
again  have  the  pleasure  of  including  a  summary  by  Mr.  William  Ejtgle 
Clarke  of  the  o1)servations  on  the  highly  interesting  movements  of  two 
well  known  species,  the  Starling  (SturniM  vulgaris)  and  the  Rook 
(Corvus  frugxUgas)y  which  he  has  prepared  with  the  same  skill  as  he 
exercised  upon  the  six  species  he  has  treated  in  former  Reports,  and  with, 
if  possible,  a  greater  expenditure  of  time  and  toil,  on  account  of  the 
difficulty  of  coping  with  the  details  of  such  complicated  movements  as  are 
therein  recorded. 

Your  jCommittee  feel  that,  while  Mr.  Clarke's  work  speaks  for  itself, 
they  find  it  hard  to  express  their  indebtedness  to  him  for  the  labour  he  has 
undergone  in  drawing  up  the  eight  summaries,  a  labour  almost  unrequited, 
and  so  great  that  nothing  but  intense  zeal  would  render  its  performance 
possible.  Everyone  acquainted  with  the  subject  of  Bird  Migration  will 
admit  that,  owing  to  the  plan  followed  by  Mr.  Clarke,  so  much  informa- 
tion in  rogard  to  the  species  whose  movements  he  has  worked  out  has 
never  been  given  before,  and  that  within  space  which  cannot  be  deemed 
excessive. 

It  will  be  observed  that  of  the  eight  species  which  have  been  the  chief 
subjects  of  attention,  only  two,  or  three  at  most — the  Swallow,  the 
Fieldfare,  and,  perhaps,  the  White  Wagtail — are  popularly  considered  to 
be  '  Migrants '  in  this  country,  the  others,  being,  as  species,  resident  in  it 
throughout  the  year.  Yet  nothing  has  been  more  clearly  proved  than 
that,  as  individuals^  Song-Thrushes,  Skylarks,  Lapwings,  Starlings,  and 
Rooks  are  migratory  in  the  highest  degree,  a  fact  which  had  before  been 
known  to  comparatively  few  ornithologists,  and  wholly  unsuspected  by 
the  public  at  large,  though  these  are  among  our  most  familiar  birds. 
The  clear  way  in  which  this  has  been  set  forth  by  Mr.  Clarke  ought  to 
remove  all  misapprehension  on  this  matter,  and  in  itself  almost  justifies 
the  whole  inquiry,  instituted  more  than  twenty  years  ago,  since  an  obvious 
inference  is  that  many  other  species  must  show  the  same  character,  and 
hence  that  Migration,  among  birds  of  these  islands  at  least,  instead  of 
being  the  exceptional  quality  it  was  once  thought,  may  be  general. 

It  would  no  doubt  be  extremely  desirable  for  more  species  to  be 
subjected  to  the  same  rigid  examination  as  the  eight  upon  which 
Mr.  Clarke  has  laboured,  but  your  Committee  believe  that  the  results 
would  hardly  repay  the  toil.  It  is  not  to  be  expected,  of  course,  that  any 
two  species,  even  among  those  most  nearly  allied,  would  be  precisely  alike  in 
their  movements,  but  the  amount  of  difference  observable  would  probably 
be  immaterial,  and  nearly  all  the  species  which  appear  at  the  Lighthouses 
and  Lightships  could  most  likely  be  referred  to  one  or  other  of  the 
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categories  represented  by  the  eight  which  have  been  chosen  for  particular 
investigation. 

Regarding  as  a  whole,  the  work  on  Migration  begun  by  the  first 
Committee  appointed  at  Swansea  in  1880  to  obtain  *  Observations  on  the 
Migration  of  Birds  at  Lighthouses  and  Lightships  *  after  the  Association 
had  become  acquainted  ^  with  the  preliminary  inquiry  instituted  in  1878 
by  Messrs.  Cordeaux  and  Harvie-Brown,  and  continued  for  many  years, 
until  it  took  the  shape  of  a  Committee  to  make  a  Digest  of  the  observa- 
tions so  collected  (which  Digest  was  presented  at  Liverpool  in  1896),  and 
then  in  its  present  form  to  work  out  the  details  of  these  observations,  it 
may  be  stated  as  another  important  result  of  the  inquiry  that  the  fact  of 
Bird  Migration  being  for  the  most  part  carried  on  by  night,  which  for 
a  long  while  had  been  only  surmised,  must  now  be  accepted  as  proved. 
The  establishment  of  this  fact  is  a  very  considerable  gain,  for  though  it 
may  tend  rather  to  obscure  than  enlighten  us  for  the  time  as  to  the  means 
whereby  birds  are  able  to  direct  their  course  on  their  wonderful  nocturnal 
journeys,  several  theories  to  explain  that  mystery  are  thereby  shown  to 
be  unsound,  and,  these  being  thus  eliminated  from  the  inquiry,  its  limits 
are  by  so  much  narrowed. 

That  investigation  of  the  subject  of  Migration  in  general  is  far  from 
being  exhausted  will  be  very  evident  to  everyone.  Some  branches  of  it, 
indeed,  are  not  touched  at  all,  being  precluded  by  the  conditions  of  the 
inquiry,  which  (extensive  as  it  has  proved)  was  limited  to  observations  at 
Lighthouses  and  Lightships,  and  thereby  shut  out  all  consideration  of  the 
very  interesting  question  of  the  distribution  of  Migrants  in  the  interior 
of  ihe  country  after  their  arrival. 

It  follows  that  the  investigation  will  have  to  be  reopened,  and  that,  it 
is  to  be  hoped,  at  no  distant  time.  The  last  thing  your  Committee  would 
wish  is  to  discourage  the  prosecution  of  observations,  but  they  feel  bound 
to  express  the  opinion  that  no  great  advance  of  our  present  knowledge  of 
the  subject  seems  likely  to  be  made  until  new  methods  are  applied.  What 
they  should  be  it  is  impossible  to  suggest,  but  those  used  at  present 
appear  to  have  reached  their  limit.  Meanwhile  your  Committee  regards 
with  much  gratification  the  efforts  made  in  several  foreign  countries,  and 
especially  in  Denmark  and  in  the  United  States  of  America,  to  obtain 
observations  from  their  light-stations,  while  the  recent  establishment 
at  Rossitten  in  Germany  of  an  Ornithological  Observatory  is  a  hopeful 
sign. 

Lastly,  your  Committee  cannot  present  this,  their  final,  Report  with- 
out again  recording  the  uniformly  constant  assistance  received  from  the 
Corporation  of  the  Trinity  House  and  the  Commissioners  of  Northern  and 
of  Irish  Lights,  without  whose  cordial  co-operation  nothing  could  have 
been  done.  Nor  is  it  fitting  that  this  Report  should  be  closed  without 
an  acknowledgment  of  gratitude  for  the  countenance  so  long  extended  by 
the  British  Association  to  the  object  of  the  inquiry,  and  the  materiail 
support  from  time  to  time  received  in  furtherance  of  the  same — support 
which  your  Committee  know  would  have  been  often  more  liberally  granted 
had  the  funds  of  the  Association  permitted. 

»  Rgport  of  the  British  Asiooiation,  1880  (SwoTuea),  p.  606 ;  Zoologist,  1880,  May, 
pt>.  161-204;  Ptoo.  Nat.  ffist.  8oc.  Glasgow,  Sept  30, 1879,  p.  140. 
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Statement  furnished  by  Mr.  Wm.  Eagle  Clarke. 

Herewith  I  submit  histories  of  the  various  migrations  performed  by 
the  Starling  and  the  Rook  ;  species  whose  movements  present  special 
points  of  interest,  while  those  of  the  former  are  of  a  more  complex 
nature  than  is  to  be  found  in  any  other  British  bird. 

My  thanks  are  accorded  to  Professor  Collett,  of  Christiania,  and  to 
Herr  Knud  Andersen,  late  of  Copenhagen ;  and  also  to  several  British 
ornithologists  (whose  names  are  duly  mentioned  in  the  histories)  for 
information  afforded. 

As  this  is  the  final  instalment  of  my  work  for  the  Association,  I 
desire  to  make  the  following  remarks  : 

The  *  Digest  of  Observations  '  submitted  in  1896  has  been  abundantly 
and  thoroughly  tested  during  the  progress  of  the  subsequent  work,  and 
its  accuracy  has  practically  remained  unshaken.  A  few  modifications  may 
be  necessary,  but  they  are  of  such  an  unimportant  character  as  to  need  no 
mention  here. 

As  regards  the  treatment  of  the  movements  of  species,  the  plan 
devised  aims  at  furnishing  complete  histories  of  each  and  every  movement 
(and  the  various  conditions  &c.  under  which  they  are  performed^  of  a 
few  birds,  carefully  selected  so  as  to  include  every  type  of  British 
migrant ;  a  comprehensive  method  of  treatment  never  before  attempted,  I 
believe,  for  any  species  of  migratory  bird,  British  or  foreign. 

The  consummation  of  this  ideal  has,  however,  presented  exceptional 
difficulties ;  due  chiefly  to  the  fact  that  some  of  the  movements  are 
habitually  performed  under  conditions  which  enshroud  them  in  all  but 
complete  obscurity,  indeed  often  in  complete  obscurity.  Their  elucidation 
has  demanded  an  infinite  amount  of  research  ere  results  which  were 
entirely  satisfactory  could  be  arrived  at,  for  not  a  single  statement  made 
in  the  histories  is  of  a  hypothetical  nature,  unless  it  is  clearly  implied  to 
be  such. 

Before  concluding,  I  wish  to  express  my  acknowledgments  to  the 
members  of  the  Committee  for  the  honour  they  did  me  in  1887  in  entrust- 
ing to  my  charge  the  preparation  of  the  results  obtained  through  this  great 
inquiry  ;  and  also  for  the  confidence  they  have  since  unfailingly  reposed 
in  me.  To  the  late  Mr.  Cordeaux  and  others  my  special  thanks  are  due 
for  much  valuable  advice  and  encouragement ;  without  the  latter  incen- 
tive I  doubt  much  if  I  should  ever  have  ventured  to  undertake  so  great 
and  important  a  piece  of  research,  or  should  have  accomplished  it. 

Finally,  I  would  state  that  although  the  work  is  fittingly  concluded, 
so  far  as  the  British  Association  is  concerned,  the  subject  is  by  no  means 
exhausted ;  and  that  I  intend  to  continue  the  investigations  in  the  hope 
of  being  able  to  add  something  to  what  has  already  been  accomplished. 

The  Migrations  of  the  Starung  {StumiM  vulgaris). 

The  Starling  is  a  summer  visitor  to  Northern  and  much  of  Central 
Europe,  and  a  winter  visitor  to  Southern  Europe  and  Northern  Africa. 
In  the  British  Isles  it  is  a  resident,  a  partial  migrant,  a  winter  visitor, 
and  a  bird  of  passage. 

The  migrations  of  the  Starling  observed  in  Great  Britain  and  Ireland 
are  of  a  singularly  varied  nature,  being  performed  with  great  frequency 
and  at  all  seasons.     These  remarkable  characteristics  in  the  movements  of 
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a  well-known  and  familiar  bird  are  due  to  a  namber  of  causes — among* 
others,  to  its  gregarious  and  desultory  nature,  the  varying  degree  of  its 
migratory  instincts  in  different  parts  of  the  British  area,  its  dependence 
upon  supplies  of  food  which  not  only  change  with  the  season  but  from 
year  to  year,  and  to  the  fact  that  it  is  double-brooded  ;  peculiarities  which 
result  in  innumerable  movemeots,  many  of  them  of  a  partial  or  whoUy 
irregular  nature. 

In  addition  to  these,  there  are  the  regular  migrations  performed  by 
the  Starling  (1)  as  a  migratory  species  in  Britain  ;  (2)  as  a  winter  visitor 
to  our  isle«  from  Northern  and  Central  Europe  ;  (3)  as  a  bird  of  double 
passage,  traversing  our  shores  when  en  route  between  Continental  summer 
quarters  and  winter  retreats  ;  and,  finally  (4)  there  are  winter  movements — 
partial  migrations  within  the  British  area  and  emigrations  to  the  Con- 
tinent ^dependent  upon  and  varying  with  the  severity  of  the  season. 

The  data  amassed  relating  to  these  numerous  irr^ular  and  regular 
movements  are  extraordinarily  voluminous,  and  their  study  has  presented 
problems  for  solution  of  an  exceptionally  complex  nature — more  so  than 
those  appertaining  to  any  other  species  hitherto  treated. 

As  a  resident  species  the  Starling  is  widely  distributed  over  our  islands, 
its  range  extending  from  the  Shetland  and  other  northern  isles  ^  south- 
ward to  the  English  Channel.  In  many  of  the  northern  and  in  the  more 
elevated  portions  of  the  mainland  of  Britain  the  bird  is  migratory,  being 
entirely  or  partially  absent  during  the  autumn  and  winter  months.^ 

This  variability  in  the  migratory  habit  is  also  manifest  in  many  dis- 
tricts of  England.  It  may  in  most  cases  depend  upon  the  distribution 
of  food-supplies ;  but  this  does  not  explain  all,  for  there  are  certain 
counties  in  south-western  England  (Cornwall  and  Devon)  in  which  the 
Starling  has  only  recently  become  a  breeding  species,  and  is  still  chiefly  a 
winter  visitor. 

In  Ireland  the  peculiarities  in  seasonal  distribution  of  native  Starlings 
are  very  similar,  and  the  species  is  mainly  a  winter  visitor  to  the  south  and 
west.  An  interesting  and  important  fact  is  that  in  Ireland  winter  visitors 
from  Great  Britain  and  the  Continent  far  outnumber  the  Irish  birds. 

Summer  cmd  Autumn  Movements  qf  British  Starlings. — These  take  the 
form  of  (1)  local  migrations  within  the  British  area,  and  (2)  of  emigrations 
of  native  birds  to  winter  quarters  beyond  our  shores. 

1.  Local  Migrations, — These  begin  in  the  early  summer ;  indeed,  as 
soon  as  the  young,  especially  those  of  the  broods  first  cast  off,  are  able  to 
shift  for  themselves.  Sometimes  as  early  as  the  first  week  in  June  parties 
composed  of  youngsters  begin  their  wanderings ;  but  it  is  usually  about 
the  middle  of  the  month  that  such  flocks  are  commonly  observed.  Even 
thus  early  the  maritime  districts,  the  light  stations,  and  islands  lying  off 
the  coast  are  sometimes  visited. 

Later  in  the  summer  both  old  and  young  gather  together  and  form 
large  flocks.  Movements  of  a  more  definite  nature  are  then  undertaken, 
at  first  probably  in  search  of  fresh  feeding-grounds,  and  finally  for  winter 
homes. 

The  coast  with  its  vicinity  is  largely  visited,  especially  the  southern 
and  western  seaboards ;  and  when  summer  is  past  the  Hebrides  and  other 

*  In  North  Ronaldshay,  one  of  the  ontermost  and  exposed  of  the  Orkneys,  only  a 
few  remain  for  the  winter. 

•  At  Halmyre,  a  moderately  elevated  district,  in  Peeblesshire,  about  75  per  cent, 
leave  (Laidlaw).    At  Pitlochry,  in  Perthshire,  all  depart  (Blacpherson). 
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islands  (including  Scillj)  and  Ireland  are  also  sought  for  the  winter. 
These  movements  commence  in  some  seasons  as  early  as  the  end  of  July,' 
and  are  in  progress  throughout  the  autumn.  Ireland  receives  consider- 
able numbers  of  immigrants  from  England,  Scotland,  and  Wales  towards 
the  end  of  August  and  onwards. 

Later  in  autumn  these  movements  merge  into  those  of  the  Continental 
hosts  also  seeking  winter  retreats  in  yarious  parts  of  our  islands. 

2.  Summer  and  Autumn  Emigration. — Not  only  are  winter  quarters 
sought  by  our  native  Starlings  within  the  British  area,  but  many  travel 
much  further  to  find  retreats  in  South- Western  Europe.  Thus  a  number 
of  our  British -breeding  Starlings  are  summer  visitors  to  our  islands. 

Late  in  July,  durinff  August,  and  up  to  the  middle  of  September 
(before  the  Continental  birds  appear  on  our  shores)  emigrant  Starlings 
depart  from  the  south  coast  of  England,  and  are  observed  crossing  the 
Channel  towards  France,  sometimes  in  company  with  Wheatears,  Sedge 
Warblers,  Song-Thrushes,  Meadow  Pipits,  Skylarks,  Curlews,  and  other 
species.  These  movements  of  departure  are  performed  during  the  night 
or  the  earliest  hours  of  the  morning,  and  hence  for  the  most  part  e8cape 
notice ;  but  I  have  received  during  the  past  two  yeai*s  much  valuable 
information  regarding  them  from  the  Eddystone  lighthouse,  the  situa- 
tion of  which  is  singularly  favourable  for  the  making  of  such  observations. 
Nearly  all  the  Starlings  (and  other  species)  which  meet  with  an  untimely 
end  at  the  lanterns  at  this  season  are  birds  of  the  year,  a  circumstance, 
however,  to  which  undue  significance  should  not  be  attached  ;  for  we  must 
remember  tliat  the  majority  of  the  emigrants  are  young,  indeed  only  a 
few  weeks  old,  and  it  seems  natural  that  they  should  fall  easier  victims 
to  the  attractions  of  the  lanterns  than  older  travellers  with  more 
experience. 

Some  of  these  native  emigrants  are  probably  of  Irish  origin,  but  their 
departure  is  likewise  difficult  to  detect.  There  are,  however,  nocturnal 
movements  (and  emigratory  movements  are  eminently  performed  by 
night)  of  Starlings  and  other  birds  during  the  latter  part  of  July  and  in 
August,  which  seem  to  indicate  that  this  species  quits  Ireland  in  the  late 
summer  and  early  autumn  for  more  southern  winter  quarters. 

It  is  possible  that  some  Starlings  may  cross  the  English  Channel  in  the 
daytime.  There  is,  however,  but  one  record  of  such  a  movement  in  the 
returns,'  and  during  a  five  weeks*  residence  at  the  Eddystone  in  Sep- 
tember and  October  1901  I  never  saw  any  diurnal  emigration  on  the  part 
of  this  species,  though  many  thousands  crossed  in  the  night  and  earliest 
hours  of  the  morning. 

Autumn  Immigration  from  Central  Europe. — The  first  arrivals  from 
the  Continent  on  our  coasts  in  the  autumn  come  from  the  east,  and  are 
doubtless  emigrant  summer  visitors  from  Western  Central  Europe.  These 
visitors  cross  the  southern  waters  of  the  North  Sea  by  a  more  or  less 
direct  east-to-west  passage,  and  appear  on  the  coast  of  England  from  the 
Humber  southwards  to  the  Channel. 

These  immigrations  set  in  with  great  regularity  during  the  last  week 
of  September,'  reach  their  maximum  volume  in  the  last  three  weeks  of 

*  At  the  Tnskar  Rock,  off  the  S.E.  coast  of  Ireland,  on  Jnly  27, 1894,  several 
Starlings  were  observed  proceeding  in  a  north-westerly  direction. 

*  At  the  Vame  Lightship  (Straits  of  Dover)  on  September  18,  1887,  twenty 
passed  from  N.  to  S.8.B.  at  7  A.M. 

*  The  earliest  date  chronicled  is  September  21, 1880,  bnt  the  initial  date  for 
other  years  follows  closely  thereon.  oigi^i.^^  by  L^OOg le 
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October,  and  usually  cease  with  the  early  days  of  November,  but  in  some 
seasons  there  are  arrivals  until  the  middle  of  the  month.  ^ 

As  an  illustration  of  the  magnitude  of  these  inpourings,  it  may  be 
stated  that  they  have  been  recorded  for  as  many  as  twenty -one  days 
during  October,  and  that  the  chief  *  rushes '  often  cover  several  successive 
days,  and  affect  the  entire  coastline  from  the  Humber  southwards.  The 
passage  is  chiefly  performed  during  the  daytime,  and  not  unfrequently 
lasts  from  early  morning  until  dusk  ;  ^  but  there  are  records  which  may 
refer  to  a  night  passage  along  this  route. 

Like  other  immigrations  along  this  route,  the  direction  of  flight 
varies,  being  from  direct  east  to  west  at  its  centre  about  the  mouth  of  the 
Thames,  to  the  south-west  off  the  coast  of  Kent,  to  the  north-west  on  the 
Norfolk  coast,  and  to  the  north-north-west  at  the  mouth  of  the  Humber. 
Occasionally  at  the  more  southern  stations  and  at  the  Vame  Lightship, 
in  the  Straits  of  Dover,  Starlings  and  Rooks  are  recorded  as  proceeding 
N.N.W.,  and  as  coming  from  the  coast  of  France. 

The  species  which  have  been  observed  migrating  from  east  to  west 
on  the  same  dates  as  the  Starling  are  Rooks,  Larks,  Tree  Sparrows, 
Chaffinches,  and  Lapwings. 

Many  of  these  immigrant  Starlings  from  Central  Europe  winter  in 
various  parts  of  England  "  ;  many,  too,  pass  along  our  soutiiem  shores  : 
some  to  cross  the  English  Channel  at  various  points  on  their  way  to  re- 
treats in  South- Western  Europe  ;  while  others  proceed  to  Ireland,  where 
they  arrive  on  the  coast  of  Wexford  as  a  centre  after  passage  across  St. 
George's  Channel.  Vast  numbers  of  Starlings  pour  into  Ireland  by  this 
route  between  the  latter  half  of  October  and  the  middle  of  November,  the 
passage  on  some  occasions  lasting  for  several  successive  days.^ 

Autumn  Immigration  from  North-  Western,  Europe, — The  arrival  on 
our  shores  in  the  autumn  of  the  Starlings  quitting  their  summer  homes  in 
Scandinavia  does  not  begin  until  about  two  weeks  after  the  first  appear- 
ance on  the  coast  of  England  of  the  emigrants  from  Central  Europe. 

The  earliest  immigrants  from  the  north  appear  on  the  north-east 
coast  of  Great  Britain  during  the  first  half  of  October,'*^  and  the  main 
body  arrives  late  in  the  month.  There  are  also  important  inpourings 
during  the  early  part  of  November,  and  in  some  seasons  laggards  have 
made  their  appearance  b&  late  as  the  21st  of  the  month. ^  A  pronounced 
feature  of  these  movements  is  that  the  birds  arrive  in  a  series  of  *  rushes,' 
there  being  no  immigration  of  a  straggling  nature  chronicled. 

During  these  movements  Starlings  are  recorded  as  arriving  on  the 
east  coast  from  Shetland  to,  and  sometimes  beyond,  the  Humber.  A 
number,  too,  reach  the  Atlantic  seaboard  and  the  Hebrides,  occurring  not 
unfrequently  as  far  west  as  the  Flannan  and  Monach  Isles. 

»  Latest  at  the  Corton  Lightship  on  November  17,  1880. 

'  At  the  Leman  and  Ower  Lightship  on  October  24,  1884,  a  flight,  estimated  at 
5,000,  passed  landwards  at  5  p.m.,  and  of  these  fifty  struck  the  lantern  and  were 
killed. 

'  It  is  highly  probable,  indeed  almost  certain,  that  some  of  these  Central  Euro- 
pean birds  winter  in  latitudes  north  of  their  summer  homes. 

*  In  1884  it  was  observed  for  eight  consecutive  days  (October  15-22)  at  light- 
stations  off  the  coasts  of  Waterford,  Wexford,  and  Wicklow. 

^  The  earliest  dates  recorded  are  as  follows  :  October  1,  1886 ;  3, 1884  ;  6, 1883  ; 
9,  1882 ;  15,  1880;  16,  1885  ;  18, 1887  ;  19,  188L 

'  Professor  Collett  informs  me  that  most  of  the  Starlings  leave  Southern  Norway 
in  the  course  of  October,  and  are  common  at  the  lighthouses  during  that  month  and 
the  early  part  of  November.  #   v^,^,^!,^    • 
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Like  other  Tisitors  from  the  north,  these  immigrant  Starlings  appear 
on  our  shores  daring  the  late  hours  of  the  night  and  early  hoars  of  the 
morning  ;  the  other  species  arriving  in  company  simultaneously  being 
Redwings,  Fieldfares,  Song-Thrushes,  Blackbirds,  Ring  Ousels,  Wheatears, 
Hedge  Sparrows,  Redbreasts,  Wrens,  Goldcrests,  Redstarts,  Bramblings, 
Siskins,  Chaffinches,  Larks,  Short-eared  Owls,  Snipes,  and  Woodcocks. 

These  autumnal  immigrations  from  the  north-west  are  followed  by 
overhind  movements  westwards  and  southwards  in  search  of  winter  quar- 
ters within  the  British  area ;  the  western,  southern,  and  south-western 
districts  of  England,  the  Hebrides  and  other  western  isles,  and  Ireland 
affording  specially  favoured  hiunts.  Ireland  is  entered  from  the  north 
and  north-east ;  the  birds  travelling  by  way  of  the  Hebrides  and  the  west 
coast  of  Scotland,  or  (after  an  overland  flight  across  Northern  Britain) 
from  the  Galloway  coast. 

AiUumn  Passage  from  Nortliem  and  Central  to  SotUhem  Europe. — 
Vast  numbers  of  the  Starlings  which  arrive  on  our  shores  in  the  autumn 
from  both  Northern  and  Central  Europe  do  not  remain  to  winter  with  us, 
but  proceed  on  passage  to  retreats  in  South- Western  Europe. 

These  passage  movements  follow  (probably  at  once  in  the  case  of  the 
majority  of  the  migrants)  the  arrivals  from  the  Continent,  and  are  in 
progress  from  the  Tatter  half  of  September  (on  the  past  of  the  Central 
European  birds)  until  the  third  week  of  November.  The  course  of  the 
birds  from  the  east  (Central  Europe)  has  already  been  traced  along  the 
south  coast  of  England  and  across  the  Channel.  The  birds  of  passage  of 
northern  origin  proceed  southwards  down  both  the  east  and  west  coastlines 
(including  the  Hebrides),  but  more  especially  the  former*  and  finally 
depart  as  emigittnts,^  crossing  the  Channel  at  various  points  between 
Rent  and  Scilly. 

Some  idea  of  the  magnitude  of  these  movements  may  be  gathered 
from  the  fact  that  on  the  night  of  October  12  and  the  early  morning 
of  October  13,  1901,  vast  numbers  of  Starlings,  evidently  of  Continental 
origin,  passed  the  Eddystone,  going  southwards  for  ten  hours  and  a  half 
without  a  break.  Sixty-seven  perished  at  the  lantern,  and  great  numbers, 
after  striking,  fell  over  into  the  sea  and  were  drowned.'  Some  of  these 
autumnal  visitors  belong  to  a  race  which  is  characterised  by  having  a 
purple  head  and  throat  and  green  ear-coverts.  This  form  occurs  on  our 
south-eastern  and  southern  coasts,  and  as  I  have  failed  to  match  them 
with  British  and  Scandinavian  specimens  obtained  at  the  same  season,  I 
think  it  is  probable  that  these  birds  come  to  us  from  the  east 

During  the  autumnal  migratory  movements  Starlings  sometimes  con- 
siderably overshoot  our  western  limits,  and  are  observed  far  out  in  the 
Atlantic.  At  the  end  of  October  1870  a  large  flock  was  encountered 
300  miles  west  of  Scilly,'  and  on  October  23,  1876,  one  alighted  on 
H.M.S.  Alert  between  Capes  Farewell  and  Clear,  when  517  miles  from 
the  latter.*  At  Eagle  Island,  off  Mayo,  on  October  81  and  November  1, 
1886,  several  thousands  are  said  to  have  passed  westwards  over  the 
Atlantic. 

Winter  Movements, -r-The  winter  movements  of    the    Starling    are 

*  It  is  postfible  that  some  of  oar  British  StarllDgs  maj  also  participate  in  these 
emigrations  by  joining  the  ranks  of  the  Continental  birds  and  departing  with  them 
for  the  soath. 

*  /W#,  1902,  pp.  252-255.  «  Rodd.  Birds  of  Cormvall,  p.  292. 

*  Feilden,  Zoologist,  1877,  p.  469. 
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attributable  to  the  same  cause  and  are  performed  under  identical  con- 
ditions as  those  undertaken  by  the  Song  Thrush,  Skylark,  and  Lapwings, 
which  have  been  fully  treated  in  the  summaries  on  these  species,  and  the 
subject  generally  in  the  *  Digest  of  Obsei*vations.'  ^  It  is,  therefore,  onW 
necessary  to  touch  somewhat  briefly  on  these  forced  migrations  of  this  bird. 

Although  a  species  which  is  much  affected  by  severe  weather,  and 
especially  snow,  inasmuch  as  its  ordinary  food  then  becomes  difiBcult  and 
sometimes  impossible  to  procure,  yet  many  of  our  resident  Starlings 
remain  in  their  accustomed  haunts  throughout  periods  of  such  extreme 
severity  that  great  numbers  perish  from  hunger.  Others,  along  with 
species  similarly  affected,  move  to  the  coast,  especially  the  west  and 
south-west  coasts  of  England  and  Ireland.  Ireland  is  also  sought  by 
considerable  numbers  of  emigrantP,  which  arrive  from  the  north-east  and 
east  on  the  occasion  of  each  great  outburst  of  cold  in  Great  Britain.  Bat 
even  on  the  south-west  coast  of  Ireland,  where  the  climatic  conditions 
are  more  favourable  than  elsewhere  within  our  area,  great  numbers 
perish  in  severe  seasons  such  as  those  of  1881  (January),  18b2(D«H^mber)» 
and  1895  (January  to  March).  Many,  too,  cross  the  English  Channel 
and  proceed  southwards  in  search  of  more  genial  haunts  on  the 
Continent. 

I  am  of  opinion  that  these  migrants  are  chiefly  composed  of  our 
winter  guests  from  the  Continent,  for  careful  observations  made  during 
seasons  of  exceptional  severity  lead  me  to  believe  that  most  of  our  resi- 
dent stock  do  not  leave  their  usual  haunts,  and  may  be  seen  daily  on  the 
approach  of  dusk  proceeding  in  numbers  to  their  usual  winter  roosts. 

Spring  Immigration  from  Southern  Europe  and  Passage  to  Narthem 
and  Central  Europe, — The  spring  immigrations  of  the  Starling  relate  to 
the  return  of  (1)  British  summer  visitors  and  of  (2)  the  birds  of  passage  on 
their  way  north  and  east  from  their  accustomed  winter  quarters  in  South- 
western Europe,  and  of  (3)  the  refugees  which  have  been  forced  to  flee 
our  country  through  the  pressure  of  winter  conditions. 

The  first  Starlings  to  appear  on  the  southern  coastline  of  England  are 
probably  those  birds  which  quitted  our  shores  earliest  in  the  autumn, 
namely,  the  British  summer  visitors,  which  return  to  their  breeding 
haunts  about  the  time  that  the  first  of  the  spring  immigrants  arrive  on  the 
south  coast,  i,e,  usually  during  the  last  week  in  February.'  These  return 
movements  continue  at  intervals  during  March  and  the  early  part 
of  April,  the  12th  being  the  latest  date  on  which  they  have  been 
chronicled.  The  later  migrants  are,  no  doubt,  bii-ds  of  passage,  which 
after  arrival  proceed  along  both  the  east  and  west  coasts  (mainly  the 
former),  en  route  for  summer  quarters  in  Northern  and  Central  Europe. 

The  immigrants  appear  on  the  south  coast  during  the  night  and  early 
morning,  and  travel  in  company  with  (in  addition  to  the  species  already 
named)  Bedwin^s,  Ring  Ousels,  Wheatears,  Redstarts,  Blackcaps,  ChiiT 
Chaffs,  Willow  Warblers,  and  Swallows.' 

»  Bep,  Brit.  Antw.,  1896,  p.  473. 

•  The  tarliest  record  is  for  February  19, 1903,  when  great  nnmbers  parsed  the 
Sddystone  in  flocks,  coming  from  the  S.  and  8.i?.E.  They  commenced  to  arrive  at 
7  P.M.,  and  the  passage  lasted,  with  brealts,  until  5  a.m.  Many  were  killed  at  the 
lantern,  and  great  numbers  strack  and  fell  over  into  the  sea.  The  other  species 
participating  in  this  great  retnm  movement  were  Mistle  Thrushes,  Song  Thrushes, 
Skylarks,  LapwingF,  and  others. 

'  On  some  occasions  Starlings  and  other  species  (Skylarks,  *  Black  Crows/  Books, 
Goldcre»ts,  and  Wild  Ducks)  have  been  recorded  a9  arriving  on  the  south-east  coast 
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Starlings  have  been  noted  as  spring  immigrants  on  the  south-east 
coast  of  Ireland  at  dates  ranging  from  the  third  week  of  February  to 
mid-April.  This  indicates  a  retnm  of  Starlings  which  have  either  quitted 
Ireland  for  the  winter,  or  of  birds  of  passage  on  their  way  north,  or, 
again,  most  probably  of  both,  for  the  dates  are  wide-ranging,  sufficiently 
so  to  cover  both  the  return  of  native  birds  and  the  movements  of  birds  of 
passage.  During  the  later  dates,  these  Irish  immigrants  are  sometimes 
accompanied  by  various  summer  visitors  and  birds  of  passage — Wheat- 
ears,  King  Ousels,  Redwings,  &e.  Similar  movements  at  the  Hebrides 
are  recorded  as  late  as  April  14. 

Spring  Emigration  to  Central  Europe. — The  spring  emigration  from 
the  coast  of  south-east  England  eastwards  across  the  southern  part  of  the 
North  Sea  of  the  Starlings  which  are  returning  to  summer  quarters  in 
Central  Europe,  after  wintering  in  the  British  Isles  and  in  Soutn- Western 
Europe  (the  latter  being  birds  of  passage),  is  very  little  in  evidence  as 
compared  with  the  great  immigratory  movements  on  the  part  of  these 
same  birds  durinff  the  autumn. 

It  comes  under  observation,  however,  at  the  great  fleet  of  lightships 
stationed  between  the  Wash  and  the  mouth  of  the  Thames,  and  takes 
place  between  the  middle  of  February  and  the  end  of  March.  There  are 
no  April  movements  chronicled,  nor  have  other  species  been  recorded  as 
emigrating  in  their  company.  The  observations  on  these  return  move- 
ments relate  to  the  daytime  only. 

Spring  Emigration  to  North-  Weste^'n  Europe, — The  return  movements 
to  their  summer  haunts  in  Scandinavia  of  those  Starlings  which  have 
wintered  in  the  British  Isles,  or  have  traversed  our  shores  on  their  way 
from  winter  quarters  in  South- Western  Europe,  do  not,  as  is  the  case 
with  all  emigratory  movements,  find  a  very  marked  place  in  the  records. 
They  are  performed  at  night,  and  under  favourable  weather  conditions, 
between  mid- March  and  the  end  of  April,*  and  are  observed  chiefly 
at  stations  on  the  north-east  coast  of  Great  Britain  and  at  the  Orkneys 
and  Shetlands,  the  other  birds  noted  as  emigrating  at  the  same  time 
being  Skylarks,  Blackbirds,  Lapwings,  and  Goldcrests. 

The  latest  record  was  chronicled  at  the  Isle  of  May  on  April  28, 
1886,  when  at  10  pm.  Starlings  appeared  during  a  'rush'  of  migrants 
(Wheatears,  Redstarts,  Whitethroats,  <kc.) 

The  Starlings  which  winter  in  Ireland  begin  to  emigrate  about  the 
middle  of  February,  and  in  some  seasons  the  movements  are  in  progress 
until  the  middle  or  end  of  March. ^  Those  wintering  in  western  Britain 
and  certain  of  the  Hebridean  Islands  (such  as  Tiree),  leave  at  dates 
ranging  from  the  middle  of  February  to  tjie  end  of  March. 

of  Eugland  in  the  spring  (see  Heport^  1883,  p.  57).  In  the  /AtologUt  for  1870 
(p.  2140)  it  is  recorded  from  Aldebnrgh  tbat  daring  the  second  week  of  March 
immense  nnmbers  of  Rooks  and  btarlings  were  almost  constantly  arriving  '  from 
over  the  sea.'  In  the  same  Journal  for  1902  (p.  87)  Mr.  Gumey  states  that  on 
March  23,  1901,  some  were  picked  np  dead  on  the  beaoh  at  Yarmonlh,  along  with 
Rooks,  *  which  had  lo^t  their  lives  in  crosbiog.'  This  last  lecord  may,  however, 
refer  to  spring  emigration,  the  disaster  occurring  after  departure  from  our  shores. 
Similar  but  more  regularly  tecorded  movements  are  performed  by  the  Book,  to 
which  reference  may  be  made. 

>  Professor  Collett  informs  me  that  Starlings  arrive  singly  in  southern  Norway 
about  the  middle  of  March,  and  in  flocks  at  the  beginning  of  April. 

*  On  March  26,  1887,  the  Starlings  and  Thrushes  wintering  on  Tearaght  left  the 
island.  On  April  14, 1885,  thirty,  probably  on  passage  north,  struck  the  lantern  at 
Copeland  Island.  /   V^/^/t|/> 
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Summary  of  the  Migrations  of  tlie  Starling, — The  various  movements 
of  the  Starling  may  be  conveniently  summarised  as  follows  : 

1.  In  June,  sometimes  early  in  the  month,  the  young  of  the  first 
broods  of  our  native  Starlings  gather  together  and  lead  a  roving  life, 
during  which  they  visit  the  coast  and  elsewhere. 

2.  Later  in  summer  both  old  and  young  form  flocks  and  wander 
afield  in  search  of  food,  and  in  the  autumn  many  of  these  wanderers 
seek  winter  quarters  in  the  west  and  south  of  Great  Britain  and  Ireland, 
some  numbers  of  the  British  birds  emigrating  to  Ireland  for  that  purpose. 

3.  A  portion  of  our  native  Starlings,  especially  those  inhabiting  the 
more  northern  and  elevated  districts,  quit  our  shores  in  the  late  summer 
and  early  autumn  to  winter  in  South- Western  Europe  <fec.  Such  birds 
are  essentially  summer  visitors  to  the  British  Isles. 

4.  During  the  autumn  (late  September  to  early  November)  vast 
numbers  of  Starlings  arrive  on  the  south-east  coast  of  England  from 
Central  Europe  :  many  to  winter  in  England  and  Ireland,  others  to 
proceed,  a^  birds  of  passage,  to  South -Western  Europe  for  the  cold 
season. 

5.  Later  in  the  autumn  (October  and  November)  considerable  numbers 
of  immigrants  from  Scandinavia  arrive  on  our  northern  and  north-eastern 
shores,  many  of  which  winter  in  Great  Britain  and  Ireland,  while  others 
proceed  on  passage  to  winter  in  Southern  Europe. 

6.  During  these  autumnal  movements  Starlings  sometimes  overshoot 
our  western  limits,  and  are  observed  far  out  in  the  Atlantic. 

7.  On  the  advent  of  severe  cold  the  would-be  winter  residents  ^chiefly 
our  Continental  guests)  fly  to  the  southern  and  western  districts  (especi- 
ally the  coasts)  of  Great  Britain  and  Ireland,  and  in  winters  or  periods  of 
exceptional  severity  many  quit  our  isles  for  more  southern  asylums  on 
the  Continent. 

8.  In  February  the  birds  inhabiting  the  more  northern  and  elevated 
districts  iu  our  isles  begin  to  return  to  their  summer  quarters. 

9.  The  earliest  days  of  spring,  and  even  those  preceding  (February  and 
March),  witness  the  return  from  their  winter  quarters  in  Southern  Europe 
of  the  Starlings  which  are  summer  visitors  to  the  British  Isles. 

10.  About  the  same  time  the  refugees  which  quitted  our  isles  during 
the  winter  return  to  our  shores. 

11.  Later  (March  and  April)  the  birds  of  passage,  which  also  wintered 
in  Southern  Europe,  arrive  on  the  south  coast  to  travel  by  way  of  our 
shores  to  their  breeding  haunts  in  Central  and  North- Western  Europe. 

12.  Early  in  spring,  too  (mid-February  and  during  March),  the  Central 
European  birds  which  have  wintered  with  us  depart  eastwards  for  their 
summer  homes  on  the  Continent. 

13.  Later  (in  mid-March  and  during  April)  the  Scandinavian  birds 
which  have  passed  the  winter  in  our  islands  take  their  departure  for  their 
northern  summer  haunts. 

The  Migrations  op  the  Rook  {Corvua  frugUegus). 

The  Rook  is  a  summer  visitor  to  North -Western  Europe,  and  is 
migratory  to  a  considerable  extent  in  the  central  portions  of  the 
Continent. 

From  both  of  these  areas  the  bird  seeks  Great  Britain  in  the  autumn 
as  a  winter  retreat,  departing  in  the  spring. 
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Some  Rooks  leave  the  south-east  shores  of  England  in  the  autumn, 
and  though  such  emigrations,  or  passages,  are  somewhat  scantily  re- 
corded, yet  the  corresponding  return  migrations  in  the  spring  are 
r^ularly  chronicled.  A  similar  spring  immigration  is  also  observed 
on  the  south-east  coast  of  Ireland.  The  above-mentioned  movements 
constitute  the  regular  migrations  of  the  Rook  as  observed  in  Great 
Britain  and  Ireland. 

In  addition,  some  irregular  migrations  and  interraigrations  come  under 
notice,  for  the  bird  is  much  given  to  wandering,  especially  after  the  close 
of  the  breeding  season  and  during  the  summer,  when  flocks  consisting 
of  old  and  young  visit  the  vicinity  of  the  coast  and  some  of  the  neighbouring 
islands ;  food  of  a  particular  nature  being,  presumably,  the  main  incentive 
for  these  roving  movements. 

In  Ireland,  with  the  exception  of  the  spring  immigration  already 
mentioned,  the  movements,  both  local  and  intermigratory,  are  to  be  re- 
garded as  being  only  of  a  partial  or  irregular  nature. 

In  severe  winters  Rooks,  in  small  numbers,  have  been  recorded  as 
seeking  certain  of  the  Outer  Hebrides  in  search  of  more  genial  quarters 
than  those  afforded  by  the  mainland.  To  others  of  these  islands  it  is  a 
regular  winter  visitor. 

Apparently  erratic  movements  out  into  the  Atlantic  have  been  known 
to  take  place  in  the  autumn. 

Although  one  of  our  most  familiar  birds— a  species  known  to  all  ob- 
servers—yet there  is  a  lack  of  information  regarding  the  movements  of 
the  Rook  that  is  not  a  little  surprising  :  further  and  striking  proof  of  the 
great  difficulties  which  enshroud  the  whole  subject  of  bird  migration. 

AiUumn  Immigration  from  Central  Europe. — This  is  by  far  the  most 
important  of  the  autumn  migrations  of  the  Rook  witnessed  on  our  shores, 
for  it  is  from  Central  Europe  that  we  receive  the  great  majority  of  the 
birds  which  winter  in  Britain. 

The  immigrants  arrive  on  the  south-east  coast  of  England,  from  the 
Humber  to  the  coast  of  Kent,  at  dates  ranging  from  the  latter  half  of 
September  to  mid-November,^  the  greatest  numbers  appearing  during  late 
October,  when  these  movements  are  of cen  in  progress  for  several  succes- 
sive days,  during  which  vast  numbers  pour  in  upon  our  shores.^ 

The  direction  of  the  flight  varies,  being  usually  from  direct  east  to 
west  at  or  about  the  mouth  of  the  Thames  (and  sometimes  on  the  coasts 
of  Norfolk  and  Kent)  to  north-west  and  north-north-west  on  the  coast  of 
Suffolk  and  northwards.  Occasionally  numbers  are  observed  off  the 
mouth  of  the  Thames  and  east  coast  of  Kent  moving  north-west  across 
the  Straits  of  Dover,  as  if  coming  from  the  north-east  coast  of  France. 
On  reaching  our  shores  the  immigrants  proceed  inland  in  search  of  winter 
quarters. 

The  mdvements  are  only  observed  during  the  daytime,  usually  between 
9  A.M.  and  4  p.m.  ;  and  the  birds  pass  the  lightships  in  straggling  flocks,  or 
sometimes  in  small  parties  (even  of  two  or  three  individuals),  and  frequently 
immense  numbers  pass  in  a  single  day. 

The  most  frequent  companion  of  the  Rook  on  these  occasions  is  the 
Daw,  though  always  in  smaller  (usually  much  smaller)  numbers  than  its 
congener ;  the  other  species  also  migrating  in  company,  or  at  the  same 

I  >  The  first  recorded  appearance  is  September  16  in  1880. 

*  In  October  1884  the  migrations  covered  twenty-two  days. 
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time,  being  Grey  Crows,  Carrion  Crows,  Starlings,  Skylarks,  Chaffinches, 
and  Tree  Sparrows. 

Mr.  Caton  Haigh,  who  is  favourably  situated  on  the  north  coast  of 
Lincolnshire  for  observing  these  immigrants,  remarks  that  the  parties 
sometimes  consist  entirely  of  old  birds ;  sometimes  of  old  and  young,  and 
sometimes,  so  far  as  he  was  able  to  determine,  wholly  of  young  birds. 

Autumn  Immigration /rom  North-  Western  Europe, — The  immigration 
from  Northern  Europe  is  far  from  being  extensive.  Rooks  from 
Scandinavia  ^  appear  in  the  l^hetlands  and  at  some  of  the  Orkneys  (North 
Ronaldshay  in  particular)  from  the  middle  of  October  to  mid-November. 
They  arrive  during  the  night,  sometimes  in  fairly  large  flocks,  and  often 
remain  for  a  short  period  before  proceeding  southwards.'^ 

On  the  east  coast  of  the  mainland  of  Great  Britain  the  arrival  of  these 
northern  immigrants  does  not  seem  to  have  been  observed ;  but  passage 
movements  soutli wards  performed  during  the  daytime  are  recorded  as  &r 
south  as  Flamborough  Head.  Similar  migrations  are  witnessed  on  tlie 
west  coast  of  Scotland,  chiefly  at  the  Hebridean  stations,  which  likewise 
follow  the  arrivals  from  the  north.  These  diurnal  migrations  are  pro- 
bably passage  movements  to  British  winter  quarters,  and  they  sometimes 
extend  as  far  westward  as  the  Flannan  and  Monach  Isles.  The  Rook  is  a 
winter  visitor  to  Barra  and  probably  to  some  other  of  the  Hebrides. 

The  autumn  immigrants  from  both  east  and  north  settle  down  for  the 
winter  in  Great  Britain — chiefly,  I  believe,  in  eastern  England — and  do 
not,  as  far  as  we  know  at  present,  proceed  southwards  of  the  British  area 
after  arrival  on  our  shores. 

Autumn  Emigration  from  Britain.^  At  the  Goodwin  Lightships,  on 
several  occasions  during  September  and  October,^  Rooks,  sometimes  in 
considerable  numbers,  are  recorded  as  crossing  the  Straits  of  Dover  in  the 
daytime,  in  an  easterly  and  south  easterly  direction,  as  if  proceeding  to 
the  coasts  of  Belgium  and  France.  These  records  are  of  considerable 
interest  when  considered  in  connection  with  the  more  regularly  observed 
return  movement  which  occurs  in  the  spring.  The  early  date  on  which 
some  of  these  migrations  are  chronicled  would  seem  to  indicate  that  the 
emigrants  are  British  birds,  for  they  are  dated  prior  to  the  arrival  of  the 
earliest  autumn  visitors  from  the  Continent. 

Spring  Immigration  to  Britain, — During  late  February,  throughout 
March,  and  sometimes  in  the  first  half  of  April,^  considerable  numbers  of 
Rooks,  occasionally  accompanied  by  Daws,  Starlings,  and  Skylarks,  arrive 
during  the  daytime  on  the  south-east  coast  of  England  between  Norfolk 
and  Kent,  the  immigrations  on  some  occasions  lasting  for  several  succes- 
sive  days.* 

*  Professor  Collett  informs  me  that  the  Rook,  which  is  not  an  abandent  species 
in  Norway,  mostly  leaves  that  country  for  the  winter. 

^  Mr.  Thomas  Henderson,  junior,  of  Dunrossness,  tells  me  that  during  long -con- 
tinued southerly  gales  he  has  often  seen  the  immigrant  Rooks  rise  in  a  flock  to  a 
considerable  height,  as  if  anxious  to  be  oflf,  and  then  settle  down  again.  They  leave 
Shetland  for  the  soutli  as  soon  as  favoarable  conditions  set  in. 

'  The  earliest  of  these  autumn  departures  is  dated  September  9,  and  the  latest 
October  80. 

*  The  earliest  record  is  for  February  23,  and  the  latest  for  April  18. 

*  The  late  Sir  Edward  Newton  made  a  number  of  interesting  observations  on 
these  movements  as  witnessed  by  him  at  Lowestoft.  He  writes  thas  on  one  of  them 
which  occurred  on  March  31,  1889:  *This  morning,  while  sitting  in  the  house* 
I  heard  Rooks  and  Jackdaws.  On  looking  out  I  saw  flocks  of  about  one  hundred 
coming  in  very  high  from  the  S.B.    A  few  minutes  later  I  again  heard  Rooks  and 
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These,  or  periiaps  we  thoold  say  sorae  of  them,  are,  no  doubt,  the 
return  movements  to  British  haunts  of  the  emigrants  observed  leaving 
our  shores  in  the  autumn.  Other  individuals,  especially  the  late  arrivals, 
maj  be  on  pa&sage  to  the  Continent,  the  corresponding  autumn  passage 
southwards  on  the  part  of  foreign  immigrants  is  not  obviously  recordeid 
in  our  data,  though  it  possibly  occurs. 

Spring  Emigration  to  Central  Europe, — As  the  reverse  migration  was 
the  main  one  of  the  autumn,  so  is  this  the  most  important  one  of  the 
•pring. 

The  first  departures  of  the  Rooks  which  have  wintered  in  England 
are  those  for  Central  Europe.  As  early  as  the  second  week  of  February 
(the  10th  being  the  earliest  record)  these  great  emigrations  eastwards  set 
in,  reach  their  maximum  during  March,  and  are  much  in  evidence 
until  the  middle  of  April,  the  23rd  of  that  month  marking  their  extreme 
limit  in  the  observations.  During  this  prolonged  period  vast  numbers  of 
emigrants  are  observed  at  the  lightships  between  the  Humber  and  the 
mouth  of  the  Thames  (occasionally  at  the  Straits  of  Dover),  passing  to  the 
south-east  and  east  during  the  daytime,  from  6  a.m.  onwards,  and  some- 
times flying  very  high  ;  Grey  Crows,  Daws,  Skylarks,  Tree  Sparrows, 
and  Chaffinches  not  unfrequently  departing  at  the  same  time. 

Prior  to  their  departure  certain  of  these  emigrants  have  been  observed 
passing  southwards,  occasionally  accompanied  by  Grey  Crows,  on  both 
the  Yorkshire  and  Norfolk  coasts,  en  route  for  some  particular  points  of 
embarkation  for  the  crossing  of  the  North  Sea.^ 

Spring  Emigration  to  North-  Western  Europe, — The  Rooks  from  Scan- 
dinavia which  have  wintered  in  our  islands  return  north  in  March  and 
April,  and  (as  in  the  autumn)  are  mainly  observed  on  passage  in  the 
Orkneys  and  Shetlands.  Some  appear  in  these  northern  islands  as  early 
as  the  first  days  of  March,  but  the  chief  movements  take  place  during  its 
latter  days  and  the  early  days  of  April,  though  a  few  are  seen  as  late  as  the 
end  of  that  month.'  They  arrive  during  Uie  night,  occasionally  in  large 
flocks,  and  are  sometimes  accompanied  by  Grey  Crows  and  Daws.  The 
emigrants  appear  at  stations  widely  scattered  over  both  Orkney  and  Shet- 
land, and  usually  tarry  for  &  few  days  before  proceeding  northwards. 

There  are  only  a  few  records  relating  1o  these  movements  northwards 
on  the  east  coast  of  Britain,  and  it  would  seem  as  if  they  but  rarely  came 
under  notice  at  any  of  the  mainland  stations.  Rooks  in  small  numbers 
are,  however,  observed  annually  at  the  Hebrides,  including  the  Flannan 
Isles,  on  passage  during  March  and  April.  They  occur  at  the  Fnroes  on 
passage  about  the  same  time  (Andersen),  and  arrive  in  Norway  during 
the  latter  part  of  March  or  beginning  of  April  (Collett). 

Irieh  MigroHons. — The  r^^lar  migrations  of  the  Rook  witnessed  in 
Ireland  are  of  an  extremely  limited  nature,  and  relate  to  certain  arrivals 
in  the  spring.  Ireland  does  not  appear  to  be  visited  by  Continental  birds 
as  a  winter  resort,  and  hence  the  movements  observed  there  are  chiefly 

Jackdaws,  add  again  saw  another  flock,  also  very  high,  flying  northwards ;  they  were 
occasionally  toying  and  circling  as  one  sees  them  in  sammer  and  autamn.' 

'  At  Somerton.  on  the  Norfolk  coast,  on  March  20, 1886,  Rooks  were  flying  due 
«onth  in  a  continuons  stream  from  10.30  A.M.  to  6  P.M.,  never  fewer  than  1,000  being 
in  sight  at  the  same  time.    {Report,  1885,  p.  47.) 

*  StragKlers  have  been  observed  as  late  as  May  16,  and  some  of  a  party  which 
arrived  in  Unst  on  Maroh  4, 1901,  remained  until  Jnly  23  (T.  £.  Sazby),  and  probably 
did  not  proceed  beyond  the  limits  of  the  British  Isles. 
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of  a  local  or  irregular  character.     There  are,  however,  occasional  inter- 
migrations  with  Great  Britain. 

Irish  Autumn  Movements, — During  October  and  November  in  some 
years  Rooks  have  been  recorded  as  arriving  on  the  south-east  coast,  but 
these  immigrations  are  so  irr^ular  and  unimportant  as  not  to  merit  further 
notice  at  present.  Such  passages  on  the  part  of  other  species  are  among 
the  best  observed  and  most  interesting  of  the  Irish  movements,  and  the 
absence  of  the  Rook  presents  a  remarkable  negative  feature,  especially 
so  since  nearly  all  the  species  from  Central  Europe  which  winter  in  England 
find  their  way  to  Ireland  by  this  route  in  considerable  numbers. 

Rooks  have  also  been  occasionally  observed  in  October  at  the  islands 
(Rathlin  and  Maidens)  off  the  north-east  coast,  coming  from  the  direction 
of  the  mainland  of  Scotland,  and  sometimes  ^  rushes '  are  recorded. 

Irish  Spring  Movements, — The  chief  feature  in  the  migrations  of  the 
Rook  as  observed  in  Ireland  is  the  regular  spring  immigration  observed 
(during  the  daytime)  on  the  south-east  coast,  between  the  latter  half  of 
March  and  the  third  week  of  April — the  movements  indicating  that  a 
corresponding  autumn  emigration  most  likely  takes  place,  though  such  has, 
as  yet,  entirely  escaped  notice.  It  is  impossible  to  determine  the  precise 
nature  of  these  movements.  They  may  relate  to  birds  returning  to  their 
native  homes,  or  to  birds  of  passage  traversing  the  Irish  coast  on  their 
way  northwards.  We  have,  however,  no  further  information  concerning 
them,  and  the  question  must  remain  open. 

There  are  occasional  records  of  spring  departures.  These  are  witnessed 
at  Oopeland  Island,  Rathlin,  and  the  Maidens,  off  the  north--ea8t  coast, 
where  ocoasionally  Rooks  have  been  observed  moving  towards  Scotland 
in  April.  These  are  probably  return  migrations  of  the  birds  sometimes 
observed  at  the  same  stations  moving  in  an  opposite  direction  in  the 
autumn. 

AppcurenUy  JBrratic  Movements  to  the  West, — In  the  late  autumn  large 
numbers  of  Rooks  have  occasionally  been  observed  moving  westwards 
beyond  the  British  Isles  and  over  the  waters  of  the  Atlantic,  wherein 
many  perish,  and  whence  others,  having  retraced  their  flight,  arrive  in  an 
exhausted  condition  on  our  furthest  western  shores. 

Perhaps  the  best  instance  on  record  of  such  movements  occurred  in 
October  1893,  when  late  in  the  month  vast  numbers  (estimated  at  from  . 
5,000  to  6,000)  arrived  at  Scilly  from  the  south-east,  accompanied  by  a 
few  Daws,  and  proceeded  in  a  westerly  direction.  About  the  same  time 
a  large  flight  of  Rooks,  presumably  the  same  birds,  were  met  with  by 
steamers  out  in  the  Atlantic  some  300  miles  west  of  Ireland,  and  in  such 
an  exhausted  condition  that  some  fell  into  the  sea  and  were  drowned, 
being  too  weak  to  retain  their  foothold  on  the  vessel  on  which  they  had 
alighted.  It  is  said  that  these  birds  avoided  the  outward-bound  steamers, 
but  sought  those  which  were  approaching  the  land.  As  there  was  nothing 
unusual  in  the  weather  at  the  time  of  the  birds'  appearance  in  Scilly, 
they  were  certainly  not  on  this  occasion  blown  out  to  sea,  a  theory  which 
has  been  advanced  to  explain  similar  flights. 

Return  movements  of  considerable  numbers  of  Rooks  from  the 
Atlantic  have  several  times  been  recorded  at  stations  on  the  west  coast 
of  Ireland.     In   1884,   between  November  2  and   25,   large    numbers 

>  J.  H.  JenkiDson,  The  Field,  March  3, 1894. 

Digitized  by  VjOOQ IC 


ON   BIRD  MIGRATION.  308 

arrived  at  Tearaght  Island  and  at  the  Skelligs,  off  the  coast  of  Kerry, 
for  several  days,  either  in  flocks  or  at  intervals. 

Again  in  1887,  between  October  21  and  November  23,  they  appeared 
at  the  same  stations,  also  in  numbers  and  direct  from  the  Atlantic. 
Similar  movements  were  witnessed  in  1888  and  1890,  chiefly  in  November, 
at  Tearaght  and  at  Slyne  Head,  Galway. 

In  the  middle  of  November  1893  (soon  after  the  great  movement 
observed  at  Scilly),  some  4,000  or  6,000  appeared  in  the  Island  of  Lewis, 
arriving  in  an  exhausted  state,  and  great  numbers  were  washed  ashore  on 
the  west  side  of  the  island. '  It  is  worthy  of  remark  that  actual  occupancy 
of  a  new  '  Rookery '  took  place  within  the  castle  grounds  of  Stomoway, 
Lewis,  very  shortly  after  this  phenomenal  invasion  was  first  recorded  in 
The  Field  by  Mr.  Duncan  Mackenzie.'-' 

Summary  of  the  Migrations  of  the  Rook, — 1.  Partial  and  irregular 
movements  on  the  part  of  young  and  old  begin  at  the  close  of  the  nesting 
season  and  continit^  throughout  the  autumn. 

2.  Vast  numbers  of  Rooks  from  Central  Europe  arrive  on  the  south- 
east coast  of  England  (coming  from  the  east  and  south-east)  between  the 
latter  half  of  September  and  the  middle  of  November,  to  pass  the  winter 
in  the  eastern  counties  of  England.  This  is  the  main  autumnal  move- 
ment. 

3.  From  the  middle  of  October  to  the  middle  of  November  emi- 
grants from  Scandina^da  arrive  on  our  northern  shores  and  remain  to 
winter  in  Great  Britain.  They  are  chiefly  observed  as  immigrants  in 
Shetland  and  Orkney,  and,  on  passage  to  their  British  retreats,  on  the 
north-east  and  north-west  coastlines. 

4.  In  severe  winters  some  emigrate  from  the  mainland  of  Nprth 
Britain  and  are  observed  in  small  numbers  in  the  Western  Isles  (Lewis 
Ac.) 

5.  Late  in  February,  during  March,  and  sometimes  early  in  April 
numbers  of  Rooks  arrive  on  the  south-east  coast  of  England  from  the 
Continent,  moving  in  a  westerly  and  north-westerly  direction  during  the 
daytime.  These  are  most  probably  returning  British  emigrants  whose 
departure  in  the  autumn  has  escaped  notice. 

6.  Early  in  February  and  until  mid-April  the  Rooks  from  Central 
Europe  which  have  wintered  in  England  depart  from  the  south-east  coast 
for  their  summer  homes.  This  is  the  most  important  movement  of  the 
spring. 

7.  Throughout  March  and  April  the  winter  visitors  to  Britain  from 
Scandinavia  are  observed,  chiefly  at  the  Orkneys  and  Shetlands,  returning 
to  their  northern  summer  quarters. 

8.  The  Irish  movements  are  chiefly  of  an  irregular  and  unimportant 
nature,  and  Ireland  is  not  resorted  to  by  the  Continental  visitors  for 
winter  quarters.  In  October  and  November  in  some  years  arrivals  have 
been  recorded  on  the  south-east  coast  after  passage  across  St.  George's 
Channel ;  and  there  are  occasional  arrivals  from  Scotland  at  the  islands 
off  the  N.E.  coast.  In  spring  there  is  a  regular  return  migration  wit- 
nessed on  the  S.E.  coast  between  the  latter  half  of  March  and  the  third 
week  of  April ;  implying  an  unobserved  autumn  emigration  either  of 


D.  Mackenzie,  The  Field,  April  4, 1894. 
Annali  of  Scat.  Nat.  Hist.,  pp.  149-160. 
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native  Rooks  or  of  birds  of  passage,  or  both.     There  are  a  tew  records  of 
the  return  of  Rooks  to  Scotland  in  the  spring. 

9.  In  the  autumn  of  some  years  apparently  erratic  movements  west- 
wards over  the  Atlantic  have  taken  place.  During  these  many  of  the 
wanderers  have  been  known  to  perish,  while  others  have  been  observed 
returning,  in  an  exhausted  condition,  on  the  west  coast  of  Ireland,  and  of 
the  Hebrides. 


The  State  of  Solution  of  Proteids. — Report  of  the  Committee^  consisHfig 
of  Professor  Hallibcrton  (Chairman)^  Professor  Waymouth 
Beid  (86creta/ry)j  and  Professor  E.  A.  SchIfer,  appointed  to 
investic/ate  the  state  of  SoliUion  of  Proteids, 

The  test  of  solution  employed  in  this  research  has  been  the  production  of 
a  lasting  osmotic  pressure  upon  a  membrane  impermeable  to  the  proteid 
when  the  pure  solvent  is  exhibited  on  one  side  and  the  reputed  solution  on 
the  other  side  of  the  membrane.  A  positive  result  by  direct  manometric 
observation  is  taken  as  indicating  a  condition  of  true  solution,  a  negative 
result  as  indicative  of  a  state  of  fine  suspension  of  the  proteid.  The 
membrane  used  has  been  almost  exclusively  formalised  gelatine  supported 
in  the  pores  of  peritoneal  membrane,  fixed  on  a  perforated  metal  support, 
and  set  in  an  osmometer  in  which  continuous  stirring  for  periods  of  six 
to  eighteen  days  was  possible. 

The  pressures  were  read  daily  with  careful  thermometric  correction. 

Ovalbumin,  serum-albumin,  and  various  globulins  have  chiefly  been 
used  for  experiment,  though  work  with  other  proteids  is  still  in  progress. 

Since  the  molecular  weights  of  proteids  is  uncertain,  the  results  have 
been  simply  stated  in  the  pressures  in  mm.  of  mercury  for  1  per  cent, 
concentration  of  the  proteid  in  reputed  solution  as  determined  by 
analysis. 

As  the  source  from  which  all  proteids  are  drawn  must,  by  the  nature 
of  the  case,  be  one  heavily  contaminated  with  other  bodies,  and  as  it  is 
well  known  that  proteids  absorb  other  bodies  in  solution  very  strongly, 
attention  has  been  largely  directed  to  the  purification  of  the  material  used 
for  experiment.  In  some  cases  crystallisation  may  assist,  but  it  is  believed 
that  thorough  washing  with  salt  solutions  in  which  the  crystallised  or 
precipitated  proteid  is  insoluble,  is  the  best  means  for  removal  of  adherent 
foreign  substances.  The  purification  of  the  material  for  experiment  has 
been  the  most  laborious  part  of  the  research. 

The  fact  that  solutions  of  similarly  prepared  samples  of  the  same  pro- 
teid (say  ovalbumin)  obtained  from  different  sources  (difierent  batches  of 
eggs)  may  give  very  different  osmotic  pressures  per  unit  concentration  of 
proteid,  suggested  that  the  pressure  read  in  such  cases  is  not  due  to  the 
proteid  in  solution,  but  to  some  other  body  or  bodies  in  true  solution 
and  present  in  variable  amount. 

If  this  is  so,  thorough  washing  of  all  such  proteids,  which  in  apparent 
solution  at  first  give  an  osmotic  pressure,  should  finally  yield  a  fluid  hold- 
ing proteid,  but  giving  no  osmotic  pressure. 

This  has  been  amply  verified  in  the  experiments,  both  in  the  case 
of  ovalbumin  and  serum-albumin,  and  osmotic-pressure-free  proteid 
*  solutions '  have  been  prepared  without  great  difficulty,  and  the  proteid 
obtained  dry  by  the  vacuum  pan  for  use  in  other  experiments. 
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An  obyiouB  objection  to  the  above  interpretaticm  of  the  results  is  that 
the  process  of  washing  may  so  physically  alter  the  proteid  that,  though 
originally  in  true  solution,  it  reaches  in  the  end  a  state  in  which  it  is 
only  in  suspension.  This  objection  is  much  weakened  by  the  fact  that 
if  the  washings  are  collected,  the  salt  removed  from  them,  and  the  fluid 
concentrated  in  the  vacuum  pan  (in  which  the  temperature  is  not  allowed 
ever  to  exceed  30^  C),  a  fluid  is  obtained  free  of  proteid  but  giving  a  last- 
ing osmotic  pressure,  though  the  washed  separated  proteid  does  not  give 
any  pressure.  In  other  words,  the  substance  or  substances  causing 
an  osmotic  pressure  in  the  proteid  '  solution '  first  obtained  can  be  washed 
out  and  collected,  and  a  solution  so  obtained  is  then  found  to  give  a 
pressure  though  containing  no  proteid,  while  the  proteid  from  which  it 
has  been  removed  is  no  longer  capable  of  giving  a  pressure. 

It  is  interesting  to  observe  that  a  plain  gelatine  membrane  is  permeable 
by  the  substance  or  substances  in  solution  in  the  washings,  and  that  only 
when  osmotic-pressure-free  proteid  is  added  to  the  solution  does  the 
pressure  stand  steady  for  the  full  length  of  the  experiment  (nine  days). 

It  is  thought  that  this  solution  contains  disintegration  products  of 
proteids,  since  bacterial  action  will  soon  cause  a  ^  solution '  of  osmotic-pres- 
sure-free proteid  to  give  a  lasting  pressure,  and  that  the  pressure  exhibited 
by  freshly  prepared  and  unpuritied  *  solutions '  of  proteid  is  really  due  to 
adherent  proteid  metabolites  in  true  solution. 


The  Zoology  of  the  Sattdwich  Islands. — Thirteenth  Report  of  the  Com- 
mUtee,  coTisisting  of  Professor  Newton  (Chairman),  Mr.  Damd 
Sharp  (Secretary),  Dr.  W.  T.  Blanford,  Professor  S.  J.  Hickson, 
Dr.  P.  L.  ScLATEK,  Dr.  F.  Du  Cane  Godman,  and  Mr.  Edgar  A. 
Smith. 

This  Committee  was  appointed  in  1890  and  has  been  since  annually 
reappointed. 

Since  the  last  report  two  parts  of  the  Fauna  Hawaiiensis,  published  by 
the  Committee,  have  appeared,  viz.  Vol.  III.  Part  2,  *Hemiptera,*  by 
Mr.  G.  W.  Kirkaldy,  and  Vol.  III.  Part  3,  '  Coleoptera  Caraboidea,*  by 
D.  Sharp. 

The  first  set  of  the  Diptera  described  by  Mr.  P.  H.  Grimshaw  has 
been  sent  to  the  British  Museum,  l^atural  History. 

The  part  of  the  Fauna  Hawaiiensis  dealing  with  Vertebrata  is  in  the 
Press,  and  copy  for  two  other  parts  is  in  hand. 

The  Committee  asks  for  reappointment  without  a  grant. 


Corral  Beefs  of  the  Indian  Region. — Fourth  Report  of  the  Committee, 
consisting  of  Mr.  A.  Sedgwick  (Chairman)^  Mr.  J.  Stanley 
Gabdiner  (Secretary),  Professor  J.  W.  Judd,  Mr.  J.  J.  Lister, 
Mr.  Francis  Darwin,  Dr.  S.  F.  Harmer,  Professor  A.  Mac- 
ALiSTER,  Professor  W.  A.  Herdman,  Professor  S.  J.  Hickson, 
Professor  G.  B.  Howes,  and  Professor  J.  Graham  Kerr, 

The  Committee  present  the  following  Report  by  the  Secretary,  who  has 
had  charge  of  the  work  : — 
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During  the  past  year  two  parts  of  '  The  Fauna  and  Greography  of  the 
Maldive  a&d  Li^cadive  Archipelagoes '  have  been  published,  i,e.  Part  IV., 
completing  Volume  I.,  and  Part  I.  of  Volume  II.  They  contain  reports 
by  Mr.  C.  Forster  Cooper  on  the  Cephalochorda  ;  by  Mr.  R.  C.  Punnett 
on  Meristic  Variation  in  the  Cephalochorda  ;  by  Dr.  Cradow  and  Mr. 
Stanley  Gardiner  on  the  Birds  ;  by  Mr.  F.  £.  Beddard  on  the  Earth- 
worms ;  by  Mr.  W.  F.  Lanchester  on  the  Stomatopoda  ;  by  Mr  L.  A. 
Borradaile  on  the  Crabs  of  the  groups  Catometopa,  Oxystoraata,  and 
Dromiacea,  and  on  the  Cirripedia  ;  by  Dr.  M.  Foslie  of  Trondhjem  on 
the  lithothamnia,  important  reef -building  algie  ;  by  Professor  Sydney  J. 
Hiokson  and  Miss  Pratt,  two  most  valuable  and  interesting  papers  on  the 
Aloyonaria  of  the  Maldives  ;  by  Sir  Chas.  Eliot,  K.C.M.G.,  on  the  Nudi- 
branchiata  ;  by  Mr.  F.  F  Laidlaw  on  a  Land  Planarian,  the  first  recorded 
from  an  oceanic  atoll ;  and  by  Sir  John  Murray  and  Mr.  Stanley 
Gardiner  on  the  Lagoon  Deposits. 

Part  II.  of  Volume  II.  is  in  the  press,  and  will  contain,  among  others, 
papers  by  Mr.  Edgar  Smith  on  the  Shelled  Mollusca,  of  which  381  are 
recorded ;  and  by  Mr.  R.  C.  Punnett  on  the  Enteropneusta,  fourteen 
species  and  varieties,  with  an  account  of  meristic  variation  in  the  group. 

Reports  are  shortly  expected  on  most  of  the  other  groups  which 
have  not  already  been  dealt  with.  A  list  of  the  genera  and  the  pelagic 
species  of  Foraminifera  has  been  given  in  the  report  on  'Lagoon 
Deposits.'  In  view  of  the  accounts  published  or  in  the  press  on  the 
East  Indian  Foraminifera,  and  also  of  the  necessary  limitation  of  space, 
it  is  not  proposed  to  give  any  further  report.  Mr.  Cyril  Crossland  has 
undertaken  to  work  out  the  Polychaeta  in  conjunction  with  his  own 
collection  from  Zanzibar.  The  group  shows  great  variability,  and  the 
collections  are  both  of  very  considerable  size,  similar  in  genera,  and  from 
two  well-defined  areas  of  the  Indian  Ocean,  of  which  the  physical  features 
are  known.  As  it  is  obviously  greatly  to  the  advancement  of  our  know- 
ledge of  the  group,  I  have  agreed  that  the  two  collections  shall  be 
reported  on  together  in  a  single  paper,  of  which  the  first  part  has  already 
appeared  in  the  *  Proceedings  of  the  Zoological  Society.'  I  am  myself  at 
present  engaged  in  preparing  my  report  on  the  true  Corals  (Madre- 
poraria),  but  the  work  is  one  of  considerable  difficulty,  as  at  present 
practically  nothing  is  known  of  variation  in  this  group  of  animals. 

Volunteers  are  urgently  desired  for  the  Hydroid  Polyps,  Actiniarians, 
Pteropods,  Holothurians,  and  some  other  groups.  It  is  not  proposed  to 
publish  any  detailed  report  on  the  whole  pelagic  fauna,  as  it  would  be 
foreign  to  the  main  objects  of  the  expedition.  The  collection  is  of  course 
open  to  specialists  who  desire  to  examine  it  for  different  groups  of 
animals. 

In  addition  to  the  papers  enumerated  above  as  published  in  the  year 
1902-03,  I  have  concluded  my  article  on  the  coral  formations  with  a 
detailed  description  of  the  Maldive  atolls  and  banks  in  Appendix  B,  and 
some  concluding  remarks  on  the  food,  life,  and  death  of  corals  in 
Appendix  C.  So  far  as  possible  I  have  shown  in  the  text  and  in  a  series 
of  figures  the  present  conditions  of  the  Maldive  atolls  and  reefs  visited 
by  my  expedition.  The  surveys  were  made  in  comparison  with  the 
already  existing  charts.  They  do  not  pretend  to  atrict  topographical 
accuracy,  but  were  such  as  the  very  limited  means  and  time  at  our  disposal 
enabled  us  to  do.  They  were  intended  for  comparison  only ;  but  being, 
I  believe,  fairly  accurate,  so  far  as  specific  islands,  reefs,  lagoons,  depths, 

Digitized  by  CjOOQIC 


ox  CORAL  REEFS  OP  THE  INDIAN  REGION.  307 

&c.  are  mentioned,  will  be,  I  trust,  useful  for  a  further  comparison  when- 
ever the  group  is  resurveyed  by  the  Admiralty. 

As  the  results  of  the  expedition  on  the  question  of  the  formation  of 
coral  reefs,  the  investigation  of  which  was  the  main  object  of  the  expedi- 
tion, have  now  lieen  published,  I  may  be  permitted  to  briefly  summarise 
them.^  I  would,  however,  first  express  my  very  great  indebtedness  to 
Messrs.  L.  A.  Borradaile  and  C.  Eorster  Cooper  and  Captain  Molony,  of 
the  ss.  *  Ileaffliee '  for  the  very  loyal  and  whole-hearted  way  in  which  they 
aided  me  in  all  the  work. 

In  the  first  place,  an  accurate  knowledge  has  been  obtained  of  the 
largest  and  most  extraordinary  series  of  coral  formations  in  the  world, 
one  situated  too  at  the  present  time  quite  outside  the  influences  of  conti- 
nental conditions.  The  physical  features  of  the  region  have  been  examined, 
especially  in  respect  to  currents,  while  the  biological  conditions  have  been 
exhaustively  studied  both  of  the  encircling  ree&  and  of  those  within  the 
banks,  and  both  towards  the  ocean  and  the  enclosed  waters  of  the  lagoons 
and  banks.  Owing  to  specially  favourable  circumstances  it  has  been  pos- 
sible to  throw  considerable  light  on  the  rate  of  growth  of  corals  and  hence 
also  of  reefs.*  Special  work  was  undertaken  to  investigate  the  seaward 
slopets  of  the  reefs,  the  formation  of  lagoons,  the  action  of  boring  and 
sand-feeding  organisms,  and  the  conditions  affecting  the  land.  Owing  to 
this  examination  it  has  been  possible  to  ascertain  the  changes  in  progress 
in  the  different  atolls  and  banks,  and  so  by  deduction  to  infer  the  later 
stages  in  the  formation  of  the  coral  reefs  of  the  region. 

Unfortunately  the  means  available  for  the  expedition  were  not 
sufficient  to  allow  of  detailed  work  being  undertaken  below  50  fathoms, 
which  was  shown  to  be  the  extreme  limit  in  depth  of  the  so-called  reef- 
building  corals,  those  forms  which  at  present  are  found  living  on  the 
surfaces  of  the  reefs. ^  A  few  deeper  soundings  were  nevertheless  made, 
showing  in  the  centre  of  the  Maldive  group  a  comparatively  shallow 
(200  fathoms)  table  on  which  the  majority  of  the  atolls  and  banks  have 
arisen.  A  subsequent  expedition  by  that  renowned  American  investigator 
Professor  Alexander  Agassiz  has  further  elucidated  the  greater  depths, 
and  its  full  report,  when  published,  will  probably  be  found  to  give  a  very 
complete  idea  of  the  whole  topography  of  the  Maldive  Archipelago. 

While  a  fair  knowledge  has  now  been  attained  of  the  conditions  and 
life  on  the  floor  of  the  deep  sea,  there  has  unfortunately  been  little  work 
done  in  oceanic  areas  on  the  shallower  bottom  down  to  500  fathoms.  The 
evidence  from  the  Maldive  group  shows  how  peculiarly  interesting  would 
be  such  a  knowledge  of  the  conditions  between  50  and  200  fathoms. 
Indeed,  an  expedition  undertaken  mainly  for  this  object  would  certainly 
do  more  to  elucidate  the  probable  and  possible  methods  of  the  formation 
of  coral  reefs  than  any  other  mode  of  investigation.  Further,  such  an 
expedition  would  undoubtedly  throw  an  immense  flood  of  light  on  the 
bathymetrical  distribution  of  animals  and  plants.  It  would  also  make 
possible  a  proper  examination  into  the  questions  relating  to  the  geographical 
distribution  of  marine  animals  and  plants,  a  subject  at  present  untouched, 

'  See  also  «The  Origin  of  Coral  Reefs  as  shown  by  the  Maldives,*  by  J.  Stanley 
Gardiner,  Amer.  Jtmm.  Sci.,  vol.  xvi.,  Sept.  1903,  pp.  203-213. 

'  These  forms  depend  mainly  on  their  commensal  algae  for  their  natrition,  bat 
the  existence  of  a  perfectly  distinct  coral  fauna  living  at  intermediate  depths,  having 
its  maximum  loxoriance  at  abont  40  fathoms,  and  not  depending  on  coroYTiensal  algae, 
was  discovered. 
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but  one  which,  I  venture  to  predict,  will  throw  more  light  than  even  that 
of  land  animals  on  the  past  changes  of  land  and  sea  on  the  earth.  The 
further  investigation  of  the  interesting  question  of  the  formation  of  coral 
reefs  in  my  opinion  calls  for  such  an  expedition.  From  several  areas 
might  be  expected  important  results  on  which  a  host  of  questions  at 
present  depend.  A  well-equipped  steamer  would  be  essential,  but  the 
equipment  of  such  an  expedition  is  beyond  private  enterprise.* 

The  publications  of  the  'Results  of  the  Funafuti  Expeditions '  and  of 
Professor  Agassiz's  Maldive  expedition  may  shortly  be  expected.  The 
time  for  such  an  investigation  as  I  have  indicateil  above  will  not  perhaps 
be  ripe  for  one  or  two  years,  but  I  venture  to  hope  that  the  question 
will  be  considered  by  the  Committee. 

The  Committee  ask  for  reappointment  without  a  grant. 


Invedlgaiions  in  the  Laboratorif  of  tlie  Marine  Biological  Association  of 
the  West  of  Scotland  at  Millport. — Report  of  tlie  Gonvmittee,  con- 
sisting of  Sir  John  Murray  (Ghaimum),  Dr.  J.  F.  GtEmmill 
(Secret art/),  Professors  Bower,  Cossar  Ewart,  W.  A.  Herdman, 
and  M.  Laurie,  and  Messrs.  Alex.  Somerville  and  J.  A. 
Todd. 

Op  the  grant  of  25/.  given  in  1901  the  greater  part  was  expended  daring 
1902  in  enabling  Mr.  Alexander  Patience  to  investigate  the  Crustacea  of 
the  Clyde  sea  area,  and  Dr.  Jas.  Rankin,  B.Sc,  to  investigate  the  Com- 
pound Ascidians  of  the  same  area.  Reports  by  these  workers  were  sub- 
mitted in  1902,  that  of  Mr.  Patience  being  an  interim  one.  Mr.  Patience 
has  now  presented  his  report  to  the  Comimittee,  which  is  as  follows  : — 

Report  on  the  Crustacea  collected  during  tJte  Dredging  Cruise  of  the  MUlport 
Marine  BiologiccU  Association's  Steamer  ^Mermaid'  since  May  1902. 
By  Alexander  Patience. 

Investigations  were  carried  out,  on  various  dates  since  May  1902,  in 
all  the  Northern  Clyde  Lochs,  in  Kilbrennan  Sound,  in  the  vicinity  of 
the  Great  and  Little  Cumbraes,  and  from  the  Little  Cumbrae  to  Ailsa 
Craig.  In  all,  dredgings  were  taken  from  140  stations.  The  depths 
ranged  from  5  to  107  fathoms.  This  is  the  greatest  depth  within  the 
Clyde  sea-area,  and  is  found  in  Lower  Loch  Fyne,  off  Skate  Island. 

The  chief  object  of  my  investigations  was  to  study  the  distribution  of 
the  Malacostraca  within  the  Clyde  sea-area. 

Apart  from  the  new  species  discovered  and  the  new  records  made,  the 
distribution  of  many  of  the  Ma>lacostracan  species  has  been  extended, 
especially  among  the  Schizopoda,  since  the  publication  of  Dr.  Scott's  list 
in  1901.*  In  this  short  report  I  cannot  deal  with  this  part  of  my  in- 
vestigations, but  hope  to  publish,  at  an  early  date,  an  extended  paper 
giving  details. 

*  I  estimate  the  cost  at  aboat  12,000Z.  for  a  well-equipped  expedition. 
>  J3.A,  for  Adv.  of  SeieneOt  OlasgoWy  1901,  *  Fauna,  Flora,  and  Geology  of  Clyde 
Sea-area,'  p.  328. 
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As  mentioned  in  ray  interim  report,  two  new  species  were  discovered, 
viz.  : — 

Pleuroerypta  Patiencei^  Scott.  P.  Cluthr^  Scott. 

They  have  been  described  by  Dr.  Thomas  Scott,  F.L.S.,  of  H.M. 
Fishery  Board,  in  a  paper  contributed  to  the  '  Ann.  Mag.  of  Natural 
History.' 

I  have  reason  to  believe  that  a  Sacculina  which  I  discovered  on 
Munida  rugoaa^  Eabr.,  as  also  one  on  Galathea  intermedia^  Lillj.,  and  a 
Peltogaater  on  Anapcigurus  Icevisj  Thomp.,  are  new  to  science.  I  am 
waiting,  however,  for  farther  material  to  establish  this  fact. 

The  following  species  which  I  have  discovered  are  new  to  the  Clyde 
sea -area,  viz. : — 

Decapoda. 

JChaUa  CozttB^  Heller. 

E.  Coita^  Heller,  var.  ^ranvlosa,  Milne- Edw. 

I  am  indebted  to  Dr.  Norman,  F.R.S.,  for  identifying  the  above. 
I  have  verified  Landsborough  Martin's  record  of  the  occurrence  in  Clyde 
waters  of  B,  Cranchii^  Leach,  which  was  held  as  doubtful  by  Dr.  J.  R. 
Henders<m.^ 

Xantha  hydrophilu$^  Herbst.,  var.  tuh&rcuiata.  Couch. 

I  have  established  the  occurrence,  at  the  greatest  depth  (107  fathoms), 
within  the  Clyde  sea-area,  of  Pandalua  MorUagu%  Leach.  Records  of 
its  occurrence  in  depths  of  over  70  fathoms  in  British  waters  have  hitherto 
been  regarded  with  doubt.* 

Schizopoda, 
Macropus  Slahheri  (Van  Beneden).  Paeudomma  roieum^  G.  0.  Sars. 

I  have  contributed  two  papers  to  the  Glasgow  Natural  History  Society 
of  Glasgow  dealing  with  the  occurrence  of  the  two  above-named  Schizo- 
j?od8  within  the  Clyde  sea-area. 

Isopoda, 
Idotkea  neglecta,  G.  0.  Sars.  /.  viridis  (Slabber). 

I  am  of  opinion  that  these  two  species  have  been  confounded  by 
previous  observers  in  the  Clyde  with  /.  haUica  (Pallas). 

I  submitted  them  to  Dr.  Scott,  who  agrees  with  my  identification  of 
'them. 

Eurydiee  spinigera,  H.  J.  Hansen.'  Cy^nodoce  trunoatoj  Leach. 

I  believe  this  species,  as  well  as  C.  emarginatay  Leach,  were  recorded 
l)y  the  late  Dr.  Robertson,  Millport,  but  have  been  inadvertently  omitted 
from  Dr.  Scott's  list. 

Plfwrocrypta  UmsibrancMata  (B.  &  W.)  on  OdUUhea  di$per$a,  Bate  ;  and  on 
£f.  iqyami/era.  Leach. 

'  Proo.  Nat,  Hist.  Soc,  01a».  (n.8.)  vol.  I.  p.  353. 

*  Caiman,  Ann,  Mag,  Nat,  HUt,^  vol.  iii.  7th  series,  pp.  27,  39. 
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The  following  species  have  been  found  on  new  hosts,  viz.:  — 

Sopyroidei  ttarH^  Boonier,  on  Spirontc-  P,  Hyndmanni  (B.  &  W.)  on  AnapcLgurvs 

oaris  teawrifrans^  Norman.  lavU  (Thomp.) 

Ptettdume  crenulata^  G.  0.  Sars^on  Qala-  Atheleges  paguri  (Ralhke)  on  A,  UeriSy 

thea  digpersat  Bate.  and  on  Evpogurus  PrideavmU  (Leach). 

Another  species,  A.  Frideatixii,  Giard  and  Bonnier,  has  been  found 
on  the  last-named  species  of  decapod  ;  but  Stebbing  says  *  that  *  the  adult 
female  retains  a  rudimentary  fifth  pair  of  appendages  on  the  pleon  which 
are  transitory  on  the  former' — i.e,  on  A. paguri.  In  my  specimens,  how- 
ever, which  seem  to  be  fully  matured,  there  are  only /our  pairs,  and  the 
form  of  the  two  plates  of  which  each  appendage  consists  is  exactly  the 
same  as  in  A.  paguri.  1  have  shown  these  specimens  to  Dr.  Scott,  and 
he  has  referred  them  to  A,  paguri,  and  on  this  point  I  fully  agree  with 
him. 

Phrymti  ahdimiinalis  (Kr.)  on  Spirontocaris  pusiola  (Kr.) ;  S.  Craitchii,  Leach ; 
and  8.  Oaimardii  (Milne- Bdw.) 

I  have  not  completed  my  survey  of  the  Cumacea  and  Amphipoda,  but 
hope  to  publish  the  results  at  an  early  date. 

The  Committee  ask  for  a  renewal  of  the  grant  of  2bL  given  in  1901,  to 
enable  Mr.  R.  T.  Leiper  to  investigate  the  Acoelous  Turbellarians  of  the 
Millport  area  and  to  enable  Mr.  D.  C.  Mcintosh,  M.A.,  to  work  at 
Variation  in  Ophioconia  granuloma  (0.  F.  Miiller)  and  other  Echinoderms, 
and  to  enable  Mr.  Alex.  Patience  to  continue  his  investigations  on  the 
drustacea  of  the  Clyde  sea-area. 

The  Committee  ask  to  be  reappointed,  with  the  addition  of  Professors 
J.  Arthur  Thomson  and  J.  Graham  Kerr. 


The  Micro^hemistry  of  Cells. —  Report  of  the  Cormnitteej  consisting  of 
Professor  E.  A.  SchXfer  {Chairman)^  Professor  A.  B.  Macallum 
(Secretary)y    Professor   E.     Ray   Lankester,    Professor  W.   D. 
Halliburton,  Dr.  G.  C.  Bourne,  and  Professor  J.  J.  Mackenzie. 
(Drawn  up  by  the  Secretary.) 

The  Committee  report  that  the  work  of  detecting  and  localising  calcium 
and  potassium  in  the  vegetable  cell,  which  was  begun  in  1901-2,  was 
continued,  and  that  in  regard  to  potassium  results  of  importance  were 
obtained  which  may  have  a  bearing  also  on  the  interpretation  of  the  role 
of  sodium,  magnesium,  and  calcium  in  the  living  cell,  both  animal  and 
vegetable. 

The  Localisation  of  Potassium  in  tJt^  living  Cell, — It  was  found  possible 
to  precipitate  potassium  as  the  hexanitrite  of  potassium  and  cobalt,  which 
occurs  in  minute  octahedral  crystals  if  the  potassium  salt  ia  present  in  con- 
siderable quantities  in  the  living  protoplasm,  but  in  a  diffuse  form  if  it  obtain 
only  in  traces.  The  reagent  used  to  effect  this  is  the  hexanitrite  of  cobalt 
and  sodium,  Na3CO(N02)6,  and  when  dissolved  in  a  diluted  solution  of 

*  A  History  of  Cruttaoeaf  Int.  Sci.  Series,  vol.  74,  p.  409. 
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acetic  acid  it  gives  an  instantaneous  precipitate  of  the  hexanitrite  of  cobalt 
and  potassium,  K3CO(NOa)6,  carrying  down  with  it  a  certain  quantity  of 
the  precipitant,  Na3CO(N02)G*  Bo  completely  is  the  potassium  removed 
from  solution  that  the  reagent  is  found  to  be  of  service  ^  as  a  means  of 
separating  the  element  from  the  other  alkalies  and  the  alkaline  earths  in 
the  quantitative  estimation  of  potassium.  The  precipitate  is  but  very 
slightly  soluble  in  water,  which  may  therefore  be  used  to  remove  the 
excess  of  the  precipitant,  after  which  the  precipitate  may  be  washed  with 
a  solution  of  sodium  nitrite  to  which  acetic  acid  has  been  added,  or  with 
a  solution  of  sodium  acetate.  In  either  of  these  solutions  the  precipitate 
is  practically  insoluble,  and  is  thereby  freed  from  traces  of  the  corre- 
sponding ammonium  compound,  CO(NH3)3(N02)6,  which  is  much  more 
soluble  than  the  potassium  compound. 

This  reaction  does  not  precipitate  the  amido  acids,  glycin,  leucin,  taurin 
tyrosin,  sarcosin,  aspartic  acid,  or  glutamic  acid,  nor  does  it  precipitate  urea^ 
carbamic  acid,  asparagin.  These  therefore  do  not  complicate  the  reaction, 
and  the  only  compounds  in  living  protoplasm  which,  in  addition  to  those 
of  potassium  and  ammonia,  precipitate  with  the  reagent  are  creatin  and 
oxalic  acid.  The  former  separates  out  from  solution  only  slowly,  and  not 
at  all  if  solution  is  very  dilute.  As  it  does  not  occur  in  the  vegetable 
cell,  and  is  unknown  in  the  tissues  of  invertebrates,  it  cannot  confuse  the 
determination  of  the  presence  of  potassium.  The  distribution  of  oxalic 
acid  and  its  salts  is  so  limited  that  they  ccmnot  interfere  with  the  success 
of  the  reagent  in  localising  potassium  in  the  cell. 

The  hexanitrite  of  cobalt  and  potassium  is  brownish  yellow,  and, 
therefore,  except  when  it  is  abundant,  not  readily  recognisable  directly. 
It  is  brought  into  view  by  treating  the  preparation  with  ammonium 
sulphide,  which  reveals  the  presence  of  the  potassium  through  the  black 
sulphide  of  cobalt,  CoS.  If  at  the  same  time  it  is  mounted  on  the  slide 
in  dilute  glycerine,  to  which  a  trace  of  ammonium  sulphide  is  added,  it 
will  keep  unimpaired  for  a  few  weeks. 

Some  of  the  results  of  the  investigation  with  this  reagent  are  espe- 
cially interesting  in  that  they  directly  negative  the  generally  accepted  views 
as  to  the  distribution  of  ihe  salts  of  the  alkalies  in  the  ceU. 

1.  As  a  rule  the  nucleus  is  free  from  potassium,  even  when  the  cyto- 
plasm contains  it  in  abundance  (the  intestinal  epithelium  of  insecta  and 
Crustacea,  the  erythrocytes  of  amphibia).  In  algce  the  nucleus  of  the 
healthy  cell  never  contains  potassium,  and  even  in  karyokinesis  the  chro- 
matic iilaments  are  free  from  it,  however  abundant  it  may  be  in  the 
cytoplasm.  In  such  non-nucleated  forms  as  the  cyanophyceaB  the  *  central 
body,'  which  is  regarded  by  cytologists  generally  as  the  homologue  of  the 
nucleus  of  higher  forms,  is  also  absolutely  free  from  potassium,  although  it 
may  occur  in  abundance  in  the  peripheral  zone,  and  pai*ticularly  in  the 
so-called  '  red  granules '  of  Biitschli. 

2.  The  salts  of  potassium  when  abundant  in  the  cytoplasm  are  not 
uniformly  difliised  through  the  latter.  In  the  vegetable  cell  as  a  rule 
only  a  minute  quantity  is  so  diffused,  while  the  rest  is  localised  apparently 
as  precipitates  in  portions  of  the  protoplasm  which  serve  as  inert  structures, 
and  these  are  situated  adjacent  to  the  cell  membrane  (algse).  In  this 
respect  the  salts  of  potassium  are  disposed  of  like  those  of  iron  when  the 

'  Van  Leent,  Zeit.  fSr  anal.  Chemie,  vol.  xL  1901,  p.  567;  also  Autenrieth  and 
Bcrabeim,  Zeit.  fur  phygiol.  Chemie,  vol.  zzzvii.  1902,  p.  29. 
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latter  is  abundant  in  a  cell.  The  quantity  of  potassium  required  by 
protoplasm  is  very  small,  as  shown  by  the  feebleness  of  the  reaction 
obtained  in  the  growing  points  of  vegetable  organisms.  In  old  as  com- 
pared with  young  cells  the  quantity  is  great,  but  the  excess  is  stored  away 
in  the  inert  form,  and  is  apparently  due  to  the  protoplasm  precipitating  it 
from  the  water  constantly  diffusing  into  the  cell.  This  may  explain  the 
high  proportion  of  potassium  found  in  the  cells  of  vegetable  forms,  and  it 
seems  to  indicate  that  more  is  present  than  is  required.  Farther,  the 
varying  amounts  in  different  vegetable  forms  may  be  accounted  for  as 
caused  by  variation  in  the  flow  of  the  sap,  in  the  transpiration  currents, 
and  perhaps  also  in  the  dissolving  powers  of  the  secretions  of  the  root- 
hairs. 

When  the  potassium  salt  is  stored  away  in  the  inert  form  it  is,  unlike 
the  inorganic  iron,  still  subject  to  solution  and  redistribution  by  the  proto- 
plasm, as  is  illustrated  in  the  case  of  the  spores  of  equisetum,  the  potas- 
sium of  which  is  in  by  far  the  greater  part  transferred  on  division  to  that 
daughter  cell  which  gives  origin  to  the  primary  rhizoid.  A  similar  control 
over  the  precipitated  pota^ium  is  found  in  the  formation  of  the  zygospores 
of  spirogyra. 

3.  In  the  cytoplasm  of  the  animal  cell  the  potassium  as  a  rule  is  much 
less  abundant,  and  when  this  element  predominates  in  the  medium  from 
which  protophyta  derive  their  abundance  of  potassium  the  accompanying 
animal  forms  contain  only  traces  of  it  (vorticella),  and  then  chiefly  in  the 
form  of  small  localised  precipitates.  The  unicellular  animal  organism 
appears  to  be  capable  of  rejecting  the  potassium  even  when  it  comes  in  the 
food  masses.  On  the  other  hand  the  cytoplasm  of  the  epithelial  cells  in 
the  intestine  and  the  excretory  organs  of  vertebrates  and  invertebrates  is 
deeply  impregnated  with  potassium  salts  which  appear  to  be  in  the  process 
of  excretion. 

4  In  striated  muscle  fibre  the  potassium  is  limited  wholly  to  the 
doubly  refractive  material  in  the  dim  band  (frog).  This  is  significant 
seeing  that  the  potassium  greatly  exceeds  the  sodium  in  voluntary  muscle 
fibre,  the  proportion  in  frog's  muscle  being  557  :  100.  The  element  is 
found  also  in  the  doubly  refractive  material  of  the  fibres  in  the  wing 
muscles  of  insects  and  in  the  muscles  of  the  lobster.  Here  there  can  be 
no  reason  for  doubting  the  nature  of  the  reaction,  since  creatin  does  not 
occur  in  the  tissues  of  invertebrates. 

It  is  proposed  to  continue  the  investigation  of  the  distribution  of 
potassium  in  the  cell,  and  to  make  an  extensive  examination  for  this 
purpose  of  a  large  number  of  animal  and  vegetable  forms. 

TerresMal  Surfiice  Waves, — Report  of  the  Committee,  consisting  of 
Dr.  J.  Scott  Keltie  {Chairman),  Dr.  Vaughan  Cornish  {SecTe- 
tary),  Colonel  F.  Bailey,  Mr.  E.  A,  Floyer,  Professor  J.  Milne, 
and  Mr.  W.  H.  Wheeler.    (Drawn  up  by  Dr.  Vaughan  Cornish.) 

[Plate  X.] 
Variability  of  the  Severn  Bore. 

This  phenomenon  is  subject  to  apparently  capricious  variations  in  addi- 
tion to  that  which  depends  upon  the  varying  amplitude  of  the  tide. 
Visiting  Newnham-on-Sevem  on  the  occasion  of  one  of  the  highest  tides 
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of  an  fatly  autumn  I  found  that  there  was  practically  no  bore,  although 
in  springtime  I  bad  seen  a  good  one  i^ith  a  smaller  tide.  The  fishermen 
opined  that  the  sands  between  Awre  and  Frampton,  a  few  miles  down 
the  river,  had  shifted  in  some  way,  which  would  be  found  to  account  for 
the  failure  of  the  bore  at  Newnham.  Accordingly  at  the  next  succeeding 
tide  I  took  up  a  post  of  observation  at  Hock  Crib,  where  I  could  com- 
mand a  view  over  the  extensive  sands  in  the  broad  straight  stretch 
towards  Severn  Bridge,  which  constitutes  the  commencement  of  the 
proper  estuary,  as  well  as  of  the  last  bend  of  the  winding  channel  of  the 
river  proper  looking  towards  Newnham.  The  main  stream  of  the  river 
had  established  itself  in  a  channel  somewhat  near  the  right  bank,  and  up 
this  the  '  first  of  the  flood '  came  with  a  good  *  head '  to  it,  the  bore 
appearing  as  a  crested  breaking  wave  stretching  quite  across  the  low- 
tide  channel.  It  thus  continued  until  it  reached  a  point  close  to  Hock 
Cliff,  at  the  head  of  another  channel  which  skirts  the  concave  left  bank, 
passing  Frampton.  From  the  position  now  reached  by  the  incoming 
flood,  water  now  poured  bctck  into  this  channel,  the  further  advance  of 
the  tide  up  stream  beinfi:  stopped.  Presently  the  back -flowing  stream 
met  another  coming  up  the  Frampton  Channel,  and  the  turbulent  waters 
then  began  to  spread  over  the  large  expanse  of  sand  intervening  between 
the  two  channels.  Not  until  these  were  nearly  covered  did  any  percep- 
tible rise  of  tide  make  its  way  up  the  river  channel  towards  Newnham. 
The  total  rise  of  tide  is  unaflected  by  this  course  of  events,  but  the  *  head ' 
which  the  flood  had  gathered  is  lost  and  the  bore  is  spoilt.  It  was 
pointed  out  in  a  paper  on  sand  waves  in  tidal  estuaries  that  the  flood 
tide  tends  to  follow  the  chords  of  the  arcs  made  by  the  sinuosities  of  an 
«bbing  current.  According  to  the  information  collected  by  the  late 
Mr.  Frank  Buckland,  the  Severn  in  a  wet  season  tends  to  collect  in  the 
Frampton  Channel,  and  in  a  dry  season  in  the  Awre  Channel. 

In  the  estuaries  of  the  Mawddacb,  Dovey,  <bc.,  dealt  with  in  *  Geogr. 
Joum.'  August  1901,  the  last  of  the  ebb  and  the  first  of  the  flood  respec- 
tively had  settled  into  separate  channels  and  there  was  no  bore,  but  a 
circulation  of  the  tidal  waters. 

That  the  continued  action  of  the  flood  tide  upon  the  sands  minimises 
the  bore  which  it  at  first  produces  is  further  shown  by  the  observation 
of  Mr.  D.  J.  Wintle,  of  Newnham-on- Severn,  who  reports  that  *the 
best  heads  are  two  tides  previous  to  the  highest  tide  of  the  moon — say 
for  four  tides  before  the  highest  of  the  moon.  The  very  next  tide  after 
the  highest  tide  may  run  within  a  few  inches  of  the  same  flood-mark,  but 
will  have  a  comparatively  poor  head  and  lack  crispness.' 

On  the  Size  of  Waves  as  related  to  the  Bate  of  Advance  of  a  Cyclone, 

The  greatest  waves  will  be  developed  in  that  part  of  the  cyclone  in 
which  the  direction  of  the  wind  coincides  with  the  direction  of  advance 
of  the  cyclone,  and  I  wish  to  call  attention  to  the  fact  that,  along  this 
line  of  action,  of  all  the  waves  which  the  velocity  of  the  wind  is  capable 
of  increasing,  that  length  will  enjoy  superior  opportunities  for  growth 
tchose  group  vdociiy  is  equal  to  the  rcUe  of  advance  of  the  cyclone^  the 
storm  either  outrunning  or  lagging  behind  the  transmission  of  energy  in 
waves  of  any  other  length.  The  velocity  of  the  group  in  deep  water  is 
half  the  velocity  of  the  individual  waves. 

It  wag  pointed  out  in  the  last  report  that  the  period  of  the  lonsest 
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recorded  swells  corresponds  to  a  wave  velocity  about  equal  to  that  of  the 
greatest  recorded  hourly  velocity  of  wind  (the  velocity  of  the  dominant 
wave  in  storms  being  much  lower). 

It  may  be  added  that  no  records  of  swells  have  been  met  with  having 
periods  approaching  those  appropriate  to  a  deep-sea  velocity  equal  to  that 
attained  during  the  gusts  of  a  storm. 

Mathematical  investigations  have  pointed  to  the  tendency  of  wind 
finally  to  produce  steep  waves  of  velocity  equal,  or  almost  equal,  to  that 
of  the  wind.  When,  however,  we  come  to  compare  the  observed  velocities 
of  wind,  the  observed  dimensions  of  cyclonic  storms,  and  the  lengths  of 
waves  of  velocity  equal,  or  nearly  equal,  to  that  of  the  strongest  winds, 
we  find  that  we  rapidly  approach  a  condition  of  things  when  the  stretch 
of  water  subject  at  any  one  time  to  such  wind  is  only  a  small  multiple 
of  the  wave  length  ]  a  condition  in  which  steep  waves  could  not  be 
maintained. 

On  Regular  UndtUationa  produced  in  a  Hood  by  the  Use  of  Sledges. 

An  investigation  on  this  subject  was  completed  after  last  year's  report 
had  been  sent  in,  but  was  made  the  subject  of  a  paper  to  Section  6 
(Belfast  meeting).  These  undulations  have  been  observed  both  in  snow 
and  in  ordinary  road  material.  Those  in  snow  are  a  familiar  feature  in 
Cahada  and  are  termed  cahots.  An  illustration  is  here  given  of  *'  cahots  * 
in  ordinary  road  material  as  observed  upon  the  road  to  a  slate  quarry  at 
Coniston,  Lanes.  (Plate  X.). 

The  chief  result  of  the  investigation  may  be  summarised  thus  :  when 
the  detritus  consolidates  readily  under  pressure,  undulations  arise  spon- 
taneously by  the  action  of  a  steadily  moving  sledge  when  furrowing  a 
homogeneous  road.  The  wedge  of  detritus  travelling  in  front  of  the  prow 
of  the  sledge  becomes  compacted,  the  sledge  surmounts  it  (rolling  IDse  a 
wheel),  and  the  detritus  remains  behind  as  an  excrescence  incorporated 
with  the  road.  At  the  same  time  the  sledge  pitches,  furrowing  the  road 
more  deeply  and  accumulating  detritus  in  front,  which  it  finally  surmounts 
with  the  rolling  movement  which  assists  to  compress  and  bind  the  material^ 
building  up  the  next  crest. 

Wave  Phenomena  of  the  Niagara, 

I  have  visited  Niagara  Falls,  N.Y.,  with  a  view  to  reporting  upon 
some  of  the  characters  of  tlie  toaves  of  rivers  which  I  judged  would  be 
seen  in  full  development  in  the  Rapids  below  the  Falls.  Three  weeks' 
work  showed  that  the  choice  of  locality  for  this  study  was  a  good  one, 
and  afforded  opportunity  also  for  the  study  of  phenomena  of  a  kindred 
character  in  the  falls  themselves  and  in  the  whirlpool.  Indeed,  it  is  to 
the  periodic  and  pulsative  movements  that  much  of  the  distinctive 
character  and  interest  of  the  Falls  and  Rapids  are  due. 

There  has  not  yet  been  sufficient  time  to  work  up  the  results  of  these 
observations  for  publication. 

As  an  indication  of  the  character  of  the  phenomena  observed  at 
Niagara  it  may,  however,  be  stated  that  in  the  tremendous  current  of  the 
Whirlpool  Rapids  (depth  about  50  feet)  there  is,  in  addition  to  the  usual 
stationary  waves  of  rivers,  a  remarkable  development  of  visible  travelling 
waves,  giving  rise'tomany  complex  and  beautiful  results  and  contributing 
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to  the  formation  of  the  enormous  leaping  waves  which  are  one  of  the 
most  awful  exhibitions  of  the  conflict  of  waters  which  the  world  affords. 
What  is  here  termed  the  '  leaping  wave '  is  a  variety  of  wave  almost  as 
distinctive  as  the  *  breaker '  or  *  the  swell.' 


WomerCs  Labour. — Third  wnd  Final  Report  of  the  Committee,  con- 
sisting of  Mr.  E.  W.  Brabrook  {Chairman),  Mr.  A.  L.  Bowley 
{Secretai*y\  Miss  A.  M.  Anderson,  Miss  Blackburn,  Mr.  C. 
Booth,  Professor  S.  J.  Chapman,  Miss  C.  E.  Collet,  Professor 
F.  Y.  Edgeworth,  Mrs.  J.  R.  MacDonald,  Mr.  L.  L.  Price, 
Professor  W.  Smart,  Dr.  G.  Adam  Smith,  and  Mrs.  H.  J. 
Tennant,  appointed  to  investigate  the  Economic  Effect  of  Legislation 
regulating  Women*s  Labour.     (Drawn  up  by  tlie  Secretary!) 
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The  Committee  have  associated  with  them  in  their  work  Miss  Heather- 
Bigg  and  Mrs.  Bosanquet.  They  desire  to  express  their  deep  regret  at 
the  death  of  Miss  Helen  Blackburn,  who  was  a  regular  and  valued 
attendant  at  their  meetings. 

Miss  Collet  wishes  it  to  be  understood  that  she  is  unable  from  her 
official  position  to  express  any  opinions  on  the  subject  under  investiga- 
tion. Her  examination  and  criticism  of  the  evidence  submitted  has, 
however,  been  of  the  greatest  value  to  the  Committee. 

Dr.  C.  Booth,  Professor  W.  Smart,  and  Dr.  G.  Adam  Smith  have 
been  unable  to  attend  the  meetings  of  the  Committee  at  which  this 
report  was  prepared  and  their  conclusions  on  the  matters  in  question  have 
not  been  communicated  to  the  Committee. 

The  Committee  have  obtained  further  information  from  investigators, 
the  essential  parts  of  which  are  included  in  their  report  or  its  appendices. 
They  consider  that,  though  it  has  not  been  practicable  to  cover  tne  whole 
field  of  their  inquiry,  they  have  practically  exhausted  the  means  of 
investigation  open  to  them  and  have  obtained  sufficient  information,  on 
the  more  important  points  on  which  evidence  is  procurable,  to  justify 
them  in  arriving  at  certain  conclusions  and  closing  their  work. 
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The  following  reports  have  been  received  by  the  Committee,  including 
those  summarised  last  year  : — 


Trade  or  District. 
•  Cotton  io  Lancashire '     . 
'  West  Riding  of  Yorkshire 
'  Certain  Industries  in  BirTningham 
'  Boots  and  Shoes  in  and  near  Bristol 
'  Leicester^  Northampton,  and  neigh 

bourhood      .... 
'  Certain  Industries  in  Canning  Tovcn 
and  Isle  of  Dogs  . 

Nottirigham      .... 

Sh^pield 

Kidderminster .        ,        ,        , 

Coventry 

Derby 

Tinplate  Manufacture 

The  Potteries  .... 

Paper-making  near  London    . 

^ome  South  London  Industries 

Liverpool  .... 


Printing  and  Bookbinding 

Glasgow  and  South  of  Scotland 
Tailoring  in  London 

London  Industries  and  West  London 

Law%dHes 

Laundries  {Appendix  II,) 


Investigator, 
Professor  S.  J.  Chapman. 
Mr.  A.  L.  Bowley. 
Miss  B.  L.  Hutchins. 
Mr.  G.  H.  Wood. 

Mr.  R.  Halstead. 

Miss  Hadley. 

A  special  local  Committee. 

Mr.  G.  I.  Lloyd. 

Mr.  G.  H.  Wood. 


Miss  Thomewill. 

Miss  B.  L.  Hutchins. 
i» 

Miss    A.    Harrison  (Mrs.  F.    H. 
Spencer). 

Com mittee  organised  by  Women*s 
Industrial  Council,  London.' 

Miss  Irwin. 

Committee  of  the  Women's  In- 
dustrial Council,  London. 

Mrs.  Bosanquet. 
Miss  A.  M.  Anderson. 


The  Committee  have  also  received  memoranda  on  the  Statistics  of 
Dangerous  Trades  from  Mr.  Wood,  and  on  general  statistics  of  Women's 
Employment  from  Miss  Collet. 

Extensive  use  hsis  been  made  of  the  reports  of  the  Chief  Inspector  of 
Factories,  which  have  been  issued  at  half-yearly  or  yearly  intervals  since 
1834.4 

In  all  cases  the  investigators  were  supplied  with  directions  respecting 
the  exact  questions  on  which  the  Committee  desired  information,  and 
their  work  has  been  subjected  to  all  practicable  tests  before  being  used  as 
evidence  on  which  the  Committee  could  come  to  a  decision  ;  but>  as 
stated  last  year,  it  must  be  understood  that  the  Committee  do  not  neces- 
sarily assent  to  the  opinions  given  under  the  names  of  their  contributors. 

It  will  be  seen  that  reports  have  been  received  with  regard  to  most  of 
the  important  industries,  and  most  of  the  important  towns  and  districts  in 
England  and  Wales,  in  which  large  numbers  of  women,  affected  by  the 
Factory  Acts,  are  employed  ;  but  it  has  not  been  found  practicable  to 
institute  inquiries  in  Norwich,  Aberdeen,  Dundee,  or  Belfast,  or  to 
investigate  industries  in  which  there  is  much  home-work,  or  in  which 
much  work  is  given  out  from  the  larger  factories  or  workshops  to  be  done 
elsewhere  (principally  the  ready-made  clothing,  tailoring,  and  other 
wearing-apparel  industries)  with  the  thoroughness  which  the  Committee 

>  Already  published  in  the  Belfast  Report,  pp.  287-306. 

•  These  reports  are  referred  to  in  the  sequel  by  the  italicised  words. 

•  The  notes  kindly  communicated  by  this  Committee  were  prepared  for  their 
book,  Women  im,  the  Ptinting  Trades,  about  to  be  issued. 

•  Reference  to  these  is  made  thus :  Factory  Inspectof's  Report ,  1894,  the  date 
given  being  that  to  which  the  report  relates 
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would  have  desired.  On  the  other  hand,  much  information  as  to  these 
towns  and  industries  has  been  found  in  the  reports  of  the  Chief  Factory 
Inspectors.  The  difficulty  of  investigation  in  industries  of  this  class  lies, 
in  a  great  part,  in  the  general  ignorance  of  the  facts  by  the  only  persons 
who  are  in  a  position  to  know  them. 

The  Committee  have  interpreted  the  subject  referred  to  them  as 
applying  only  to  that  part  of  legislation  which  discriminates  between 
men  and  women  ;  they  do  not,  therefore^  report  on  the  effect  of  lawa 
i*elating  to  the  prevention  of  accidents,  to  sanitation,  and  to  special  regu- 
lations for  dangerous  trades,  except  in  the  few  cases  where  they  affect 
women  differently  from  men,  or  where  women  are  a  great  majority  of  the 
persons  affected.  The  main  regulations  with  which  the  Committee  are 
concerned  are  therefore  those  which  define  the  hours  of  employment.  In 
this  final  Report  they  confine  themselves  to  Great  Britain.^ 

These  regulations  are  of  great  complexity,  and  have  frequently  been 
extended  and  amended.  The  greater  part  of  those  now  in  force  is  contained 
in  the  Factory  and  Workshop  Act  of  1901.  Their  history,  change,  and 
development  can  be  most  easily  studied  in  *  The  Factory  System  and  the 
Factory  Acts,'  by  R.  W.  Cooke  Taylor,  1894;  *The  Factory  Acts,' by 
A.  Redgrave,  1895  ;  *  The  Law  relating  to  Factories  and  Workshops,' 
by  M.  Abraham  and  A.  LI.  Da  vies,  1896  ;  *  The  Law  of  Factories  and 
Workshops,' by  A.  H.  Ruegg  and  L.  Mossop,  1901,  and  *A  History  of 
Factory  Legislation,'  by  B.  L.  Hutchins  and  A.  Harrison,  1903,  which 
last  contains  a  nearly  complete  bibliography  on  the  subject,  as  far  as 
Great  Britain  is  concerned. 

It  will  be  convenient,  however,  to  give  a  very  condensed  summary  of 
the  principal  regulations. 

In  textile  factories  the  hours  of  women  were  limited  in  1850  to  a 
period  of  12  hours  less  1^  hour  for  meal-times  on  the  first  5  working  days, 
and  to  7^  hours  on  Saturday,  amounting  to  60  hours  per  week.  In 
1874,  ^  hour  was  cut  off  each  of  the  5  days  and  1  hour  off  Saturday, 
making  the  total  hours  per  week  56^  ;  on  January  1,  1902,  another  hour 
was  cut  off  Saturday,  making  the  total  hours  55^. 

Regulations  of  women's  hours,  resulting  by  1878  in  a  uniform  60 
hours'  week  as  legal  maximum  (viz.  not  more  than  10^  hours  on  5  days, 
to  be  taken  in  the  12  hours  beginning  either  at  6  or  7  or  8  a.m.,  and 
7i  hours  on  the  sixth  day),  were  extended  in  1864, 1867,  1870,  and  1878 
successively,  to  all  nori-teostile  factories  in  which  mechanical  power  is  used, 
and  workshops  where  manual  labour  is  employed  in  making,  repairing,  or 
altering  any  article  for  sale.  In  addition  to  these  hours,  overtime  is 
allowed  under  certain  restrictions  in  certain  industries  (notably  book- 
binding and  the  making  of  wearing  apparel),  where  there  is  a  seasonal  or 
sudden  occasional  pressure,  or  where  the  materials  are  liable  to  spoils 
e.g,,  fruit-preserving  and  fish-curing;  before  1895  overtime  might  be 
worked  for  forty-eight  evenings  in  the  year,  2  hours  an  evening  less  ^  hour 
for  meals,  not  more  than  five  evenings  being  in  any  one  week  ;  in  1895  the 
number  of  evenings  permissible  was  reduced  to  thirty,  not  more  than  three 
in  one  week. 

As  each  industry  came  under  the  Act,  night  work  by  women  in  it 
was  prohibited,  except  in  the  case  of  laundries.' 

*  In  their  second  Report  (Belfast,  1902)  summaries  of  similar  l^:i0lation  in 
several  European  countries  were  given. 

*  See  the  last  part  of  Appendix  I.  below.  ,     r^  ^  ^i  ^ 
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There  are  many  modifications  to  suit  special  circumstances,  and  some 
important  exemptions. 

For  the  purpose  of  tabulating  the  information  gathered,  it  is  con- 
venient to  consider  the  effect  of  these  laws.  I.  On  the  hours  worked  by 
women  ;  (a)  the  total  weekly  number ;  (b)  the  distribution  through  the 
day,  week,  and  year.  II.  On  the  hours  worked  by  other  persons.  IIL  On 
factories  or  workshops  of  different  sizes,  and  on  the  prevalence  of  out- 
work. IV.  On  the  employment  of  women  in  particular  processes,  and  on 
the  general  demand  for  their  labour,  and  on  the  re-arrangement  of  pro- 
duction by  employment  of  other  classes  of  labour,  or  the  introduction  of 
machinery.  V.  The  effect  on  women's  rates  of  wages  and  total  earnings. 
VI.  On  the  eflSciency  of  women  as  industrial  agents.  VII.  On  the 
eflSciency  of  productive  processes  in  general.  These  subjects  are  dealt 
with  in  the  following  sections  : — ^ 

Section  I. — Effect  on  the  Hours  worked  by  Women. 
(a)  The  Total  Weekly  Number. 

In  the  great  majority  of  cases  the  hours  in  textile  trades  were  reduced 
from  60  to  56|  in  1874-75,  in  consequence  of  the  Act  (Lanes.,  Yorks., 
Kidderminster)  ;  in  some  cases  the  hours  were  only  59  before  1874 
(Yorks.).  Though  in  many  cases  the  hours  were  reduced  to  55^  hours  or 
less  before  1902,  yet  in  the  majority  the  work  on  Saturday  was  curtailed 
in  consequence  of  the  Act  of  1901.  The  hours  are  increased  illegally  in 
many  places  in  Lancashire,  and  some  in  Yorkshire,  by  *  cribbing  time,' 
that  is,  working  a  few  minutes  before  and  after  the  legal  hours  ;  an 
hour  or  more  a  week  can  easily  be  added  in  this  way.^ 

In  non-textile  trades  in  general  the  Acts  have  had  comparatively  little 
to  do  directly  with  fixing  the  normal  week's  work.  In  many  industries 
the  hours  were  under  60  before  they  were  regulated  by  the  Acts.^ 

In  more  recent  years  the  hours  in  industries  r^fulated  by  the  Acts 
have  often  been  well  under  the  legal  maximum  ;  while  in  men's  industries 
influenced  by  trades  unions  the  hours  are  very  rarely  so  many  as  60. 
Examples  of  regulated  industries  where  the  normal  weekly  hours  are 
below  the  legal  maximum  are  the  trades  of  Sheffield,  Nottingham, 
Coventry,  Derby,  the  boot  and  shoe  trades  of  Bristol  and  Leeds,  the 
wholesale  clothing  trade  of  Leeds,  most  of  the  Liverpool  trades,  and  the 
list  might  easily  be  extended.  There  are  other  cases  where  the  hours 
used  to  exceed  60  per  week,  and  are  still  in  times  of  ordinary  full  work 
up  to  the  maximum.  Thus,  match-making  in  Liverpool  used  to  extend 
over  very  long  hours,  but  now  a  firm  reports  that  they  work  10  hours  a 
day,  and  do  not  take  10^,  only  because  it  would  not  be  worth  while  to 
have  the  necessary  additional  meal-time.^  The  hours  in  rope-walks  in 
Liverpool  were  long  and  irregular  before  the  1867  Act.  In  the  London 
tailoring  workshops  the  hours  are  up  to  the  limit,  though  below  it  in  the 
larger  factories.     In  some  of  the  industries  dealt  with  below,  where  over- 

*  Reference  to  investigators*  reports  are  italicised,  thus :  Lancashire. 

«  Yorkshire;  Factory  Inspector's  Report,  1897,  p.  106;  1899,  p.  20;  1900,  p.  311  ; 
1902.  p.  119. 

»  Factory  and  Workshop  Commission,  1876 ;  Factory  Itispector^s  Report,  October, 
1869,  p.  37 ;  and  October,  1879,  p.  20. 

«  A  woman  most  not  be  employed  continnonsly  more  than  5  honrs  withoat  an 
interval  of  at  least  ^  hour. 
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time  is  allowed  or  desired,  the  full  legal  hours  are  often  worked  in  busy 
seasons,  thou^  in  recurring  times  of  slackness  they  are  not  reached.  As 
the  administration  of  the  Acts  has  become  effective  in  the  smaller  work- 
shops of  the  large  towns,  the  hours  have  frequently  been  brought  down  to 
reasonable  limits,  e.g.  in  London,  Glasgow,  and  Birmingham. 

It  is  not  to  be  assumed,  however,  that  the  existence  of  the  regulations 
has  no  influence  in  such  cases.  It  is  practically  certain  that  the  textile 
factories  would  often  exceed  the  limit  if  it  were  allowed  ( Yiyrks,)  ;  e.g.  the 
Derby  elastic  web  industry  feels  the  prohibition  of  overtime.  In  non- 
textile  factories  and  workshops,  especially  in  the  clothing  trades,  and 
printers'  folding,  the  interval  between  the  customary  weekly  period  and 
the  legal  maximum  is  often  filled  in  (and  spoken  of  commonly  as  '  over- 
time ')  ;  frequent  demands  are  made  on  the  additional  hours  allowed  thirty 
times  (formerly  forty-eight)  annually  by  the  Legislature,  while  even  this 
limit  is  not  infrequently  passed  by  firms  who  hope  to  escape  detection. 

In  the  industries  connected  with  printinflM(especially  folding)  through- 
out the  kingdom,  in  many  cases  as  much  overtime  is  worked  as  is  possible, 
and  employers  find  it  difficult  to  meet  periodical  pressure  connected  with 
the  despatch  of  magazines  «!bc.  with  the  amount  aUowed.  Ready-made 
clothing  factories  {e.g.  in  Leeds)  use  a  great  part  of  the  extra  evenings 
allowed  them,  and  these  and  smaller  firms  in  Leeds,  Glasgow,  Liverpool, 
and  London  give  out  work  (sometimes  illegally)  when  they  are  pressed  ; 
but,  in  the  main,  the  thirty  occasions  are  found  sufficient.  In  South 
London  a  biscuit  firm  finds  the  want  of  elasticity  troublesome ;  and  so 
does  a  Bristol  sweets  manufacturer.  In  Nottingham  '  in  the  lace,  hosiery, 
and  embroidery  trades,  many  employers  desire  a  measure  of  liberty  in  the 
use  of  overtime  to  meet  exceptional  periods  of  stress  to  which  the  lace 
trade  is  specially  liable.  .  .  .  According  to  testimony  of  workers  in  both 
lace  and  hosiery  trades,  the  Acta  are  very  often  ignored  when  incon- 
venient. Many  employers  agree  with  this  statement'  {Nottingham). 
The  manager  of  a  large  watch-factory  near  Liverpool,  stated  in  1902  that 
his  firm  was  greatly  inconvenienced  by  having  to  keep  within  the  legal 
hours  in  December,  when  special  pressure  occurs.  In  many  other  isolated 
cases  some  firms  in  an  industry  complain  of  want  of  overtime,  while  others 
have  arranged  (see  below)  to  do  without  it. 

The  abolition  of  night-work  for  women  has  been  effective  in  the 
Welsh  tinplate  manufacture,  in  paper-making,  and  to  a  great  extent  in 
printers'  folding  ;  but  cases  are  recorded  ^  of  folding  being  done,  legally, 
by  women  in  separate  premises  at  night.  A  great  diminution  of  night- 
work  in  laundries  has  occurred  as  an  indirect  consequence  of  the  Act  of 
1895  {App.  II.). 

(b)  The  Distribution  of  Work  through  the  Dag,  Week,  or  Year. 

A  very  important,  perhaps  from  the  economic  point  of  view  the  most 
important,  effect  of  legislation  has  been  to  spread  the  period  of  work 
more  uniformly  through  the  week,  month,  and  year  than  had  been  the 
case  before  regulation.  It  would  hardly  be  an  exaggeration  to  say  that 
there  is  no  trade  or  district  to  which  these  laws  apply  where  this  process 
has  not  taken  place. 

It  is  convenient  at  this  point  to  analyse  the  possible  effects  of  the 
diminution  of  overtime  in  regulated  factories  and  workshops. 

"  B.g.,  Factory  Intpector's  Report^  1902,  p.  149. 
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1.  The  same  amount  of  time  may  be  wqrked  outside  the  factory. 

2.  The  number  of  employees  or  quantity  of  machinery  working  ordinary 
time  may  be  increased  either  occasionally  or  permanently. 

3.  Employees  not  affected  by  the  regulations  may  work  overtime  at 
work  usually  done  by  protected  persons. 

4.  The  order  may  be  given  to  other  firms  or  workers  (n)  at  home,  less 
busy  ;  (P)  at  home,  less  regulated  ;  or  (y)  abroad. 

5.  Work  may  be  equalised  through  the  week,  month,  or  year  (a)  by 
the  employees  giving  up  the  habit  of  holiday-making  at  the  beginning  of 
the  week,  (/3)  by  pressure  being  put  on  customers  to  place  orders  earUer, 
(y)  by  working  to  stock,  (8)  by  careful  management. 

6.  Machinery  may  be  invented  to  do  the  work. 

7.  The  same  employees  may  produce  the  same  output  in  the  shorter 
time. 

8.  The  work  may  be  left  undone. 

A  great  part  of  the  above  analysis  applies  to  diminution  of  nomud 
time,  but  this  has  less  important  effects  in  this  connection  than  overtime^ 
and  is  dealt  with  under  other  headings. 

We  have  among  our  information  instances  of  every  case  except  8  ; 
bu  b  evidence  for  4  (a)  and  ( v)  is  unreliable. 

3  and  6  will  be  dealt  with  below  in  Section  IV.,  and  7  in  Section  V. 

1.  In  some  cases  work  is  given  to  out- workers  not  employed  in  the 
workshop  (Loudon  Printing,  in  Factory  Commissioriy  1876)  ;  some  folding 
was  done  thus  in  1899  {Printiixg  and  Bookbitiding)  ;  out-work  increased 
in  the  Stockport  clothing  trade  by  the  1895  reduction.^  In  other  cases 
work  is  given  to  employees  to  take  home  nominally  to  their  relations 
{London^  ready-made  clothing),^  to  employees  to  do  themselves  after 
hours  (illegally)  {Sheffield^  electroplate ;  ready-made  clothing  in  various 
places). 

2.  Extra  workers  (frequently  married  women  formerly  employed)  may 
be  called  in. 

This  is  frequent  in  printing  and  kindred  trades,  in  London  and 
Nottingham  at  any  rate,  where  job-hands  are  caUed  in  on  emergency, 
sometimes  regularly  month  by  month.  To  those  who  have  home  duties 
which  prevent  them  from  taking  continuous  work,  this  occasional  employ- 
ment, practically  called  into  existence  by  the  Acts  {Printing  and  Book- 
binding)^ is  attractive.  The  expense  of  setting  up  extra  machinery  only 
to  be  used  occasionally  is  wasteful,  and  the  additional  rent  for  the  space 
necessitated  for  this  or  for  extra  hands  involved  is  an  important  con- 
sideration in  the  large  towns  where  the  pressure  most  frequently  occurs 
(Liverpool^  confectionery).  It  is  easily  seen  that  an  indirect  effect  of 
limiting  hours  is,  through  the  pressure  of  rent,  to  drive  firms  from 
crowded  into  less  congested  districts. 

If  the  number  permanently  engaged  were  increased,  more  might  be 
brought  into  the  industry  than  can  get  sufficient  employment  (watch- 
making, near  lAverpool ;  Dundee,  bookbinding),^ 

In  some  cases  workers  go  from  trade  to  trade  in  their  successive 
seasons,  in  others  they  work  only  at  the  busy  season  ;  in  the  case  of  fish> 

•  Factory  Tnspectcr't  Report^  189f,  p.  38.  «  Ibitf.,  190J,  p.  145. 

•  Ibid,,  1830.  pp.  39. 
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curing  they  follow  the  fish  round  the  coast;  but  these  cases  are  nob 
connected  with  the  regulations. 

4.  Employers  occasionally  complain  that  work  has  to  be  refused  ( Torks.y 
silk),  but  often  (a)  the  order  can  be  placed  with  other  firms  in  the  same 
distiict.  In  Yorkshire  the  system  of  commission  weaving  enables  the 
various  firms  to  put  out  the  work  they  cannot  cope  with.  (/>)  Tailoring 
and  other  clotMng  is  sometimes  taken  by  small  employers  or  home- 
yorkers,  who  escape  regulation. 

5.  (a)  In  watch-making  and  the  ribbon  trade  at  Coventry,  and  in  the 
Potteries,  the  practice  of  not  beginning  work  on  Monday  and  working  at 
high  pressure  at  the  end  of  the  week  is  diminished  ;  collection  for 
laundries  has,  in  some  cases,  been  re-arranged  ;  but  often  this  should  be 
ascribed  primarily  to  the  invention  of  machinery. 

(0)  The  tendency  to  put  off  giving  orders  to  the  last  moment  is  easily 
checked  when  the  customer  can  be  met  with  a  universal  legal  prohibition. 
In  laundries  the  work  has  been  regularised.^ 

(y)  In  modem  industry,  working  to  stock  is  risky,  and  not  much  im- 
provement can  be  expected  in  this  respect. 

(c)  Several  instances  {Liver])ool,  jute  and  dyeing  ;  South  London^  tin- 
plate  ;  Bristol,  boots)  ^  are  given  where  forethought  and  arrangement 
have  diminished  pressure.  The  restriction  puts  a  premium  on  good 
management. 

In  Sheffield  we  are  told  :  '  There  has  been  a  noticeable  diminution  in 
the  amount  of  overtime  worked  in  busy  seasons  for  which  the  Acts  have 
been  largely  responsible  ;  regularity  of  work  has  also  been  encouraged.' 

It  will  be  seen  that  the  large  group  of  industries  which  have  met  the 
restriction  by  methods  4  (a)  or  (8)  or  5  have  benefited  greatly  without  any 
drawback  ;  that  1  and  i  (/3)  will  be  of  decreasing  importance  as  effective 
regulation  spreads  ;  that  4  (y)  is  hypothetical  and  not  necessarily  injuri- 
ous ;  that  2  may,  according  to  complex  circumstances,  assist  or  hinder 
the  flow  of  labour  into  itfi  most  efficient  channels. 

The  difficulty  which  arises  when  it  is  necessary  to  perform  one  pro- 
cess immediately  after  another  has  been  completed  by  a  different  class 
of  workers  is  being  met  by  allowing  work  to  commence  and  finish  at 
different  times  in  different  parts  of  the  same  factory.^ 

It  is  the  constantly  reiterated  opinion  of  the  individual  factory 
inspectors  ^  that  overtime  is  in  very  many  cases  as  unnecessary  as  it  i& 
injurious.* 

Important  light  is  thrown  on  the  abuses  which  elasticity  of  regulation 
may  allow  by  the  description  of  the  conditions  of  the  jam  manufacture 
given  in  Factory  Inspector's  Eeport,  1898,  pp.  173  seq, 

*  See  in  Factory  Commission,  1876,  evidence  of  Mr.  Bell,  bookbinder  (Q.  2943) ; 
Factory  Inspectors  Beport,  1894,  p.  191 ;  1902,  p.  29  ;  and  1892,  p.  89,  for  an  instance 
at  an  earlier  date. 

2  Factory  Inapeotor's  Report,  1S94,  p.  11 ;  1896,  pp.  39,  40. 

»  7Jt<«..  1900,p.  218. 

«  Ihid.,  1892,  p.  88;  1893,  pp.  16  and  299;  3894,  pp.  12,  20,  23,  28,  191 ;  1805 
pp.  13,  117  ;  1898,  p.  66  ;  1900,  pp.  248,  278  ;  1902,  p.  29. 

*  For  the  contrary  opinion  see  Factort/  Imtpector't  Report,  1897,  p.  68,  and  for 
both  opinions  see  Labour  Commission^  Digest  Group,  C,  vol.  i.,  p.  39,  Factory 
Inspector's  evidence. 


1903. 
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Section  II. — Influence  of  Restriction  of  Women^s  Hours  on  tJie  Hour^ 
worked  hy  other  persons. 

In  the  cotton  industry  of  Lancashire  there  seems  no  doubt  that  the 
hours  of  non-protected  persons  are  determined  almost  entirely  by  those  of 
protected  persons  ;  but  it  is  not  possible  to  say  to  what  extent  they  have 
been  influenced  specially  by  the  restrictions  on  the  work  of  adult  women, 
for  the  work  of  young  persons  and  children  is  also  of  the  greatest  import* 
ance  {Lanes.), 

In  the  wool  industry  of  Yorkshire  a  great  number  of  the  men 
work  the  hours  allotted  to  the  women,  and  it  is  common  for  the 
engines  to  run  only  during  those  hours ;  on  the  other  hand,  several 
instances  are  given  where  the  men's  hours  are  quite  diflerent  from  the 
women's,  and  hardly  influenced  by  them  ;  while  in  a  third  group  are  found 
cases  where  the  men  continue  women's  work  at  hours  prohibited  to 
women  {Yorks,). 

In  the  carpet  industry  of  Kidderminster  the  hours  of  work  were 
brought  down  to  56^  in  1875,  and  55^  in  1902,  in  consequenceof  the  Acts. 
*  As  the  work  of  the  men  is  mostly  dependent  on  protected  assistants^ 
their  hours  would  probably  have  been  reduced  even  if  the  rules  of  the 
Power  Loom  Weavers'  Association  had  not  necessitated  that  the  weavers, 
at  least,  should  reduce  their  hours  when  those  of  the  women  <fcc.  were 
reduced.'  The  Acts  also  hinder  men  working  overtime,  except  in  rare 
cases  where  it  is  worth  while  to  pay  men  for  doing  women's  work. 

In  the  Potteries  women's  work  is  so  involved  with  men's  that  the 
greater  regularity  of  the  former  necessitates  the  same  for  the  latter  ;  and 
a  similar  remark  applies  to  those  men  who,  through  custom  or  necessity 
of  processes,  work  the  same  hours  as  women,  in  those  industries  whose 
increasing  regularity  was  pointed  out  in  the  last  Section. 

It  is  open  to  question,  however,  whether  without  the  Acts  the  hours 
for  men  might  not  be  shorter  ;  for  in  the  majority  of  trades,  where  the 
hours  are  decided  by  agreements  with  trade  unions,  the  hours  are  below 
the  legal  maximum  in  regulated  trades ;  and  it  is  possible  that  in  the 
textile  industries  the  men,  if  not  aided  or  forestalled  by  the  Legislature, 
would  by  this  time  have  obtained  a  54  hours'  week  in  Lancashire  and 
Yorkshire,  This  consideration  makes  it  impossible  to  decide  to  what- 
extent  the  shortening  of  hours  is  to  be  attributed  to  the  Acts,  and  to  what 
extent  to  the  general  tendency  to  amelioration  of  conditions.  From  the 
evidence  already  given,  however,  it  seems  in  the  highest  degree  probable 
that  the  hours  would  have  been  longer  and  much  less  regular  in  most 
factories  and  workshops  affected,  but  for  legislation. 

Section  III. — Effect  on  Factories  and  Workshops  of  different  sizes,  and 
on  the  Prevalence  of  Out-tvorL 

The  Factory  Acts,  as  a  whole,  exert  a  steady  influence  in  favour  of 
firms  with  large  capital  and  efficient  management,  as  soon  as  regulation 
becomes  thorough  and  universal.  The  clauses  relating  to  safety  and  sani- 
tation have  probably  the  greatest  influence  in  this  way,  and  do  not  con- 
cern us  here  ;  but  Uiose  relating  specially  to  women  have  also  this  effect. 
We  may  first  notice  that  in  general  the  Acts  have  made  compulsory 
throughout  an  industry  those  arrangements  of  hours  making  for  the 
efficiency  both  of    the  employees  and  the    machines,  which  the  more 
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enlightened  firms  had  already  adopted  ;  this  tends  to  force  out  of  the 
trade  competitors  who  cannot  keep  up  to  a  high  standard  and  whose  em- 
ployees are  subject  to  conditions  detrimental  to  the  community.  For 
example,  in  most  of  the  industries  where  overtime  has  been  diminished,  it 
is  the  larger  firms  who  are  best  able  to  apply  pressure  on  their  customers 
to  give  their  orders  early,  can  make  most  easily  internal  aiTangements  to 
meet  a  sudden  demand,  and  can  afford  to  keep  enough  machinery  and 
enough  working-room  beyond  the  requirements  of  a  slack  season  (see 
the  references  given  in  the  discussion  of  overtime  ;  also  Yorks,). 

In  this  way  the  Acts  hasten  the  general  progress  towards  the  use  of 
machinery  and  the  growth  of  businesses  with  large  capital ;  e.^.,  in  the 
Bristol  boot  trade  :  '  Machinery  made  the  factory  and  the  employment  of 
capital  necessary,  and  the  Factory  Acts  have  not  hindered  but  furthered 
this  development'  (Boots).  The  sanitary  regulations,  which  to  some 
extent  affect  factories  where  women  are  employed  differently  from 
others,  have  helped  this  development  (ibid.).  The  observations  of  Mr. 
Wood,  together  with  those  of  one  of  H.M,  Inspectors,  show  that  the 
prohibition  of  overtime  for  'male  young  persons '  in  1895  gave  a  great 
impetus  to  the  factory  system,  since  the  smaller  shops  could  not  do 
without  overtime,  and  had  to  give  place  to  the  factories  employing  power. 
Women  being  thus  brought  into  the  factories,  the  restrictions  on  their 
a\^ertime  acted  in  the  same  direction  ;  thus  the  legislation  affecting 
women  hastened  the  development  of  the  factory  system  (ibid.). 

Again,  we  learn  from  Northampton  that  legislation  chiefly  '  hampered 
people  whose  methods  are  getting  out  of  date  for  general  business 
efficiency,'  and  merely  anticipated  the  results  that  competition  would  lead 
to  a  little  later  (NorUiampton).  We  are  told  that  in  Liverpool  *the 
most  far-reaching  effect  (of  legislation)  has  been  to  place  a  premium  upon 
the  employer  of  labour  who  can  afford  to  lay  out  the  capital  required  to 
introduce  improved  methods  of  industry,  labour-saving  machines,  and 
large  premises  with  accommodation  for  additional  workers  in  busy 
seasons '  (Liverpool).  The  allege^]  acceptance  of  overtime  restriction  by 
large  chocolate  manufacturers,  who  can  keep  their  premises  cool  enough 
for  work  on  hot  summer  days,  has  been  instanced  as  an  un^ir  advantage 
taken  on  their  part  over  their  smaller  competitors.^  In  the  South  Wales 
tinplate  industry  it  is  said  that  the  less  efficient  mills  have  not  been 
able  to  stand  the  expense  of  setting  up  the  msu^hinery  which  the 
abolition  of  women's  night-work  has  introduced  (Tinplate).  The 
experience  of  laundries  in  this  respect  is  interesting.  In  Nottingham, 
for  example,  the  smaller  laundries  cannot  reconcile  their  customers  to  the 
methods  necessary  to  suit  overtime  regulations,  while  the  larger  laundries, 
with  a  different  class  of  custom,  have  less  difficulty  (Nottingham) ;  but 
this  experience  is  not  confirmed  by  the  exhaustive  account  of  laundry 
development  given  in  Miss  Anderson's  report  (App.  II.),  In  this,  as 
in  other  industries,  it  is  not  possible  to  discriminate  between  the  effects 
of  increasing  use  of  machinery  and  of  legal  regulation.  In  the  case  of 
laundries,  where  the  workers  are  mainly  women  and  girls,  we  may 
include  health  and  sanitary  regulations  under  our  reference ;  the 
requirements  of  these  are  said  (Nottingham^  Canning  Toton)  to  press 
heavily  in  small  laundries,  which  indeed  were  the  first  to  come  under  sani- 
tary regulations.     On  the  other  side  we  may  notice  that  it  is  more  difficult 

*  WoTtten  under  the  FacUry  Act^  by  Mi£S  Boucherett,  p.  147^ 
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for  large  than  for  small  firms  to  escape  inspection,  and  for  the  actual 
history  of  the  industry  we  refer  to  Appendix  I.  below. 

The  regulations  may  have  various  eflfects  on  the  amount  of  work  given 
out  from  large  factories  or  workshops  to  small  employers  or  to  individual 
workers.  Some  of  the  cases  have  been  mentioned  already.  Some 
employers  {Glasgow,  Clothing)  have  stopped  giving  out  work  to  their 
regular  hands,  because  the  regulations  were  so  troublesome.  Others  evade 
the  law  or  continue  out-work  under  its  restrictions.  Some  (Stockport,  see 
above)  have  increased  out-work  since  overtime  reductions.  It  may  also 
be  the  case  that  work  is  passed  on  from  the  large  to  the  smaller  firms,  to  be 
done  by  them  in  illegal  hours,  or  passed  on  again  to  uncontrolled  workers. 
The  Committee  have  not  received  sufficient  evidence  as  to  the  circumstances 
in  the  scattered  and  complex  clothing  trades  of  London,  Leeds,  and  other 
great  towns,  to  express  an  opinion  as  to  the  relative  prevalence  of  these 
methods. 

We  have  not  examined  the  efiect  of  the  legislation  in  the  early  years 
of  its  application  in  relation  to  this  Section,  and  therefore  have  not 
considered  whether,  as  has  been  alleged,  any  immediate  increase  of  work 
done  under  unsatisfactory  conditions  was  due  to  unequal  incidence  of 
restriction. 

Section  IV. — Effect  on  Uie  Employment  of  Women,  and  on  tJie 
Re-arrangement  of  Methods  of  Production. 

This  Section  includes  many  highly  involved  questions,  which  may  be 
analysed  as  follows  : — 

(a)  Women  may  be  actually  excluded  from  particular  processes ;  or 

(6)  They  may  lose  only  part  of  the  work  done,  the  remainder  being 
done  by  other  workers  or  on  other  methods  ;  or 

(c)  The  work  may  be  re-arranged  so  as  to  be  done  by  the  same  or  a 
different  number  of  women  ;  so  that 

{d)  The  total  demand  for  women  workers  may  be  increased  or 
diminished  ;  or 

(e)  The  age  or  class  of  the  body  of  women  employed  may  be  altered. 

(/)  In  cases  (a)  and  (6)  the  work  may  be  done  by  unrestricted 
tvorkers  ;  or 

{g)  By  machinery,  which  may  be  more  expensive  or  may  be  economical, 
only  needing  an  impetus  for  its  introduction. 

(/t)  Employment  of  women  in  new  directions  may  have  been  hindered. 

The  Committ-ee  has  evidence  that  each  of  these  developments  has 
occurred  in  one  place  or  another,  except  (A),  which  is  of  a  hypothetical 
nature. 

(a)  Exclusion  of  Women, 

The  cases  where  women  have  been  excluded  from  particular  work 
in  favour  of  unrestricted  workers  are  extremely  rare.  Throughout  our 
reports  we  find  that  the  line  of  demarcation  between  men  and  women's 
work  is  in  the  great  majority  of  cases  rigidly  fixed  by  physical  suitability, 
by  relative  cheapness,  or  by  custom.  This  is  undoubtedly  the  general 
rule  and  the  following  exceptions  are  the  only  cases  which  a  thorough 
search  has  brought  to  light  in  the  industries  investigated,  where  women 
have  been  displaced  completely  by  men  owing  to  legislation.  In  the 
printing  and  kindred  trades  :  In  Derby  the  curtailment  of  overtime  from 
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forty-eight  to  thirty  evenings  *  was  a  serions  inconvenience,  as  the  larger 
nomber  was  needed  for  the  *  laying  on '  the  printing  and  folding  machines, 
which  is  girls'  work.  *  At  first  the  employers  kept  the  yoong  men  over 
18  years  to  do  the  work,  but  this  was  expensive,  and  as  a  last  resort 
the  engineers  were  pressed  to  invent  a  way  of  doing  by  automatic 
machinery  what  the  girls  had  been  doing  before.  This  they  have 
succeeded  in  doing,  and  girls  have  been  discharged  *  (Derby),  The  em- 
ployers, however,  instead  of  discharging  the  girls  from  their  workshop, 
employed  them  in  new  branches,  so  that  none  were  dismissed,  though 
fewer  new  ones  may  have  been  taken  on.  In  London,  one  printing-house 
manager  said  :  '  He  would  employ  women  for  feeding  his  printing  machines 
were  it  rot  for  the  limitations  on  their  hours,  which  render  it  impossible 
to  keep  them  when  a  press  of  work  comes  in,'  but  many  others  held  an 
opinion  to  the  contrary  (Printing).  In  an  article  in  the  '  Economic 
Journal,'  1899,  on  Wo^nen  Compositors  and  the  Factory  Acta,  we  find 
(p.  263)  that  among  some  very  hesitating  opinions  three  (out  of  thirty-five) 
employers  said  that  they  would  employ  more  women  compositors  if  more 
overtime  were  allowed ;  and  one  doubtful  case  is  given  of  women  being 
replaced  by  a  folding-machine. 

In  last  year's  Beport  ^  some  instances  are  given  where  women  may 
have  lost  employment  in  Yorkshire  and  Birmingham,  and  cases  in 
Liverpool  exactly  similar  to  those  in  Birmingham  are  reported  ;  but  the 
net  loss  recorded  b  infinitesimal. 

In  Sheffield  the  clause  of  the  new  special  rules  coming  into  force 
September  1,  1903,  which  enacts  that :  'If  the  factory  or  workshop  is 
situated  in  a  dwelling-house,  the  work  of  file-cutting  shall  not  be  carried 
on  in  any  room  which  is  used  as  a  sleeping-place  or  for  cooking  or  eating 
meals,'  is  expected  to  prevent  a  number  of  women  continuing  to  earn  their 
livelihood  at  home,  but  it  is  too  early  to  report  on  this. 

We  have  two  instances  in  our  report  from  Nottingham  :  *  In  one 
department  of  the  lace  trade,  that  of  brass-bobbin  winding,  women  are 
being  steadily  replaced  by  youths  and  men,  as  these  latter  can  be  employed 
in  hours  outside  those  permitted  to  women.  This  is  necessitated  by  the 
night  working  of  the  lace  machines,  for  when  the  machine  stops  and  the 
bobbins  come  kji^  empty,  they  must  be  re- wound  at  once.  Old  workers 
state  that  men  were  not  employed  as  brass  winders  before  the  advent  of 
factory  legislation.  Before  this,  brass-winding  had  been  regarded  as 
essentially  women's  work,  and  many  employers  still  prefer  women,  alleging 
that  they  are  more  efficient  workers  (and  in  emergencies  can  evade  the 
Inspector).  Unsteady  and  drinking  habits  are  very  prevalent  among 
brass-winders,  both  male  and  female,  and  this  tends  to  encourage  the 
employment  of  men,  as  they  can  more  readily  make  up  lost  time.' 
It  is  necessary  to  give  the  second  case  in  full.  *One  of  the  largest 
employers  in  the  embroidery  trade  said  that  twenty  years  ago  women 
worked  all  their  machines,  but  as  they  got  busier  they  had  been  obliged 
to  put  a  few  men  (from  5  to  10  per  cent.)  in  also,  as  the  hours  of  women 
were  too  limited.  He  thought  it  was  also  a  question  of  stamina.  In  busy 
times  they  now  worked  some  of  the  machines  twenty  hours  per  day  and 
night,  but  the  men  dovetailed  in  with  the  women.  They  paid  women  the 
same  wages  as  the  men,  and  had  taken  on  men  because  of  the  limitation 

*  The  cause  may  have  been  either  the  prohibitionof  overtime  for  girls  under  18, 
or  the  reduction  for  women  over  18 ;  our  information  is  not  complete. 
'  Belfast,  pp.  293,  299. 
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of  women's  hours  as  trade  increased.  In  their  trade  he  said  '^the 
advantages  to  be  gained  by  working  the  machines  by  night  had  increased 
the  importance  of  male  labour  in  comparison  to  female."  His  opinion 
was  that  the  trade  would  be  an  increasing  one  in  the  future,  and  he 
considered  that  if  the  conditions  of  trade  became  so  prosperous  as  to  make 
it  important  to  work  night  and  day,  people  putting  in  new  plants  of 
machinery  would  probably  put  in  male  labour.  It  was  the  custom  of  the 
trade  to  employ  women  except  when  night-work  necessitated  men's  labour. 
The  trade  is  only  comparatively  a  small  one  at  present,  and  this  was  the 
only  firm  visited  who  employed  men.  Trade  has  fallen  off  this  year  (1 903), 
and  the  above  firm  that  last  year  employed  ten  men  and  100  women  now 
employs  only  four  men  and  sixty-seven  women.  A  woman  can  earn  up 
to  36^.  a  week  '  {Nottingham), 

A  South  London  biscuit  baker  states  that  he  would  employ  a  few 
women  in  placing  biscuits  on  revolving  ovens  if  it  were  not  that  he  needed 
overtime  ;  other  firms  employed  women  at  this  work. 

The  prohibition  since  1898  of  the  employment  of  women  in  certain 
processes  involving  the  use  of  white  lead  has  led  to  a  considerable  dis- 
placement, modified  by  the  substitution  of  innocuous  processes  in  some 
cases.     The  figures  are  so  incomplete  that  we  do  not  analyse  them.^ 

{b)  Substitution  of  other  Workers  in  Overtime. 

The  instances  in  which  women  cease  work  at  the  end  of  their  legal 
hours  and  their  process  is  carried  on  by  men  are  fairly  numerous,  but 
form  a  group  which  is  not  great  in  relation  to  the  field  of  investigation. 
In  the  Committee's  second  report  several  such  instances  are  given  (p.  292). 
One  instance  is  reported  from  the  Birmingham  tinplate  industry.  In 
Kidderminster  the  men  on  rare  occasions  work  overtime  on  the  women's 
looms.  A  vest-maker  in  Sheffield  states  that  the  men  work  long  hours 
and  overtime  in  the  busy  season,  doing  some  work  which  women  would  do 

*  The  numbers  in  the  white-lead  works  for  which  the  Factory  Inspectors  had 
statistics  in  1897  were : 


1805 


Whit«  lead 

Bed  and  yellow  lead 


M. 
Il780 


i 
F. 

1896 

M.   1   F. 

1      18 

M. 

97 
F. 

702 

1876  '   610 

1 

ri499 
\    151 

563 

In  the  Kewcastle-on-Tjme  district  the  numbers  are  given  as 
Male  I  Female 


Total 


It  is  clear  that  these  figures  are  on  the  one  hand  incomplete,  and  on  the  other 
include  many  women  enga^d  in  processes  still  allowed  to  them ;  and  there  seem  to 
be  no  statistics  available  which  permit  a  satisfactory  calculation  of  -the  number  of 
women  displaced. 

One  case  is  reported  from  Chester  where  women  had  been  replaced  by  lads 
for  white-lead  processes  long  before  the  legal  prohibition. 
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if  allowed.  Another  South  London  biioait  firm  has  to  employ  men  on 
women's  work  occasionally  '  at  three  times  the  wages.'  In  printirig  and 
kindred  trades,  men  sometimes  follow  the  girls  at  9  p.m.  in  card-mounting 
in  London,^  and  men  do  overtime  in  Bristol  and  Liverpool  on  women's 
work  ;  while  folding  (see  above)  must  often  be  done  by  men*  In  paper- 
making  men  occasionally  tend  cutting  and  glazing  machines  after  women's 
hours,  yet  in  two  cases  women  have  recently  supplanted  men  at  these 
machines  (Paper).  Occasionally  in  the  watch-faetory  already  mentioned 
men  do  women's  work  overtime,  but  do  not  do  it  so  well. 

In  some  important  cases  men  do  night-work  on  the^same  processes  as 
women  work  at  in  the  day-time.  One  instance  is  printers'  folding  (London 
sad.  the  Derby  case  already  mentioned).  Again,  in  or  near  Derby  men  do 
cotton  doubling  at  night,  and  young  men  some  of  the  preparatory  pro- 
cesses for  lace.  There  is  also  the  very  important  instance  of  combing  in 
Bradford  (Torks.)^  and  other  instances  given  in  last  year's  report.^  In 
these  cases  women  would  not  improbably  do  overtime  and  even  night- 
work,  if  allowed.  The  remaining  case  is  in  the  South  Wales  tinplate  manu- 
facture, which  is  detailed  under  (ff)  below, 

(c)  Rearrangement  of  Worh 
In  the  discussion  of  overtime  above  it  was  shown  that  the  restric- 
tion of  hours  was  often  met  by  a  rearrangement  of  processes.  The 
references  there  given  will  support  the  following  general  statement :  In 
the  great  majority  of  industrial  processes  carried  on  by  women,  their  work 
IB  cheaper  and  often  more  efficient  than  any  that  can  be  substituted  for 
it ;  restriction  is  therefore  met  by  adaptation  of  manufacture  or  rearrange- 
ment of  numbers  employed  and  time  at  which  work  is  done,  women  still 
being  employed  at  the  work.  Under  the  headings  (a)  and  (b)  all  the  cases 
to  the  contrary  which  have  come  under  the  notice  of  the  Committee  are 
detailed,  and  all  the  investigators  made  a  special  inquiry  on  this  head. 
The  Committee  therefore  endorses  the  remarks  of  H.M.  Chief  Inspector 
Kedgrave  in  1881  ^  as  being  in  the  main  applicable  to  the  present  time. 

*  The  objection  that  by  placing  restrictions  upon  a  certain  class  of  labour 
there  will  be  so  much  repugnance  to  the  employment  of  that  class  of  labour 
that  it  will  be  dispensed  with,  and  the  place  be  supplied  by  unrestricted 
labour,  is  not  made  for  the  first  time  in  the  history  of  factory  legislation. 

*The  employment  of  labour  by  an  employer  is  governed  purely  by 
economical  principles.  The  dismissal  from  a  shop  of  the  young  persons 
and  women  sewing  in  it  must  be  followed  by  the  engagement  of  men  at  a 
much  hi^er  rate  to  do  their  work.  The  question  the  employer  will  put 
to  hioiself  will  be  whether,  it  being  a  regulation  that  all  in  the  same  kind 
of  trade  shall  be  subject  to  precisely  the  same  kind  of  restriction,  it  will 
be  more  economical  to  him  to  keep  his  shop  open  for  fair  and  moderate 
hours  with  moderately  paid  young  persons  and  women,  or  to  keep  his  shop 
open  well  into  the  night  with  all  its  attendant  increase  of  cost  and  with 
more  highly-paid  assistants. 

*  All  our  experience  (says  Mr.  Redgrave)  goes  to  show  that  employers 
prefer  moderate  hours  under  reasonable  restrictions  to  unlimited  labour. 
Very  few  employers  of  any  class  are  to  be  found  in  occupations  under 
the  operation  of  the  Factory  Act  prepared  to  say  they  would  willingly 

*  In  this  connection  see  last  year  s  Report  (Belfast),  p.  306,  line  4,  and  p.  293,  note. 
«  Pp.  291,  292.  »  Ihotory  Inspeotor's  Report,  1881,  p.  41. 
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return  to  the  old  system.  Some  may  t^ink  the  present  restriction  upon 
hours  of  work  might  be  somewhat  loosened,  but  those  who  prophesied  the 
dismissal  of  young  persons  from  their  occupation  and  the  substitution  of 
male  adult  labour  acknowledge  that  they  were  mistaken,  and  are  loud  in 
the  acknowledgment  of  the  advantage  to  themselves,  as  well  as  to  their 
employees,  of  moderate  hours  of  work.' 

If,  as  appears  to  be  generally  the  case,  the  same  amount  <^  work  i» 
done  in  the  restricted  hours,  one  or  more  of  the  following  alterations  must 
occur  :  the  hours  may  be  the  same  in  total,  though  differently  arranged 
(for  instances,  see  above) ;  work  in  the  shorter  time  may  be  more  efficient, 
either  through  the  help  of  machinery,  or  employment  of  more  skilled  or 
quicker  workers,  or  because  the  better  conditions  cause  better  work  (and 
it  is  generally  admitted  that  overtime  work  is  relatively  unproductive  in 
itself  and  often  spoils  work  on  the  following  day) ;  or  more  workers  may 
be  employed.     This  leads  us  to  the  next  headings. 

(d)  The  Demand  for  Women  Workers,  and  (e)  Changes  in  Age 
of  Women  employed. 

To  what  extent,  if  any,  the  older  hands  are  penalised  by  higher 
pressure  in  shorter  hours,  and  to  what  extent  the  total  number  employed 
is  altered,  cannot  be  answered  satisfactorily  in  individual  cases.  Some 
light  is  thrown  on  these  questions,  however,  by  the  general  statistics  of 
employment. 

The  following  table  is  based  on  Miss  Collet's  paper,  published  in  the 
'Journal  of  the  Royal  Statistical  Society,'  Jqne  1898,  brought  up  to  date 
from  the  census  for  1901.  The  information  tabulated  in  previous  census 
reports  does  not  allow  of  further  subdivision,  but  for  the  present  purpose 
we  chiefly  need  to  look  at  the  figures  en  masse,  because  we  are  concemed 
with  the  net  result  of  the  causes  which  determine  the  number  employed. 
Further  analysis,  even  if  practicable,  would  need  to  be  carried  to  a  lengtb 
too  great  for  this  report. 

A  discussion  of  the  figures  up  to  1891  and  a  general  criticismi  of  thoir 
accuracy  and  value  is  to  be  found  in  Miss  Collet's  paper. 


11. 
iii. 

IV. 


Xunibei'  of  Fima^eSj  according  to  the  CeTisus  Reports,  engaged  in  Occufatfansr 
for  gaiyi,    (England  and  Wales,) 

.    All  ahore  10  years  of  age,  ocevjned  per  ifiOO  liring  above  iO  years  of  age. 
From  10  to  15        „  „  „  „      from  10  to  15  years  of  age. 


„      15  to  25 
„      25  to  45 
,,      45  to  65 
Above  65 


15  to  25 
„    25  to  45 
„     45  to  65 
above  65 


Occupation 


ALL  OCCCPIED 


Division  i     1871 » 


1. 
ii. 
iii. 
iv. 

V. 

vi. 


366 
212 
612 
315 
2^3 
259 


1881 

340 
151 
621 
2D0 
261 
183 


1891 

1901 

34i 

3i^ 

163 

121 

634 

611 

296 

271 

250 

212 

160 

132 

>  I'cr£0D8  retuined  as  'retired*  were  included  in  1871.  but  not  subsequently. 
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Number  of  FemaUt^  according  to  tlie  Census  Jieports,  engaged  in  Occupations 
for  gain,     (England  and  Wales)— coot. 


Occupation 


I  Division  I     1871      |      1681 


1891 


1901 


A. — Domestic  indoor  servants 


i. 

iSl 

iiS 

i21 

1  iOI 

ii. 

\        98 

70 

66 

39 

iii. 

,   297 

298 

274 

228 

iv. 

98 

84 

90 

,   81 

V. 

r>6 

45 

48 

42 

^l 

60 

20 

28 

20 

A. — Charwomen 


ii. 
iii. 
iv. 

V. 

vi. 


9 

9 

9 

0 

0 

0 

2 

2 

2 

9 

10 

10 

]0 

21 

21 

16 

15 

13 

0 

2 

9 

20 

11 


C — Millinen,-  dressmakers,  shirt- 
makers,  seamstres&es  . 


i. 

44 

!   44 

41 

ii. 

6 

8 

12 

iii. 

66 

73 

78 

iv. 

63 

45 

37 

V, 

39 

37 

29 

vi. 

25 

23 

19 

11 

73 
32 
23 
17 


B. — Tailoresses*     including    clo- 
thiers, oatfitters,  dealers     . 


i. 

4 

5 

A? 

ii. 

1 

1 

3 

iii. 

6 

8 

15 

iv. 

5 

5 

6 

V. 

4 

5 

6 

vi. 

2 

3 

3 

B. — Washing  and  bathing  service 


B. — Boots    and  shoes  (including 
dealers)     .... 


i. 

ii. 
iii. 
iv. 

V. 

vi. 


19 
1 

10 
20 
37 
82 


IS 
1 
11 
18 
34 
24 


it 
1 
13 
16 
30 
20 


C— Cotton 


C. — Wool  and  worsted  . 


11. 
iii. 
iv. 

V. 

vi. 

i. 
ii. 
iii 
iv. 

V. 

vi. 

i. 

ii. 
iii. 
iv. 

V. 

^i. 


2 

5 

2-6 

2-2 

1-8 


^    1 

4 

2 

3 

7 

8 

83 

33 

22 

17 

1-2 

0-9 

9 
4 
19 
7 
5 
3 

i5 
1 
17 
14 
28 
15 

4 

3 

9 

80 

1-5 

07 


S2 
38 
69 
28 
10 
3-8 

14 
19 
25 
11 

5 

27 


SO 

28 

68 
28 
10 
1-8 

i2 

11 

24 

11 
45 
12 


i?9 

30 

55 

26 
87 
1-8 


25 

22 

51 

23 
7-5 
10 


1    12 

9 

'    12 

8 

23 

20 

10 

8 

8-8 

3-4 

0-8 

0-6 

1  Hantle-makers  included  among  tailoresses  in  1901,  but  among  milliners  dec. 
preTionsly.  i  ^^^^T^ 
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Males :  per  1,000  over  10  Years  of  Age. 


Occupied  witli 

1881 

1891 

191 

201 

9-6 

101 

1901 

Boots  and  shoes 

Cotton 

Wool  and  worsted 

„                 „      (including  dealers)    . 

20-2 
19-9 
100 

16-3          i 
16-2          i 

7-2 

All  occupied 

832 

831 

837 

From  this  table  may  be  gathered  many  interesting  facts  relevant  to 
the  inquiry. 

In  the  summary  group  'all  occupied '  there  is  a  marked  decline  under 
15  years  in  1871-81  and  1891-1901  ;  this  accounts  iot  a  considerable 
part  of  the  decline  in  the  total.  In  Division  vi.  (above  65  years)  there 
is  a  steady  decline  (the  great  drop  1871-81  is  presumably  artificially 
increased  by  the  inclusion  of  *  retired '  persons  in  1871).  In  Division  v. 
there  is  a  steady  decline.  In  Divisions  iii.  and  iv.  (15  to  45)  there  is  a 
decline  in  1871-81  and  1891-1901,  and  a  slight  rise  in  1881-1891. 

Let  us  take  three  groups :  A.  Unregulated  industries  (domestic 
servants,  charwomen).  B.  Industries  thoroughly  regulated  before  1871 
(cotton,  wool).  C.  Industries  coming  under  stricter  regulation  since 
1871  (milliners,  4&c.,  tailoresses,  laundries,  boots). 

The  figures  may  be  retabulated  as  follows  : — 


Ages    15-25, 
per  1,000 

Ages    25-4  P, 
per  1,000 

Ages    45-06, 
per  1,000 

Above      65, 
per  1,000 


/    All  occupations 
upied  ]    Group  A    . 


occupied 


occupied 


occupied 


B 

(  M  C  . 

( .  All  occupations 
1    Group  A    . 
1        »      B    . 

(  M         C      . 

(    All  occupations 
'  I  Group  A    . 

'       „      B    .        . 
„      C     . 

All  occupations 
Group  A    . 
..      B    . 


a 

h 

1871 

1881 

1891 

1901 

612 

621 

634 

611 

299 

295 

277 

231 

8S 

100 

114 

118 

84 

82 

76 

69 

315 

290 

296 

271 

108 

94 

100 

90 

81 

72 

62 

56 

39 

39 

35 

30 

293 

261 

250 

212 

86 

67 

69 

61 

83 

79 

66 

53 

15 

15 

12 

11 

259 

183 

160 

132 

77 

41 

40 

31 

61 

52 

43 

36 

6 

3 

2 

1-6 

Ratio  of 
Colamn6 

to 
Colomna 


0-98 

0-78 

118 

0-84 

0-93 

0-96 

0-77 

0-77 

0-80 

0-9 

0-67 

0-7 

0-72 

0-75 

0-7 

0-6 


In  the  case  of  girls  or  women  between  15  and  25  there  has  been  a 
rapid  falling  off  since  1881  in  Group  A  (unregulated),  a  slighter  fall  in 
Group  C  (regulated  for  many  decades),  and  an  increase  in  Group  B 
(coming  under  regulation).  The  fall  in  0  is  relatively  less  than  that  of 
males  in  the  same  industries. 

With  women  between  25  and  45  the  numbers  in  Group  A  are  not 
much  changed  ;  in  Group  C  the  fall  is  the  same  as  for  males  ;  in  Group  B 
there  is  a  fall,  though  in  tailoring  there  is  a  lise. 

With  women  between  45  and  65  there  is  considerable  fall  in  Groups 
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B  and  C,  and  little  in  A.  With  women  over  65  there  is  a  falling-off  all 
round. 

The  age  group  15-25  is  the  most  important  numerically,  and  seems 
to  be  favoured  by  the  growth  of  the  factory  system,  with  all  its  attendant 
circumstances.  Older  women  have  diminished  in  number  in  all  cases ; 
but,  speaking  broadly,  the  diminution  is  no  greater  where  trades  have 
comparatively  recently  passed  into  the  factory  stages  than  in  those  which 
have  long  been  regulated.  Thus  this  table  does  not  support  any  theory 
which  would  connect  regulation  rather  than  other  circumstances  with 
this  decline  ;  nor,  of  course,  does  it  enable  us  to  distinguish  the  effect  of 
the  increase  of  factories  from  that  of  other  concurrent  developments. 

The  falling-off  of  the  employment  of  women  over  45  years  of  age  in 
all  the  occupations  just  dealt  with  is  an  important  phenomenon.  Part 
may  be  attributed  to  the  same  causes  which  have  led  to  the  diminu- 
tion of  the  number  employed  between  25  and  45  years  since  1891, 
and  it  may  be  hoped  that  this  is  due  to  diminishod  need  on  the  part 
of  married  women  to  work  outside  their  homes.  A  certain  part  of  it 
is  probably  due  to  the  inability  of  elderly  women  to  adapt  themselves 
to  altered  conditions  or  to  the  unwillingness  of  employers  to  engage  them, 
and  this  may  be  modified  naturally  in  the  process  of  time.  Again,  the  fall 
registered  in  Division  iv.  in  1871-1881,  whatever  its  cause,  might  be  ex- 
pected to  show  itself  again  in  Division  v.  in  1891-1901. 

Unless  the  fall  can  be  shown  to  be  due  to  increasing  prosperity,  it 
suggests  the  necessity  of  careful  examination  of  projected  changes,  with  a 
view  to  preventing  discrimination  against  the  employment  of  the  old. 
The  Committee  has  not,  however,  come  across  any  definite  cases  where 
the  old  are  handicapped  by  unnecessary  or  injudicious  legislation. 
Alleged  cases  are  generally  attributable  to  the  necessities  of  machine 
production.^ 

Further  light  is  thrown  on  these  questions  by  a  comparison  of  the 
returns  as  to  the  numbers  employed  in  factories  and  workshops  under 
inspection  and  the  general  census  returns  : — 

Cbnsiis. — England  and  Wales. 

1881  1891  1901 

Males        .        .    832  8.S1  837      occupied  per  1,000  over  10  years  of  age. 

Females    •        .    340  344  316  „  „  „  „ 

Factory  and    Workshop  Returns, — Percentages  that  Number  of  Females  over 
14  years  old  form  of  Total  Number  of  Males  mid  Females  over  14  years. 


In  registered  1890       |        1895       i        1890 


1897  1898-9 


Textile  factories—          | 

1 

England  and  Wales  . 

58  9 

601 

60-0 

60-6 

61-0        1 

United  Kingdom       . 

ail 

621 

621 

62-6 

63-0        ! 

Non-textile  factories— 

1 

England  and  Wales  .  | 

— 

17-2 

1       17-2 

17-5 

17-4 

United  Kingdom       .  i 

154 

17-9 

;         17-9 

180 

180 

United  Kingdom, less  ! 

1 

*  machineiy,  &c/     . 

— 

21*7 

24-4 

1 

242 

244        1 

*  Some  people,  no  doubt,  will  instance  the  new  rules  for  Sheffield  file-cutting  as 
a  case  in  point;  but  they  only  come  into  force  in  S^tember  1903,  and  it  is  impossible 
to  foresee  their  effect,  so  that  it  is  out  of  place  to  diiscoss  them.  .  , 
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Thus,  so  far  as  this  evidence  goes,  the  total  number  of  males  occupied 
remained  stationary,  and  of  females  decreased  in  proportion  to  the  total 
numbers  living  ;  while  in  factories  the  number  of  females  increased 
relatively  to  the  males. 

Addendum  to  Sectio  i  IV,  (d)  and  («). 

The  Committee  has  thought  it  expedient  to  examine  in  detail  the 
following  paragraphs  from  *The  Fall  of  Women's  Wages  in  Unskilled 
Work,'  by  Miss  Boucherett,  1899,  p.  8,  and  Miss  Deane  has  kindly  sent 
the  necessary  statistics  and  notes  from  the  published  official  returns,  on 
which  the  statements  are  based  : — 

'Where  (the  limitation  of  hours)  leads  to  dismissal  of  women  I 
venture  to  think  that  the  evil  is  great.  It  is  certainly  great  to  the 
women.  To  give  an  example  :  When  it  was  suggested  that  bleach- 
works  should  be  subject  to  limitation  of  hours  of  work  for  women,  the 
employers  remonstrated  and  said  that  as  their  work  depended  on  the  sun^ 
rain,  and  wind,  the  hours  were  necessarily  irregular,  and  that  if  women 
could  not  be  allowed  to  work  irregularly  they  would  be  obliged  to  dismiss 
them.  The  remonstrance  was  disregarded,  and  the  result  is  shown  in  the 
annual  report  of  the  Chief  Inspector  of  Factories,  p.  320.  In  1890  there 
were  employed  in  bleaching  and  dyeing  49,453  males  and  19,207  females. 
In  1895  the  numbers  were  57,741  males  and  18,554  females.  These 
figures  show  an  increase  of  rather  more  than  8,000  males  and  a  decrease 
of  653  females.  Now,  if  no  artificial  interference  had  taken  place,  the 
probability  is  that  the  numbers  of  both  sexes  would  have  increased  in 
equal  proportion,  which  would  give  an  increase  of  about  6,000  males  and 
2,000  females,  so  that  nearly  3,000  more  women  would  have  been  happily 
employed  in  a  well-paid,  healthy  occupation  than  is  now  the  fact.  (In 
the  millinery,  mantle,  stay,  corset,  and  dressmaking  trades  the  number  of 
men  has  doubled,  while  the  women  have  increased  by  little  more  than 
half.     See  Chief  Insp.  Rep.,  p.  320.) 

*  The  same  decrease  of  women  employed  and  increase  of  men  has  oc- 
curred in  several  other  trades,  as  shown  in  the  Factory  Report.' 

There  are  no  other  statistics  offered  in  the  pamphlet. 

With  regard  to  these  statements  Miss  Deane  draws  attention  to  the 
following  facts  : — 

Bleach- works  and  dye-works  came  under  regulation  in  1860-7.  The 
earliest  official  returns  are  for  1871.  Between  that  date  and  1890  the 
proportion  of  women  increased,  as  the  annexed  table  shows.  The  drop  in 
1890-5  did  not  bring  the  proportion  of  women  down  to  its  level  of  1871, 
and  there  was  no  new  legislation  nor  better  enforcement  of  the  old  at 
that  period.  There  is  consequently  no  evidence  that  the  fall  was  con- 
nected with  legislation,  but  a  priori  evidence  to  the  contrary. 

Figures  for  separate  parts  of  this  industry  are  only  available  for 
1897-8  in  factories,  and  1896-7-8  in  workshops,  and  are  given  in  annexed 
table.  It  is  there  seen  that  the  numbers  in  open-air  bleaching  are  very 
small,  and  that  there  is  no  significant  change  in  the  two  years. 

The  conditions  of  the  trades  account  for  the  changes  quite  indepen- 
dently of  the  Acts.  Even  in  1871  they  were  chiefly  men's  occupations. 
The  work  for  the  most  part  is  heavy  in  the  extreme,  and  the  machinery 
used  of  the  most  ponderous  kind.     The  great  heat^  the  steam,  the  dirt^ 
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the  constaatlj  wet  condition  of  the  floors,  and  the  vapours  caused  by  the 
use  of  large  quantities  of  chemicals,  combine  to  render  the  occupation  one 
to  which  the  above  mention  of  '  a  healthy  occupation '  in  which  women 
may  be  *  happily  employed '  is  not  apposite. 

The  numbers  employed  in  open-air  bleaching  (in  connection  with  flax 
mills  in  Ireland)  are  a  very  insignificant  part  of  the  whole. 

The  same  cause  which  has  contributed  to  reduce  the  proportion  of 
women  in  favour  of  men  employed  in  the  washing  sheds  of  a  steam 
laundry  will  have  operated  also  in  this  trade,  namely,  the  introduction  of 
heavy  machinery,  the  rotary  machines,  the  hydro  extractor,  and  other 
cognate  machinery,  while  the  use  of  mechanical  drying  horses  and  power- 
driven  hot-air  propellers  has  also  contributed  to  the  same  end. 


Bleaching  and  Dyeing, — Numbers  in  Factories  under  Inspection, 


Malea» 

Females  ^ 

Females  as  per 
cent,  of  total 

Totals:  1871       . 
1890       . 
1895.     . 

1896  . 

1897  . 
1898 

23.512 
48,654 
56,861 
55,172 
47,7.H6 
49,450 

7,365 
18,928 
18,355 
17,848 
14,930 
15,650 

23-9 

280 

24-4 

24 

23-8 

24-0 

Details  for  1897  and  1898  (Children,  only  I  per  cetit.  of  whole,  included). 


Open-air 

Turkey  red 
dyemg 

Job  dyeing 

Other  bleaching 
and  dyeing 

( 

1 

Per  cent, 
of  Total 

— 

Per  cent, 
of  Total 

— 

Per  cent, 
of  Total 

Per  cent.' 
of  Total 

Males,  1897      . 
Females,  1897 . 
Males,  1898     . 
Females,  1898  . 

680 
198 
799 
244 

23-9 
23-4 

2,721 

2,807 
2,860 
2,796 

50-8 
49-4 

1.676 
1,717 
1,821 
2,120 

52-2 
63-8 

43,261 
10,270 
44,607 
10,571 

19-2 
192 

Workshops, — Job  Dyeing  and  Clean 

ing. 

Males 

Females 

Females  as  per 
cent,  of  Total 

1896  . 

1896  . 

1897  . 

• 

, 

139 
133 

86 

61 
60 

84 

30 
31 
49 

Millinery  8^c, 

As  regards  the  statement  as  to  the  millinery,  mantle,  <kc.  trades,  a 
reference  to  the  appended  table  shows  that  while  1,200  more  men  arere 
employed  in  this  branch  of  the  clothing  trade  in  1895  than  in  1890,  there 
18  an  increase  in  the  same  period  of  7,750  women. 

In  Miss  Black's  reply  to  Miss  Boucherett  in  the  '  Women's  Industrial 
News'  of  June  1898,  she  remarks  that  *the  real  nature  and  tendency  of 


Excluding  children. 
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this  fact  depend  entirely,  not  upon  the  proportions,  but  upon  the  numbers. 
To  come  down  to  an  imaginary  example  on  a  small  scala  Suppose  that 
in  a  mantle  factory  there  were  twenty  women  workers  and  one  man  cutter, 
and  that,  business  increasing,  eleven  more  women  were  taken  on  and  an 
assistant  cutter.  This  new  state  of  aiSairs  would  be  exactly  represented 
by  the  above  (Miss  Boucherett's)  statement,  but  yet,  if  you  multiplied  it 
by  a  thousand  it  would  still  mean  that  eleven  thousand  fresh  women  had 
come  into  the  trade  and  only  one  thousand  men.' 

The  additional  engineers,  stoker,  foremen,  cutters,  assistant  cutters 
and  poi'ters  account  for  the  added  thousand  :  as  the  trade  becomes  more 
specialised,  the  subdivision  of  labour  greater,  and  the  use  of  power-driven 
machinery  more  common,  the  need  for  skilled  cutters,  foremen,  and 
engineers  becomes  greater.  In  the  workshops  where  no  machinery  is 
found,  although  the  sub-division  of  labour  is  continually  more  marked, 
the  increase  in  the  percentage  of  men  is  less  than  in  the  factories.  The 
Factory  Act  regulations  as  to  limitations  of  hours  are  identical  in  non* 
textile  factories  and  workshops. 

The  attached  tables,  which  give  all  the  relevant  figures  published  by 
the  Factory  Department,  show  that  in  spite  of  legislative  limitation  of 
hours,  which  applies  to  all  the  subdivisions  of  the  clothing  trade  alike, 
there  has  been  a  marked  decrease  in  the  proportion  of  males  since  1890. 

But  the  difference  in  the  percentage  of  males  and  females,  whether  in 
the  trade  as  a  whole  or  in  the  different  subdivisions  of  it,  has  nothing 
whatever  tiO  do  with  legislative  enactment,  but  is  dependent  on  modifica- 
tions and  fluctuations  in  the  conditions  of  the  industry  :  viz.  the  ex- 
tended use  of  machinery,  the  nature  of  the  machinery,  the  subdivision  of 
work  into  different  branches  each  with  its  skilled  foreman,  the  influx 
of  alien  workers,  as  in  the  '  bespoke '  (workshop)  tailoring  trade,  the  in- 
fluence of  fashion,  which  decrees  that  women's  garments  shall  be  more 
often  cut  and  fitted  by  men  tailors  than  formerly,  and  a  number  of  other 
causes. 


Clothing:    Numbers  in    Workshops   under   Inspection. — The  Percentages  are  of 
Feinales  relative  to  Number  of  Males  and  Number  of  Females, 

(Children  excladed  except  in  hats  and  habeidashery.) 

Millinery  Shirts  and  Collars    |  Tailoring  Habeniasherj-        * 


1895 
1806 
1897 


3,209 
3,877 
8,533 


144,836 
163,759 
170,999 


%  I     M. 


98 


F. 


641 

8,331 

'93  ! 

42,116 

80,786 

» 

1 

_ 

907 

9.913 

1  91-7| 

49,461 

86,683 

42 

4,988 

21.430 

867 

9,873 

l"-'i 

61,965 

87,689 

« 

V71  1 

20,22J 

81 

81 


1896 
1896 
1897 

Boots  and  Shoes            '               Hats  and  Caps 

All  Clothing 

M. 

F. 

% 

M. 

F. 

% 

67 

66-6 

66 

M. 

F. 

% 

26,734 
26,706 
26,881 

10,139 
10,014 
10,360 

27-6 

28 

29 

8,262 
8,811 
4,167 

6,689 
7.242 
7,715 

80,108 
88,729 
91,364 

221,170 
247,996 
268,643 

73-4    ( 
73-7 
74       ' 

( 
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Clothing :  Numbers  in  Factories  under  Inspection, 
(Children  excluded  except  in  hats  and  haberdashery.) 


i 

MiUinery  Ac. 

Shirts  and  Collars 

Tailoring 

1 

M. 

F. 

% 

87 
91 
88 
88 
89 
88 

M.       1        F. 

% 

M. 

F. 

7,215 
23.832 
29,813 
34,406 
34,837 
85,223 

% 

7H 
8tj 
<8 
7H 
77 
77 

i  1871 
1890 

1       1895 

1  1896 
1897 
1898-9 

1 

1,396 
1,227 
2,424 
2,747 
2,605 
2,711 

9.675 
12,365 
20,108 
21,094 
20,749 
20,049 

607       1        6,410 
2,609       '      11,497 
2,208            18,987 
2,317       ;      21,413 
2,681       '      24,310 
2,745       1     25,670 

90 

81-5 

90 

90 

90 

90 

1,999 
6.017 
8,292 
9,616 
10,282 
10,424 

- 

Hats  and  Caps 

M. 

1 
P.         i 

6.031 

% 

'      1871 

5,051 

67 

;       1890 

9,937 

9,68H 

49 

1       1895 

10,217 

10.699     , 

51 

1896 

9,987 

9,818     1 

60 

1897 

10,610 

10.277 

49 

1     1898-9 

10,601 

10,148 

49 

Haberdashery 

Boots  and  Shoes 

M.               P. 

% 

11.387 

^-     i 

% 

1        _ 

6,914     1 

38 

2,797 

13,517 

83 

34,660 

13,732 

28 

4,627 

26.149 

86 

59,384 

23,420 

28 

4,904 

25,926 

H4 

60.881 

23,929 

3U 

4.398 

26,911 

86 

63.926 

26,060 

29 

4,760 

29,677 

86 

67,600 

28,025     j 

29 

All  nothing  • 


F. 


The  above,  omitting  Haberdashery 

M.  j  F.  I      % 


1871 
1890 
1896 
1896 
1897 
189S-9 

57,077 
87,048 
90,385 
94,927 
99,595 

84.331 

1      128,892 

186,488 

1 

1      143,429 

149,128 

60 
60 
00 
60 
i      CO 

j           1871 
1          1890 

The  above, 

20,440 
64,450 

35,908        '     63-7 
71,114         1     56-6 

omitting  Haberdashery  and  Boots 
and  Shoes 

- 

M. 

F.      ;    % 

1871 
1880 

9,063 
19,790 

28,994        1     76 
57,382        1     74-4 

It  is  not  possible  to  separate  the  numerous  causes  which  led  to  the 
change  of  relative  numbers  between  1871  and  1890.  The  rapid  growth 
in  number  of  boot  factories,  with  their  small  proportion  of  women, 
causes  part  of  the  fall  in  that  period. 


(J)  and  (f/)  When  Work  is  taken  over  by  Unrestricted  Persons  or  Machinery^ 

If  the  restriction  of  women's  hours  can  only  be  met  by  carrying  on 
their  work  without  them,  employers  are  generally  put  to  considerable  ex- 
pense, and  every  effort  is  made  to  reduce  the  amount  of  overtime  (see 
previous  references)  or  to  introduce  machinery  to  do  the  work.  There 
are  probably  many  cases  where  the  necessary  re-arrangement  of  work  has 
given  an  impetus  to  the  use  of  machinery  ;  but  the  Committee  has  only 

>  Inclading  some  small  items,  not  contained  in  the  adjoining  tables* 
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heard  of  two  instances  where  the  invention  and  introduction  of  a 
machine  can  be  directly  traced  to  this  cause.  One  of  these,  the  folding- 
machine  in  Derby,  has  already  been  dbcussed.  The  other  is  from  the 
tinplate  industry  6i  South  Wales.  In  finishing  tinplates  it  is  necessary 
to  bran  or  rub  thera  before  they  cool,  and  this  is  women's  work.  The 
whole  process  of  manufacture  is  carried  on  day  and  night,  and  before 
regulation  women  used  to  work  on  night  shifts  as  well  as  men.  This  was 
forbidden  by  the  Act  of  1867,  but  apparently  the  prohibition  did  not 
begin  to  be  effective  till  after  the  Act  of  1878,  and  night-work  for  women 
lingered  on  in  some  cases  till  1885.  The  first  general  method  of  over- 
coming the  various  serious  difficulties  thus  caused  was  to  employ  young 
men  (over  eighteen  years  old)  by  night,  while  the  women  worked  by  day. 
This  proved  too  expensive,  and  then  a  method  was  invented  of  keeping 
the  plates  hot  by  steam  jets  till  the  women  came  in  the  morning  to 
finish  them  ;  but  too  much  space  was  necessary  for  branning  them  all  day, 
and  the  expense  was  considerable.  Then  attention  turned  to  "the 
possibilities  of  machinery,  with  the  result  that  a  cleaning-machine  i^vas 
invented  (about  1893),  so  that  by  1898  we  are  told  that  ^  *  the  introduc- 
tion of  labour-saving  machinery  in  the  finishing  branches  of  the  tin- 
plate  industry  has  led  to  a  great  dislocation  of  manual  labour.  The  new 
machines  are  attended  to  by  boys,  who  are  employed  on  the  system  of  day 
and  night  shifts  ^  and  the  system  of  eight-hour  shifts,  and  as  a  conse- 
quence female  labour  in  the  tin-houses  is  rapidly  becoming  a  thing  of  the 
past.* 

We  have  no  means  of  determining  the  number  thus  displaced,  but  the 
following  figures  afford  some  information  : — 

Number  of  Persons  engaged  in  the  Manufacture  of  Tinplate  Goods, 


Year 


Glamorgan  {  Monmouth 


Male  Female         |  Male 


Female 


There  has  been  a  further  effect,  in  that  lads  on  entering  the  trade  now 
begin  in  the  finishing  department,  and  are  said  to  become  more  useful 
workmen  through  knowing  all  the  processes  of  the  manufacture. 

It  seems  generally  admitted  that  the  Acts,  which  at  first  threatened 
the  welfare  of  the  industry,  have  distinctly  made  for  efficiency  and  cheap- 
ness ;  and  at  no  time  (till  the  McKinley  tariff)  was  there  any  check  in  the 
progress  of  exports  of  tinplates. 

Some  hand-branning  is  still  done  by  girls  by  day,  but  this  is  diminishing 
in  consequence  of  the  requirements  for  mechanical  removal  of  the  dust. 

{h)  Neio  Occupations  for  Women, 

It  is  suggested  that  women  are  prevented  from  taking  positions  of  re- 
sponsibility, and  from  taking  advantage  of  the  possibilities  of  new  skilled 

»  Factory  Inspector's  Report,  1898,  p.  53. 

'  Boys  over  fourteen  are  allowed  to  work  at  night  In  this  occupation. 
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occupations,  by  their  restriction  from  working  extra  hours  at  tiroes  of 
pressure  ;  but  no  specilic  cases  are  given,  and,  considering  that  it  is  rare 
that  work  is  carried  on  more  than  sixty  hours  a  week,  or  that  women  can 
work  efficiently  for  longer  hours,  any  effect  in  this  direction  must  be  very 
small.^ 

Section  V. — Effect  on  Women^s  Rates  of  Wages  atid  Total  Earnings, 

A  clear  distinction  must  be  made  between  changes  of  rates  per  hour 
or  per  piece,  and  changes  in  total  weekly  earnings  ;  a  second  line  of 
division  is  between  changes  which  took  place  immediately  after  the  coming 
into  force  of  an  Act,  and  the  change  that  may  be  observed  after 
sufficient  time  had  elapsed  to  allow  a  return  to  equilibrium  ;  and,  thirdly, 
in  cases  where  greater  regularity  week  by  week  has  followed  restriction, 
we  need  to  know  how  monthly  and  annual  earnings  have  changed. 

It  may  be  said  at  once  that  neither  theory  nor  evidence  enable  us  to 
decide  whether  earnings  increase  or  decrease  after  restriction. 

We  will  first  look  at  it  theoretically.  The  following  circumstances 
would  tend  to  produce  a  fall :  the  substitution  of  other  labour  or 
machinery  (in  rates  and  earnings) ;  the  diminution  of  the  product  in  pro- 
portion to  the  time  cut  off  (in  earnings,  probably) ;  the  spreading  the 
same  output  more  regularly  among  the  same  workers  (in  earnings,  but 
only  if  overtime  had  been  paid  at  a  higher  rate).  The  following  circum- 
stances would  tend  to  produce  a  rise  :  the  attempt  to  produce  the  same 
output  in  a  shorter  time  by  workers  of  the  same  class,  causing  a  demand 
for  more  workers  (in  rates,  earnings  might  fall  or  rise)  ;  the  diminution 
of  the  product,  increasing  the  demand  for  it  relative  to  the  supply  (in 
rates)  ;  the  greater  efficiency  of  the  worker  caused  by  the  regulation  of 
hours  (fall  in  piece- rates,  rise  in  time- rates,  and  in  both  cases  rise  in 
earnings) ;  the  more  rapid  output  per  hour  caused  by  the  attempt  to  make 
the  same  earnings  in  the  shorter  time  ;  the  greater  demand  for  women 
workers  caused  by  the  introduction  of  machinery. 

Together 'with  these  we  may  put  the  other  well-known  arguments, 
which  connect  efficiency  with  a  diminished  duration  of  weekly  work,  and 
the  general  problem  of  discovering  for  each  class  of  labour  the  time  in 
which  the  product  (and  in  the  long  run  the  earnings)  is  a  maximum. 

From  this  brief  analysis  it  is  clear  that  it  cannot  be  said  d  priori 
whether  either  rates  or  earnings  will  rise  or  fall  after  restriction.' 

Nor  can  statistical  evidence  help  us  to  a  certain  and  general  conclu- 
sion, for  the  effect  of  legislation  is  in  most  cases  very  much  less  than  that 
of  many  other  concurrent  events.  If  we  had  evidence  of  specific  change 
in  a  particular  industry,  it  would  tell  us  nothing  of  indirect  effects  possibly 
counterbalancing,  and  general  statements  of  change  would  need  to  be  of 
a  completeness  and  detailed  character  quite  impracticable  to  obtain,  before 
they  would  support  definite  conclusions. 

Under  these  circumstances  the  Committee  can  only  record  the  particular 
facts  as  to  date  and  nature  of  change  that  have  come  under  their  notice, 
without  drawing  any  but  negative  conclusions. 

*  The  number  of  women  who  manage  laimdriee  can  be  shown  to  be  increaiing  by 
the  figures  giv«a  in  Appendix  II.  below.    See  also  the  report  on  Coventrj. 

^  Of  coarse,  a  particular  operative,  who  finds  herself  prevented  from  making  a 
little  overtime  on  a  particular  occasion,  does  not  see  either  that  there  may  be  no 
ultimate  loss  to  her,  or  that  if  she  loses  her  companions  may  gain. 
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In  Mr.  Wood's  paper  in  the  Journal  of  the  Royal  Statistical  Society 
(June  1902)  and  in  the  Appendix  to  *  A  History  of  Factory  Legislation  ' 
are  tabulated  all  the  known  published  statistics  (supplemented  by  private 
research)  bearing  on  this  question.  The  figures  lead  clearly  to  the  conclu- 
sion that  no  permanent  fall  in  wages  can  be  connected  with  restrictive 
legislation,  while  in  many  cases  a  rise  is  recorded  at  the  time,  if  any,  when 
the  legislation  might  have  caused  a  foil.  These  figures  are  important  in 
that  they  show  that  restrictive  legislation  is  not  inconsistent  with  rising 
wages,*  but  of  course  they  do  not  show  whether  it  furthered  or  hindered 
that  rise. 

Our  investigators  have  furnished  us  with  a  quantity  of  wage  statistics, 
but  many  are  not  of  a  nature  to  throw  light  on  this  question.  In  the 
textile  industries  (cotton,  wool,  carpets  at  Kidderminster^  and  silk  at 
Derby),  when  the  hours  were  reduced  from  60  to  56^  in  1875,  it  appears 
that,  in  general,  weekly  time- wages  were  unchanged  (though  at  Stockport 
they  were  reduced),  and  so  were  piece  rates  ;  in  some  cases  the  piece- 
earners  were  able  at  once  to  get  up  to  their  former  earnings,  in  other  cases 
it  took  some  time  ;  but  the  depressed  state  of  trade  which  marked  the  late 
seventies  made  the  time-limit  practically  inoperative  for  some  years.'-' 
Similar  results  seem  to  have  followed  in  1902,  when  working  hours  on 
Saturday  were  reduced  by  one. 

In  the  Bristol  boot  trade  no  permanent  effect  is  reported  ;  in  North- 
amptati  piece-workers  are  said  to  make  as  much  as  before  in  shorter 
hours  ;  no  direct  result  has  been  found  in  SJi^jffield  or  Nottingham. 

The  experience  of  a  merino  factory  in  Nottinghamshire  is  very 
interesting  :  •  The  reduction  of  hours  in  1875  did  not  reduce  wages.  The 
men  and  girls  at  first  asked  for  a  rise  of  piece  prices  as  compensation  for 
an  anticipated  loss.  The  employer  promised  to  consider  it  in  a  while,  if 
the  loss  actually  took  place  and  became  permanent.  In  four  weeks  it  was 
found,  however,  that  earnings  were  equal  in  56^  hours  to  what  they  had 
been  in  the  previous  60-hour  week.  To  the  employer  there  was,  in  the 
winter,  an  actual  gain,  as  the  same  work  being  done  in  3^  hours  less,  and 
the  hours  not  worked  being  taken  off  the  evening  when  artificial  light  was 
needed,  less  gas  was  burnt.'  The  same  firm  reduced  to  55^  hours  volun- 
tarily in  1900,  and  again  no  loss  was  occasioned  to  the  operatives. 

Mr.  Henderson^  reports  on  the  application  of  the  Act  of  1867  in 
London.  In  factories,  he  says,  work  is  generally  paid  by  piece,  and  the 
operatives  made  up  to  the  same  total  in  shorter  hours.  A  manu&cturer 
of  artificial  flowers  told  him  that  he  got  as  much  work  out  of  the  hands 
of  his  workpeople  in  10^  hours  as  formerly  in  12  or  14,  and  saved  i^30 
in  one  season  on  his  gas-bilL  Mr.  Henderson  says  that  he  knows  of 
many  similar  cases.  Concurrently  with  the  application  of  the  Acts  in 
London  (1867-77),  there  was  a  great  increase  in  the  demand  for  labour 
and  a  rapid  rise  of  wages  in  London  ;  this  rise  was  greatest  to  those  who 
came  *  under  the  protection  of  the  Factory  Acts,  namely  women,  young 
persons,  and  children.' 

*  In  the  last  part  of  Appendix  I.  below,  a  case  is  given  where  packers  in  a 
laundry,  whose  class  of  work  was  specially  afifected  by  the  Acts,  had  obtained  a 
greater  increase  of  wages  than  any  other  class  of  workers  in  the  same  laundry. 

'  Factory  Intpcetor'i  JEUport^  April  1875,  p.  31  (where  an  opinion  contnuy  to  that 
just  given  is  to  lie  found),  and  pp.  65,  67 ;  April  1876,  pp.  57,  65,  98 ;  7&rks,,  Lanes., 
Jdddirminster, 

»  IHd.,  April  1877,  pp.  21,  22,  23. 
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In  1869  Mr.  Baker  reports '  that  the  application  of  the  1867  Act 
(presumably  to  Birmingham)  had  caused  a  diminution  of  time  wages  at 
any  rate  temporarily,  but  that  piece  earnings  were  seldom  diminished. 
As  has  been  mentioned  above,  the  hours  in  Birmingham  are  now  in 
general  well  below  the  legal  maximum. 

Except  for  a  few  complaints  as  to  the  abolition  of  the  possibility  of 
payment  for  overtime,  which,  as  has  been  pointed  out,  by  no  means  prove 
any  loss  of  earnings,  and  which  are  more  than  counterbedanced  by  gratitude 
for  the  shorter  hours,  the  Committee  have  no  record  (other  than  those 
already  mentioned)  of  any  loss  of  wages  or  earnings  traceable  to  the  Acts  ; 
nor  have  they  definite  evidence  of  any  gain,  which  (if  it  accrued),  would 
be  due  to  influences  which  take  time  to  produce  effect,  and  whose  action 
would  be  indistinguishable  from  that  of  other  causes. 

Section  VI. — Effect  on  the  Efficiency  of  Women  as  Industrial  Agents. 

Under  this  heading  there  is  little  to  report,  for  it  h  not  often  possible 
to  distinguish  the  causes  which  may  have  led  to  efficiency.  Many  who 
say  that  the  Acts  have  benefited  women's  health  refer  chiefly  to  the 
clauses  relating  to  health  and  sanitation,  which  have  no  doubt  had  many 
important  effects,  but  affect  men  equally  with  women. 

Very  many  employers  say  that  overtime  on  one  evening  has  the  effect 
of  tiring  the  women  so  as  to  spoil  their  next  day's  work  ;  and  there  are 
many  instances  (to  most  of  which  references  have  already  been  given) 
where  a  shortened  or  more  regular  week  has  resulted  in  a  better  output 
per  worker.  So  far  as  legislation  has  furthered  the  reduction  of  hours  to 
the  period  of  greatest  output,  it  has  promoted  efficiency ;  and  in  many 
cases  the  Acts  have  only  made  generally  compulsory  what  the  firms  with 
most  capital  and  best  management  had  already  practised. 

In  laundries  {London  and  Yorkshire)  and  smaller  workshops  (York- 
shire), in  printing  (Bristol),  in  the  boot  trade  (Bristol),  it  is  said  that  the 
workers  are  of  a  better  class  than  in  the  days  of  non-regulation.  To 
what  extent  this  is  due  to  an  improvement  in  the  girls  from  the  same 
social  stratum,  and  to  what  to  the  employment  of  girls  from  a  higher 
stratum  (as  is  sometimes  alleged),  it  seems  hardly  possible  to  obtain 
evidence. 

Some  of  our  informants  say  that  the  work  (in  the  Potteries)  or  tbe 
moi-al  standard  of  the  class  (in  some  laundries)  has  not  improved. 

Section  VII. — Effect  on  the  Efficiency  of  Industrial  Processes  in  general. 

Here  again  evidence  cannot  be  conclusive. 

There  is  a  general  consensus  of  opinion  that  overtime  is  wasteful  and 
expensive,  entailing  higher  wages  and  fixed  expenses  for  inferior  work,*^ 
and  hence  its  diminution  tends  to  efficiency.  Very  few,  indeed,  seriously 
desire  to  increase  the  length  of  the  week's  work,  and  many  by  their  action 
'  have  shown  that  it  is  best  kept  below  the  legal  maximum. 

On  the  other  hand,  where  the  occasional  pressure  is  of  a  kind  that 
cannot  be  removed,  as  sometimes  in  dealing  with  perishable  materials, 
issuing  magazines  d^.,  the  expense  of  keeping  large  additional  plant  to 

>  Factory  Inspector's  Beport,  October  1869,  p.  153. 

'  This  is  not  inconsistent  with  the  desire  of  some  eroplojeiB  to  work  overtime 
under  special  pressure  or  to  meet  onregulated  oompetition. 
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save  a  few  evenings'  overtime  tends  to  inefficient  employment  of  capital, 
and  iu  those  cases  (rare,  if  they  indeed  exist)  where  women  could  work 
overtime  without  injury  and  more  expensive  labour  has  to  be  used  in 
their  stead,  there  is  also  inefficiency. 

When  restriction  has  promoted  the  factory  system  or  encouraged  the 
invention  of  machinery,  it  has  in  several  cases,  already  instanced,  hastened 
the  use  of  the  most  efficient  processes. 

Any  restriction  of  employment,  whether  due  to  legislation,  Trade 
Union  action,  or  the  necessities  of  machine  production,  which  enforces  a 
uniform  time  of  work  on  all,  is  certain  to  press  differently  on  different 
persons.  There  will  be  some,  of  exceptional  strength,  to  whom  the 
existing  limitation  of  hours  will  act  as  a  check.  The  strong  or  skilful^ 
however,  are  likely  to  find  their  way  into  industries  where  their  strength 
or  skill  will  have  sufficient  play  ;  and,  where  piece-wages  are  the  rule, 
nearly  everyone  can  produce  his  or  her  maximum  output,  though  the 
time  is  restricted.  Others  can  find  activities  out  of  hours  in  non-industrial 
pursuits.  Few,  perhaps,  will  argue  seriously  that  55^  hours  in  textiles, 
or  60  hours  in  other  industries  (and  with  overtime  allowed  of  45  to  75 
hours  a  year),  is  too  short  a  time  for  a  woman  to  exhaust  her  productive 
capacity.  If  they  do,  they  must  blame  the  general  tendencies  which  force 
workers  to  labour  together,  rather  than  legislation. 

Concltision, 

NoTB. — In  the  following,  by  the  Acts  is  meant  those  parts  of  the 
Factory  Acts  which  subject  the  work  of  women  to  regulations  which  do 
not  apply  to  men  (see  p.  317,  above). 

The  Committee  are  unanimous  in  expressing  the  following  opinions^ 
subject  to  the  reservation  noted  below  : — 

1.  The  Factory  Acts  have  reduced  weekly  hours  of  work  in  some 
cases  and  regularised  them  in  many,  and  have  nearly  abolished  night 
work  for  women. 

2.  The  maximum  allowed  is  in  general  greater  than  the  number  of 
hours  worked  by  men  in  trades  regulated  by  agreement  between  em- 
ployers and  Trade  Unions. 

3.  In  some  cases  legislation  has  enforced  the  custom  of  the  better 
managed  firms,  in  others  it  has  made  compulsory  hours  that  would  not 
have  obtained  otherwise. 

4.  In  nearly  all  cases  employers  admit  that  the  normal  hours  allowed 
are  sufficient,  and  welcome  the  restriction  ;  frequently  the  hours  actuallj 
worked  are  less  than  those  allowed. 

5.  Employees,  so  far  as  their  opinions  have  been  gathered,  are 
unanimous  in  approving  the  restriction  to  the  maximum  allowed. 

6.  But  for  the  compulsory  restriction  the  hours  would  often  be 
lengthened  against  the  will  of  the  majority  of  all  concerned. 

7.  The  Acts  have  had  considerable  effect  in  spreading  work  more 
uniformly  through  the  week,  month,  or  year,  where  there  is  occasional 
pressure. 

8.  In  the  great  majority  of  cases  there  is  approval  of  or  acquiescenoe 
in  the  restriction  of  overtime  ;  but  in  some  few  cases  greater  elasticity  in 
arranging  hours  of  work  and  the  removal  of  the  prohibition  of  overtime 
is  urgently  desired  by  emjployers. 

9.  It  appears  that  in  a  small  minority  of  coses  the  partial  removal  of 
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the  prohibition  of  overtime  authorised  by  the  Acts  ^  tends  to  economy 
and  greater  ease  of  production  without  overworking  the  employees, 
particularly  where  occasional  times  of  pressure  follow  periods  of  slackness 
and  in  the  other  cases  contemplated  by  the  Acts.  There  is  great  danger 
of  any  relaxation  being  abused,  but  when  trial  has  shown  that  overtime 
cannot  be  altogether  abolished  (as  e,g,  where  there  is  actual  employment 
of  more  expensive  labour  to  carry  on  work  which  women  are  prevented 
by  law  from  doing)  the  authorities  should  give  careful  consideration  to 
the  circumstances  of  the  case.  The  Committee  have  not  enough  evidence 
to  recommend  relaxation  in  any  particular  case. 

10.  There  are  very  few  cases  whei^e  women's  labour  has  actually  been 
displaced  by  restriction, 

11.  The  information  as  to  the  general  demand  for  women's  labour 
does  not  show  any  appreciable  change  that  can  be  traced  to  the  Acts, 
but  the  statistics  are  of  such  a  nature  that  a  change  might  easily  escape 
observation. 

12.  Women  have  lost  some  opportunities  of  overtime,  but  it  is  very 
doubtful  whether  either  the  total  number  of  hours  worked  or  the  total 
earnings  made  have  been  diminished  in  any  important  cases. 

13.  There  is  no  conclusive  evidence  that  the  course  of  either  rates  of 
wages  or  earnings  has  or  has  not  been  affected  appreciably  in  conse- 
quence of  the  Acts. 

14.  As  regards  rates  of  wages  and  the  allocation  of  work  between 
men  and  women  the  Acts  are  at  the  utmost  among  the  less  important  of 
the  determining  factoi-s. 

15.  The  Acts  have  in  some  industries  exerted  a  small  but  steady 
pressure  in  favour  of  the  more  efficient  and  of  the  larger  factories  or 
workshops. 

16.  In  a  few  cases  legislation  has  hastened  the  introduction  of 
machinery  and  of  new  arrangements  of  work  which  have  promoted 
efficiency  of  production,  even  where  some  hardship  or  inconvenience  has 
been  caused. 

17.  There  is  some  evidence  that  the  regularisation  of  hours  has  pro- 
moted the  efficiency  of  women  as  productive  agents. 

18.  In  some  important  industries  as  a  whole,  and  in  some  processes 
in  others,  the  limitation  of  women's  time  has  caused  a  limitation  of  men's 
work,  but  the  hours  even  thus  limited  are  still  more  than  those  which 
obtain  in  the  majority  of  organised  men's  trades. 

19.  There  appears  to  be  a  falling  off  in  the  relative  number  of  elderly 
women  returned  as  occupied.  It  is  expedient  that  in  considering  legis- 
lative measures  care  should  be  taken  not  to  diminish  any  desirable  oppor- 
tunities for  their  employment,  but  so  far  no  want  of  employment  has 
been  traced  directly  to  the  Acts. 

20.  The  Acts  may  have  caused  some  inconvenience  and  perhaps  liard- 
«hip  in  special  cases,  in  the  main  of  a  temporary  character  ;  the  better 

*  Since  1878  a  Secretary  of  State  has  had  power  to  extend  the  permiesion  to  work 
x)vertime  to  any  class  of  non-textile  factories  or  workshops  where  certain  defined 
special  circamstances  make  it  necessary.  The  Act  of  1901  diminished  the  number 
iof  evenings  on  which  overtime  may  be  worked  from  48  to  30  per  annmn  for  feasonal 
trades  and  from  60  to  60  for  work  on  specified  perishable  articles,  bat  gave  the 
Secretary  of  State  additional  power  to  prescribe  conditions  upon  which  fish  and  fruit 
preserving  and  creameries  may  be  exempt  from  the  ordinary  limits  as  to  hoars, 
meal-times,  and  holidays.  #     ^,^,^i^ 
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adaptability  of  the  more  recent  Acts  tends  to  reduce  these  to  unim- 
portance. 

21.  The  benefits  which  the  Acts  have  conferred  are  in  the  long  run 
great  and  out  of  all  proportion  to  any  inconveniences  or  injury  they  have 
caused. 

Note  to  Report.    By  Miss  Heather-Bigg. 

With  the  greater  number  of  the  foregoing  conclusions  I  am  in  com- 
plete agreement,  but  I  cannot,  in  face  of  the  facts  set  forth  in  this  Report 
and  accessible  elsewhere,  admit  that  the  benefit  which  the  Acts  have 
conferred  is  out  of  all  proportion  to  any  inconveniences  or  injury  they 
have  caused.  (Conclusion  21.)  The  statement  would  be  true  enough  if 
made  of  factory  legislation  generally,  but,  limited  as  it  is  by  the  terms  of 
reference  to  those  regulations  only  which  determine  the  hours  and  condi- 
tions of  women's  work,  it  underestimates  the  drawbacks  and  exaggerates 
the  advantage  of  such  regulations. 

With  regard  to  Conclusion  20,  I  would  point  out  that  there  is  no  lack 
of  evidence  to  show  that  inconvenience  and  hardship  have  been  caused 
by  the  Acts.  The  fact  that  many  modifications  in  the  direction  of 
elasticity  have  been  conceded  of  late  years  proves  that  the  hardships 
have  been  recognised  as  substantial  and  of  a  kind  likely  to  recur. 

With  regaled  to  Conclusion  1 9, 1  would  say  that  I  cannot  share  the 
cheerful  optimism  which  hopes  that  some  of  the  falling  off  in  the  employ- 
ment of  women  over  45  may  be  due  to  diminished  need  on  their  part  to 
work  outside  their  homes. 


APPENDIX  L 

In  the  Appendix  are  given  summaries  and  notes  from  the  reports 
received  by  the  Committee.  Those  points  have  been  selected  which  bear 
most  directly  on  the  questions  dealt  with,  and  care  has  been  taken  to 
include  all  adverse  criticisms  of  the  Factory  Acts.  The  general  opinion 
of  the  employers  and  workpeople  questioned  is  given  as  it  appeared  to 
the  investigators.  Some  of  the  reports  included  in  the  list  given  above  do 
not  appear  separately,  because  their  gist  is  included  in  the  tabulation  of 
Sections  I.  to  VII. 

Nottingham. 

{Extraett  from  lUport  hy  Principal  Stmes,  Dr.  Boobbyer,  Mrs.  Dows6n% 
afhd  Miss  Ashwell.) 

Summary^ 

'  All  employers  and  employees  are  agreed  as  to  the  beneficial  effects  of 
the  sanitary  clauses  of  the  Acts,  and  as  to  the  period  of  non-employmeno 
after  childbirth. 

'  Trade  customs  seem  to  have  been  affected  in  Nottingham  to  a  very 
small  extent  by  the  time  restrictions  on  women's  labour.  In  some  cases, 
the  hours  appear  to  have  been  shortened,  but  as  a  general  rule  they  fall 
below  the  limit  enforced  by  Government.  The  customary  working  day 
in  the  majority  of  cases  is  shorter  by  an  hour  than  that  of  the  Acts. 

'The  wages  of  women  have  apparently  been  little  affected  by  the 
Acts.     In  most  cases  they  have  advanced  (the  exceptions  bein^  in  the 
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printiDg  and  in  the  bookbinding  trades).  This  is  apparent]y  because  of 
the  great  and  increasing  demand  for  women's  labour  in  the  particular 
trades  carried  on  in  this  city. 

'There  are  only  two  departments  of  trade  where  men  and  women 
work  at  the  same  employment. 

'  In  both  of  these,  viz.  brass- winding  and  the  working  of  embroidery 
machines,  men  seem  to  have  been  introduced  mainly  because  of  the 
limitations  of  night-work  and  overtime  embodied  in  the  Factory  Acts. 
In  both  the  custom  of  the  trade  has  been  to  employ  women,  and  so  far 
the  displacement  of  women  by  men  has  been  small  (but  is  increasing)  in 
the  first  case,  and  in  the  latter  is  very  slight.' 

In  the  bookbinding  and  printing  trades  hours  are  generally  below  the 
legal  maximum,  but  in  one  or  two  cases  hours  or  overtime  have  been 
reduced,  and  there  is  a  difference  of  opinion  whether  wages  have  been 
prevented  from  rising ;  in  one  firm  it  is  thought  that  wages  per  head 
^ere  reduced,  but  not  piece  rates.  In  printing  there  is  no  competition 
between  men  and  women  ;  one  firm  has  put  in  machinery  because  of  the 
shorter  hours.  In  bookbinding  there  is  little  overtime,  and  married 
women  formerly  employed  give  any  necessary  assistance ;  one  large 
employer  thought  the  Acts  had  lowered  women's  wages  ;  one  overlooker 
attributed  the  lowness  of  women's  wages  relative  to  men's  to  the  fact 
that '  men  could  be  fallen  back  on  in  times  of  stress  and  emergencies,  and 
women  (because  of  the  Acts)  could  not.' 

Lace  manufacturers  and  the  majority  of  dressmakers  work  fewer 
hours  than  the  legal  maximum,  except  in  their  busy  season.  Almost  all 
employers  deprecate  the  use  of  overtime  for  both  men  and  women, 
except  occasionally,  and  then  only  for  very  short  periods ;  yet  they  desire 
more  liberty  (see  Section  I.  above). 

In  general  in  the  lace,  embroidery,  hosiery,  cigar-making,  and 
laundry  trades  all  employers,  without  exception,  regard  factory  legis- 
lation as  distinctly  beneficial  to  women.  Workpeople  generally  were 
also  convinced  of  its  beneficial  effect,  and  indignant  at  the  idea  of  pro- 
tection in  regard  to  houi*s  of  work  being  withdrawn.  Employers  state 
that  the  efficiency  of  women  workers  has  not  materially  advanced.  Most 
consider  that  legislation  has  made  no  serious  addition  to  the  difficulties 
of  management. 

In  the  hosiery  and  bleach  works  no  serious  inconvenience  has  been 
caused  by  legislation,  except  in  certain  cases  when  sufficient  workers  are 
unobtainable  ;  nor  is  the  general  output  lessened,  except  when  workers 
are  scarce  in  interdependent  departments.  On  the  one  hand  it  is  said 
that  restriction  tends  to  raise  wages  by  causing  scarcity  of  labour  ;  on 
the  other  that  more  persons  are  introduced  in  times  of  pressure  than  are 
permanently  necessary,  and  wages  tend  to  fall. 

Sheffield. 
(Extracts  from  JReport  hy  Mr.  G.  I.  H.  Lloyd.) 

Attention  was  paid  specially,  but  not  exclusively,  to  the  distinctively 
Sheffield  trades  connected  with  cutlery,  electroplate,  silver  work,  and  file- 
cutting.  Owing  to  the  nature  of  the  trades  machinery  is  but  slowly 
introduced,  and  its  applications  are  of  a  simple  character.  Only  28  per 
cent,  of  females  over  ten  are  returned  as  occupied  in  1901,  against  39  per 
cent  in  Birmingham.     The  occupations  in  which  the  largest  number  are 
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engaged  are  '  buffing '  {t,e,  polishing  against  a  revolving  wheel),  bumishin^ 
and  polishing  silver  and  electroplate,  and  whetting,  wiping,  and  wrapping 
cutlery ;  while  a  fair  number  are  employed  in  file-cutting  and  cutlery 
work. 

In  the  larger  factories,  where  inspection  is  easy,  a  high  standard  of 
sanitation  is  being  obtained,  hours  are  nearly  always  well  below  the  legal 
maximum  ;  but  under  pressure  of  work  the  prohibition  of  overtime  may 
sometimes  be  a  serious  inconvenience  to  manufacturers,  and  cases  where 
work  is  taken  home  to  be  completed  after  factory  hours  are  not  unknown. 
The  Act  tends  to  encourage  manufacturers  to  equalise  work  through  the 
seasons. 

In  the  numerous  small  tenement  factories,  out- workers,  shops,  &c.,  the 
conditions  are  not  so  good,  and  a  rigid  insistence  on  compliance  with  the 
provisions  of  the  Acts  is  much  more  needed.  The  contrast  between 
rushes  of  work  and  slack  time  is  much  more  marked,  especially  in 
*  buffing ' ;  here  and  with  cutlery  the  women  do  the  lighter  work  at  very 
low  wages,  oft^en  working  in  '  teams '  of  six  or  ten,  the  team-master  alone 
being  responsible  to  the  employer.  So  far  as  the  enforcement  of  the  Acts 
has  tended  to  improve  the  conditions  of  work  of  this  sort,  and  to  bring 
these  small  shops  up  to  the  standard  of  the  large  firms,  it  may  perhaps 
tend  to  the  discouragement  of  out-work  altogether.  There  is,  however, 
not  much  evidence  for  this  apart  from  the  acknowledged  endeavour  of 
many  of  the  larger  houses  to  get  as  much  of  their  work  done  on  their 
premises  as  possible. 

In  Jvle-cuUing,  machinery  has  for  the  last  fifteen  years  been  steadily 
displacing  hand-work.  Many  hand-cutters  have  now  taken  to  the 
machines,  and  a  few  women  also  have  found  an  employment  on  the  lighter 
machines.  The  number  of  hand  workers  has  greatly  diminished,  and  few 
young  people  are  taking  to  the  trade.  In  1900  Dr.  Robertson  found  546 
workshops  in  which  1,446  males  and  594  females  were  employed ; 
of  the  latter  only  155  were  over  twenty-five  years  old  ;  work  generally 
ceases  on  marriage.  In  addition  there  were  between  200  and  300  home- 
workers,  nearly  all  women,  and  mostly  working  alone  and  depending  on 
their  work  for  their  own  and  in  some  cases  their  families'  support.  The 
regulations  now  coming  into  force  *  will  probably  lead  to  a  large  number 
of  shops  being  closed  and  cause  a  good  deal  of  hardship.  Some  of  the 
single  women  now  renting  a  '*  stock  "  in  a  workshop  will  perhaps  work  at 
home  in  order  to  escape  the  regulations.  Others  may  seek  to  obtain 
exemption  from  the  rules  by  using  block  tin  or  other  substitute  for  the 
lead  bed.*  That  the  trade  will  be  rapidly  killed  there  is  no  reason  to  fear. 
Some  of  the  work  is  too  small  and  tiresome  for  a  machine  to  perform, 
and  much  of  the  work  is  required  in  quantities  too  small  to  make  it  worth 
while  to  adapt  a  machine  for  the  purpose  ;  but  neither  will  the  regulations 
increase  the  proportion  of  in-workers,  as  space  in  a  factory  is  too  valuable 
to  be  used  for  a  purpose  which  gives  so  poor  a  return.' 

Summing  up  the  investigation  : — *  There  has  been  a  noticeable  diminu- 
tion in  the  hours  of  labour  and  in  the  amount  of  overtime  worked  in  busy 
seasons,  for  which  the  Acts  have  largely  been  responsible  ;  regularity  of 
work  has  also  been  encouraged.     Men  have  been  practically  unaffected  by 

^  The  new  rules  are  directed  to  diminish  plumbism,  arising  from  the  use  of  a 
lead  bed  against  which  the  file  ib  held.  There  has  been  considerable  controversy  as 
to  the  actiud  danger  to  different  classes  of  workers  from  this  cause.  * 
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the  r^ulation  of  women's  work.  The  Acts  have  not  directly  mfluenced 
women's  wages  ;  and  they  cannot  be  said  to  have  appreciably  lessened  the 
employment  of  women  or  to  have  modified  the  evolution  of  the  industrial 
processes.  The  efficiency  of  women  has  certainly  been  increased  by  the 
improvement  in  the  general  conditions  of  work.' 

Kidderminster, 
{Corulensed  from  a  Report  hy  Mr.  O.  H.  Wood) 

In  the  census  of  1901  there  were  2,740  females  returned  as  engaged 
in  the  carpet  industry  in  the  town,  and  3,432  females  in  '  other  textiles,' 
which  consist  chiefiy  of  worsted  spinning  for  the  carpet  manufacture^ 
The  number  of  women  engaged  has  increased  rapidly  since  the  introduc- 
tion of  the  *  Royal  Axminster  loom '  in  the  town  in  1878,  which  was 
sufficiently  light  for  women  to  work  ;  previously  they  had  been  confined 
to  the  preparatory  and  finishing  processes.  Though  overtime  is  sometimes 
desired,  employers  have  in  nearly  all  cases  refused  to  employ  men  on  this 
new  loom  ;  men  are  employed  to  prepare,  *  tune,'  and  keep  in  order  the 
looms.  The  factory  carpet  industry  has  grown  up  under  the  Factory 
Acts ;  the  power  carpet  loom  was  not  invented  till  about  1852,  and  till 
then  the  industry  was  domestic.  The  factory  system  was  fally  developed 
before  1874.  The  effect  of  the  Acts  of  1874  and  1901  has  been  dealt 
with  above  in  Sections  I.  and  II.  In  1875  there  appears  to  have  been  a 
general  decrease  of  earnings  both  for  men  and  women,  though  not  propor- 
tionate to  the  reduction  of  hours  ;  it  was  made  up  in  the  course  of  years 
through  gradual  improvements  in  the  machinery.  The  1901  reduction 
did  not  affect  time-workers,  and  the  effect  on  piece-workers  over  the  year 
would  be  inappreciable.  In  one  firm  the  hours  were  only  fifty-  six  before 
1901  ;  since  the  reduction  to  55^  hours  they  have  insisted  on  greater 
punctuality  at  the  start,  and  the  output  has  not  diminished. 

The  demand  for  carpets  is  not  uniform  throughout  the  year,  and  but 
for  the  Acts  the  output  might  fluctuate  more  ;  but  in  any  case  the  manu- 
facturers have  to  keep  a  large  stock. 

The  prohibition  of  overtime  for  women  winders  <kc.  prevents  the  men 
working  overtime  ;  it  \s  with  great  effort  that  the  women  can  get  a  stock 
ready  for  the  men  in  advance.  The  men's  Trade  Union  discourages  over- 
time and  the  employers  find  it  very  expensive,  and  think  that  the  present 
maximum  is  as  long  as  the  women  can  work  efficiently.  The  division 
between  men's  work  and  women's  is  nearly  rigid,  but  on  very  rare  occa- 
sions men  work  overtime  on  women's  looms. 

Coventry  and  Derby. 
(^Conden$ed  from  Reports  by  Mr.  G.  H.  Wood.) 

The  numbers  employed  in  the  sUk  industry  of  Derby  and  of  Coventry 
and  neighbourhood  have  been  decreasing  steadily  for  many  decades  ;  the 
ratio  of  adult  males  to  females  has  not  changed  much.  Manufacturers  do 
not  attribute  the  decline  in  any  way  to  Factory  Legislation.  The  reduction 
of  hours  in  1874  is  said  to  have  affected  earnings  little  ;  that  of  1902  did 
Dot  affect  time-workers  at  all  and  piece-workers  very  little.  The  curtaiU 
ment  of  hpurs  has  hastened  the  improvement  of  machinery  and  pro- 
cesses. 

In  the  elastic  web  manufacture  of  Derby  and  Coventry  employers 
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thought  that  the  legislation  had  been  good  for  the  workers  without  ha\*ing 
much  influence  on  the  industry  ;  but  they  need  to  have  enough  machineary 
to  cope  with  their  maximum  business  in  the  restricted  hours.  The  men 
sometimes  work  overtime  on  work  quite  distinct  from  women's ;  but  the 
men  do  not  like  it,  and  employers  And  it  too  expensive  except  for 
emergencies.  Employers  one  and  all  wished  for  permission  to  work  over- 
time on  a  few  occasions  in  the  year.  Women  have  not  been  displaced 
by  restriction  ;  their  numbers  have  increased,  while  men  have  become 
fewer.  Day -workers  lost  nothing  by  the  reduction  of  one  hour  last  year, 
and  piece-workers  made  up  much  of  it  by  greater  punctuality. 

We  are  inforiiied  on  good  authority  that  *many  coUan  doubling 
factories  work  some  of  their  doubling  machines  at  night,  and  men  work 
the  machines  that  are  operated  during  the  day-time  by  women  and 
girls.  .  .  .  Each  man  seems  to  tend  more  machines  than  a  woman  does  by 
day.'  In  the  lace  manufacture  youths  do  part  of  the  preparatory  process 
at  night  that  is  women's  work  by  day,  when  there  is  night-work  and  the 
women's  processes  have  not  been  carried  out  already  on  a  sufficient 
scale. 

The  cigar  industry  of  Coventry  has  grown  up  under  the  Acts,  and  the 
hours  are  only  fifty  per  week.  The  Acts  appear  not  to  influence  the  trade, 
but  one  employer  thinks  that  seasonal  pressure  might  force  on  undue  over- 
time if  it  were  legal. 

The  cj/cle  industry  employs  an  increasing  number  of  women,  but  the 
hours  are  only  fifty-four  ;  sometimes  they  work  one  hour  more  a  day,  but 
generally  meet  pressure  by  employing  more  hands,  who  are  easily  obtained. 
The  Acts  do  not  hinder  the  women  obtaining  responsible  positions  in 
tyre  manufacture. 

The  toatch-making  in  Coventry  is  becoming  a  factory  and  machine 
industry,  and  the  proportion  of  women  to  men  has  increased  rapidly.  The 
trade  is  regular,  overtime  is  not  required,  and  the  limitation  of  hours  is 
not  felt. 

In  Derby  many  women  are  employed  in  cardboard-box  making.  The 
hours  are  only  fifty-five  per  week,  and  overtime  has  been  found  unneces- 
sary and  expensive,  while  it  spoilt  the  work  on  following  days ;  conse- 
quently enough  machinery  has  been  laid  down  to  cope  with  the  maximum 
demand. 

It  appears  that  in  general  in  Derby  and  Coventry  the  legislation  in 
question  is  no  hindrance  and  indeed  of  little  eflect,  because  most  of  the 
employers  are  well  in  advance  of  the  legal  requirements. 

Tinplate  Manufacture,    {By  Mr.  G.  H.  Wood.) 

The  gist  of  this  report  has  been  included  in  Sections  III.,  IV.,  and 
VII.  above. 

The  Potteries? 

(From  a  Jlejport  hy  Miss  Thornewill.) 

As  a  rule  women's  work  is  distinct  from  men's,  though  work  is  done  in 
a  few  processes  by  either  sex.  Women  act  as  men's  assistants  in  so  many 
cases  that  it  does  not  pay  to  keep  the  works  going  when  they  are  absent. 

>  It  was  thought  inadvisable  to  make  any  extensive  inquiry  in  this  industry ; 
for  on  the  one  hand  so  mnch  information  has  recently  been  published,  on  the  otbef» 
all  concerned  have  been  wearied  with  inyestigations. 
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There  has  been  no  displacement  of  women.  Before  the  time  of  legal 
regulation,  the  hours  were  very  irregular  and  sometimes  very  long.  This 
is  shown  in  the  Children's  Employment  Commission  1845.  The  week's 
work  was  sometimes  not  b^un  till  Wednesday  or  Thursday.  This 
irregularity  is  still  shown  in  the  absence  of  the  clockwork  regularity  which 
is  found  in  factory  towns.  In  a  few  cases  the  prohibition  of  overtime  is 
found  troublesome,  but  the  weight  of  the  evidence  went  to  prove  that  the 
restrictions  as  to  hours  had  done  good  all  the  way  round,  making  the 
work  feir  more  regular  and  more  evenly  distributed.  Though  the  regulari- 
sation  of  hours  has  diminished  intemperance,  thera  is  not  much  evidence 
of  the  improvement  in  domestic  life  that  might  have  been  expected. 

Paper-making  and  South  London  Industries.    {By  Miss  B.  L.  IIuxcHlNS.) 

The  important  relevant  facts  given  in  these  reports  has  been  included 
in  the  text  of  Sections  I.-VII.  above. 


Liverpool. 

As  Miss  Harrison's  report  is  issued  as  a  separate  pamphlet,^  in  accord- 
ance with  the  regulation  of  the  Jevons  scholarship,  its  essential  points 
have  been  included  in  the  earlier  part  of  this  report,  and  the  details  need 
not  be  given  here. 

Printing  and  Bookbinding. 

In  this  case  also  a  full  report  is  expected  to  be  published  very  soon  ; 
the  notes  on  which  it  is  based  have  been  lent  to  the  Committee  and  have 
had  their  full  share  in  Sections  I.-VII.  above. 


Glasgow  and  South  Scotland, 
{Notes  from  Hiss  Ibwin's  reporti^  held  orerfrcm  last  ye%r.) 

As  regards  the  ieoctUe  industries  of  the  South  of  Scotland,  employers 
did  not  consider  that  the  Acts  had  handicapped  them,  but  thought  that 
their  restriction  was  beneficial. 

The  hours  for  laundries  in  Glasgow  were,  before  the  1895  Act,  very 
long  and  exhausting,  and  employers  and  operatives  expressed  a  desire  for 
legislation.  The  working  of  the  Act  has  been  hindered  greatly  by  the 
elasticity  allowed  in  the  time-table.  Long  hours  are  still  (1901)  worked 
in  small  domestic  laundries  exempt  from  control. 

Tailoring  trade  of  Glasgow. — ^The  enforcement  of  the  Acts  has  effected 
a  much  needed  reform  by  regulating  the  hours  worked  in  factories.  The 
effect  on  out- work  has  been  dealt  with  above  in  Sections  I.  and  III.  No 
change  of  wages  has  been  traced  to  the  Acts,  except  that  one  employer 
raised  wages  to  compensate  for  the  cessation  of  out-work,  and  no  dis- 
placement of  women  has  been  found ;  on  the  contrary,  the  numbers 
employed  have  greatly  increased  in  recent  years.  It  is  generally  stated 
that  women's  health  and  eccmomic  and  social  eflBciency  have  been  much 
improved  by  the  legal  regulation  of  their  hours  of  labour. 

*  WomefCslndiistrits in  Liverpool:  an  Inquiry  into  the  EcoTiomic  Effect* of  Legis^ 
Uttion  regulating  the  Lahowr  of  Women.    Liverpool  University  Press. 
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Tttihring  in  London, 

[From  Information  communicated  by  a  Committee  of  the  Womcn^t  Industrial 
Council^  London.) 

Investigation  was  made  in  the  neighbourhoods  of  Regent  Street,  Soho, 
Cheapside,  Whitechapel,  Borough  Boad,  and  to  a  less  extent  in  other 
districts.  It  is  thought  that  the  inquiry,  though  necessarily  incomplete, 
has  led  to  facts  typical  of  the  regions  dealt  with.  115  employers  and  56 
workers  or  more  have  been  seen  or  communicated  with,  belonging  to 
many  different  branches  of  the  industry,  but  only  a  small  minority  could 
give  information  bearing  on  Factory  legislation.  Of  12  factory  employers 
who  answered  the  question,  all  held  that  women  were  not  handicapped  in 
obtaining  employment,  10  being  emphatic  on  the  point.  Of  5  workshop 
employers,  1  thought  that  employment  was  to  some  extent  restricted, 
since  the  women  cannot  help  in  time  of  pressure  ;  3  were  clear  that  the 
Act  was  no  hindrance,  and  the  other  was  less  certain.  Four  smaller 
employers  strongly  approved  the  Acts,  but  1  of  them  thought  they  handi- 
capped women.  Of  14  workers  who  gave  answers,  2  thought  there 
was  some  hindrance,  4  were  doubtful,  8  said  that  there  was  no  effect 
Of  10  employers  in  retail  shops,  8  thought  there  was  no  hindrance,  and 
2  that  there  was  some.  Thus  out  of  a  total  of  45  persons,  6  thought 
that  women  were  handicapped,  but  3  of  these  nevertheless  approved  the 
restriction.  Several  said  that  there  was  no  competition  between  men  and 
women.  The  investigators  are  of  opinion  that  the  line  of  demarcation  is 
nearly  rigid ;  where  there  is  an  alteration  of  numbers,  it  means  a  re- 
arrangement of  processes,  which  comes  about  quite  independently  of 
legislation.  One  vest  hand  said  that  she  did  not  take  apprentices,  partly 
because  that  would  bring  her  under  inspection  and  regulation. 

As  regards  hours,  the  detailed  evidence  supports  the  statement  that 
the  hours  are  less  than  the  legal  maximum  in  factories,  equal  to  it  in 
workshops,  and  more  for  home-workers  ;  but  the  hours  worked  at  home 
vary  greatly  from  time  to  time.  There  is  a  certain  amount  of  evidence 
that  the  restrictions  as  to  hours  are  not  always  observed  in  workshops, 
especially  the  regulations  as  to  the  length  of  intervals  for  meals. 

Most  of  the  employers  deny  that  they  give  out  any  work  ;  one  some- 
times gives  the  girls  work  *  to  take  home  to  their  mothers,  or  if  a  girl 
•cannot  come  the  next  day,  she  is  given  a  little  to  do  at  home  instead.' 
But  of  15  workers,  who  answered  the  question,  7  took  work  home,  2 
of  them  but  rarely. 

Remarkable  unanimity  was  found  among  employers  and  employees  in 
-general  approval  of  the  Factory  Acts,  and  the  few  objections  that  were 
made  were  not  to  the  provisions  specially  affecting  women.  Several 
employers  maintained  that  when  girls  have  worked  the  legal  maximum 
they  are  not  capable  of  more.  One  tailoress,  who  worked  at  home,  said 
that  it  *  is  far  better  to  work  in  workshops  where  the  Factory  Acts  take 
effect,'  so  as  to  have  regular  hours.  *  In  fact,  the  evidence,  such  as  it  is, 
is  favourable  to  the  Factory  Act,  and  gives  no  ground  for  supposing  it 
constitutes  any  real  grievance.' 
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London  Indwtrus  in  General  and  West  London  Laundries, 
{t^om  notei  eommunioatel  by  Mrs.  Bosanqubt). 

'  In  London  legislation  has  certainly  induced  considerable  change  of 
custom,  especially  as  regards  conditions  of  work,  which  in  many  cases  are 
notably  improved.  Conditions  only  obtaining,  if  at  all,  in  the  best- 
managed  firms,  have  been  made  compulsory  upon  all,  a  process  of  levelling 
up.  Notably  in  the  laundry  trade  I  have  observed  this.  The  laundries 
which  come  within  the  scope  of  the  Act  are  healthy,  airy,  pleasant 
places ;  the  floors  are  well  drained  ;  the  women  no  longer  stand  to  work 
in  water,  ventilators  keep  the  air  fresh ;  and  the  work  is  far  more 
regular  than  formerly,  though  there  is  still  great  pressure  at  times,  and 
consequent  overwork. 

*  I  believe  it  to  be  the  case  that  since  fur-work  has  been  scheduled 
under  the  sections  regulating  out- work,  it  ia  being  carried  on  more  in 
factories,  and  less  as  home-work.  Opinions  will  differ  as  to  whether  this 
is  a  good  result.  In  view  of  the  extreme  unhealthiness  of  the  work  in 
the  homes,  I  am  inclined  think  that  it  is. 

*  Legislation  has  certainly  affected  the  hotira  worked  by  women  in  the 
laundries  and  other  industries  which  come  under  the  Acts.  I  know  of  no 
direct  effect  upon  wages,  except  in  so  far  as  laundry  workers,  being  a 
more  sober,  steady  set  of  women  than  formerly,  are  certain  to  earn  more. 

*  I  think  it  likely  that  indirectly  the  Factory  Acts  have  encouraged  tho 
introduction  of  machinery  into  laundries.  Many  of  the  older  set  of  workers 
object  to  the  restrictions  in  a  modem  laundry,  and  employers  are  finding 
a  difficulty  in  getting  suflicient  trained  ironers.  Concurrently  there  is 
considerable  increase  in  the  extent  to  which  ironing  machines  are  used. 
One  woman  minding  a  machine  can  do  more  work  than  several  by  hand  ; 
moreover,  being  less  skilled  and  far  less  laborious  work,  it  is  less 
highly  paid.  To  this  extent  one  might  say  that  tho  rougher  class  of  ironer 
has  been  '  displaced '  from  regulated  into  unregulated  laundries. 

'  I  think  there  is  no  doubt  at  all  that  the  present  generation  ai 
laundry  workers  is  steadier,  more  sober,  more  efficient,  and  in  every  way 
more  to  be  relied  upon  than  the  generation  brought  up  in  the  old  unregu- 
lated laundries.  The  employers  I  have  seen  are  emphatic  upon  this 
point :  their  only  complaint  at  present  is  that  they  cannot  get  enough  of 
the  steadier  women  to  keep  up  with  the  work. 

*  I  know  of  no  substitution  of  men  for  women  owing  to  restrictive  laws. 
I  believe  the  printing  trades  have  been  cited  ;  but  as  a  matter  of  fact  the 
real  obstacle  to  women's  work  in  this  trade  is  the  men's  union,  which 
prevents  their  being  taught  the  higher  kinds  of  work.  Speaking 
generally,  there  is  far  less  rivalry  between  men  and  women  in  industry 
than  is  generally  supposed  ;  they  seldom  do  just  the  same  kind  of  work. 
I  know  of  no  complaints  as  r^ards  restriction  of  hours.  In  inquiring 
among  small  shopkeepers,  e.g.,  1  have  been  surprised  to  find  how  much 
they  were  in  favour  of  restriction  of  hours.  There  is  a  tendency  to 
attribute  loss  of  work  «fec.  to  legal  restrictions ;  e,g,,  a  case  was  noted 
to  me  of  a  young  widow  whose  foreman  dismissed  her  on  the  ground  that 
he  was  compelled  by  law  to  dismiss  women  three  months  before  child- 
birth.    There  is,  of  course,  no  law  to  that  effect.' 

The  main  points  referring  to  West  End  laundries  in  Mrs.  Bosanquet's 
Report  have  been  included  in  Sections  I.  to  VII.  above,  and  the  subject 
is  exhaustively  treated  below.  With  reference  to  them  it  is  remarked  that 
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the  employers  and  employed  accept  the  Acts  as  desirable  and  beneficial  with 
great  unanimity ;  that  their  extension  to  small  laundries,  especially  in  urban 
districts,  is  desirable;  and  that  the  Acts  may  have  favoured  an  increase  in  the 
supply  of  casual  and  partially  employed  labour,  by  making  it  necessary  to 
take  on  more  hands  in  times  of  pressure  instead  of  lengthening  the  hours» 

APPENDIX  II. 

Note  : — Since  laundries  form  an  important  industry  which  has  re- 
cently come  under  the  Acts,  and  in  which  the  process  of  regulaiisation 
•can  be  seen  at  work,  the  Committee  think  it  advisable  to  offer  a  careful 
account  of  the  recent  history  of  the  tradtiu 

EcoTiomic  Effect  of  Legislation  Regulating  Women's  Labour  in 
Laundiies.    By  Miss  A.  M.  Anderson. 

Documents.  Act t  of  Parliament :  Factory  and  Workshop  Acts,  1891,  1896,  and 
1901.  ParlianuntaTy  Beports :  Factory  and  Workshop  Acts  Conunission,  1875, 
Minutes  of  Evidence ;  Royal  Commission  on  Labour,  1893  (Miss  CoUet*s  Report 
on  Employment  of  Women  in  Laundries)  ;  Beports  of  H.M.  Inspectors  of  Fac- 
tories on  Hours  of  Work,  Dangerous  Machinery  and  Sanitary  Conditions  in 
I^aundries,  1894 ;  Annual  Beports  of  the  Chief  Inspector  of  Factories,  1892  to 
1902;  Census  returns,  1901. 

History  and  Summary  of  Legislation, 

The  first  authoritative  recommendation  that  the  Factory  Acts  should 
regulate  laundries  is  contained  in  the  Report  of  the  Commissioners 
appointed  to  inquire  into  the  working  of  the  Factory  and  Workshops  Acts, 
1876  :  '  The  definition  of  work  to  be  regulated  by  the  Act  should  include 
labour  in  or  incidental  to  the  washing,  cleaning,  or  furbishing  any  article.' 

These  words  were  not  added  to  the  words  *  altering,  repairing,  orna- 
menting, finishing,'  in  the  definition  section  of  the  Act  of  1878  (section  93)^ 
and  treatment  of  the  question  was  postponed  until  the  bill  which  became 
law  in  1891  came  under  discussion.  In  that  year  the  proposal  expressly 
to  include  laundries  for  regulation  of  hours  as  well  as  conditions  of 
health  and  safety  was  thrown  out,  and  only  certain  limited  powers  for  the 
Factory  Department  to  intervene  and  set  the  local  sanitary  authority  in 
movement,  as  regards  sanitation  of  laundries,  actually  in  that  year 
became  law.  The  Secretary  of  State  was  empowered  to  make  a  special 
order  authorising  an  inspector  to  take  steps  for  enforcing  the  law  of 
Public  Health  as  to  effluvia,  cleanliness,  ventilation,  overcrowding  in 
laundries,  for  a  specified  period,  if  he  was  satisfied  that  the  provisions  of 
the  law  were  not  observed.  Further,  an  inspector  was  empowered  to 
notify  (without  such  an  order  of  the  Secretary  of  State)  to  the  local 
authority  any  act,  neglect,  or  default  in  any  sanitary  matter  which  ap- 
peared to  him  to  be  remediable  under  the  law  relating  to  Public  Healtk 
(See  Sections  1  and  2  of  1891.)  No  express  powers  were,  however,  given 
to  the  inspector  (such  as  for  factories  and  workshops)  to  enter  and  inspect 
laundries  in  order  to  inquire  whether  such  acts,  neglects,  or  defaults  in 
sanitary  matters  existed ;  so  that  the  powers  to  set  the  law  of  Public 
Health  in  motion  (if  knowledge  had  been  obtained)  remained  necessarily 
inoperative. 

The  evidence  before  the  Eoyal  Commission  on  Labour,  1892-93, 
reopened  the  question,  and  a  renewed  effort  to  bring  laundries  within  the 
scope  of  the  Factory  Acts   was  made  in  1894.      In  1893  the  Chief 
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Inspector  of  Factories  presented  reports  from  his  staff  on  the  result  of 
inquiries  made,  of  employers  and  managers  on  the  one  hand  and  workers 
on  the  other  hand,  and  of  observations  made  in  the  laundries  where  the 
occupiers  permitted  the  inspector  to  enter.  On  those  reports  the  Chief 
Inspector  recommended  inclusion  of  laundries  under  all  the  ordinary 
provisions  of  the  Act  with  regard  to  safety  and  sanitation,  and  with 
r^;ard  to  the  ordinary  hours  of  employment,  with  special  exceptions  for 
liberal  overtime  and  for  elastic  arrangements  as  to  the  weekly  half* 
holiday  ;  at  the  same  time  he  recommended  special  regulation  in  the 
matters  of  use  of  gas-irons,  separation  of  stoves  from  ironing*rooms, 
drainage  of  floors.  As  regards  convent  and  charitable  institution  laun- 
dries, he  recommended  their  inclusion  under  the  law,  but  that  inspection 
should  be  in  each  case  only  on  the  express  instruction  of  the  Chief  In« 
specter. 

The  Act  of  1895,  in  the  event,  included  all  these  recommendations 
except  the  form  of  regulation  for  hours  of  labour  and  those  recommenda- 
tions relating  to  the  convent  and  charitable  institution  laundries.  The 
Act  of  1901,  which  consolidated  and  amended  the  general  law  relating  to 
factories  and  workshops,  merely  repeats,  as  regards  laundries  (after  an 
unsuccessful  attempt  had  again  been  made  in  the  bill  to  treat  laundries 
as  factories  and  workshops),  the  main  provisions  enacted  in  1895,  but 
made  possible  further  control  of  sanitary  conditions  among  '  out- workers ' 
in  this  industry.  This  was  done  by  empowering  the  Local  Authority  (now 
the  District  or  Borough  Council)  to  prohibit  home-work  where  there  is 
infectious  disease,  and  by  providing  for  returns  of  lists  of  out- workers  by 
occupiers  (and  givers  out  of  work)  to  the  Local  Authority. 

The  Rvistttiff  Lena  Regtdating  Laundrits  may  be  Summarised  as  follows  ;— 

Those  laundries  are  covered  by  the  provisions  in  the  Act,  applied 
specifically  or  by  reference  in  Section  103  of  1901,  which  are  *  carried  on 
by  way  of  trade  or  for  purposes  of  gain.'  Certain  laundries  are  expressly 
exempted,  but  there  is  no  definition  of  the  term  laundry.  The  exempted 
laundries  are  those  in  which  the  only  persons  employed  are  :  (a)  Inmates 
of  any  prison,  reformatory,  or  industrial  school,  or  other  institution  for 
the  time  bein^  subject  to  inspection  under  any  Act  other  than  the 
Factory  Act ;  (6)  inmates  of  an  institution  conducted  in  good  faith  for 
religious  or  charitable  purposes ;  (c)  members  of  the  same  family 
dwelling  in  the  laundry  ;  in  these  cases  also,  if  not  more  than  two 
persons  dwelling  elsewhere  are  employed,  the  laundry  remains  exempt 
from  regulation.  The  ordinary  provisions  of  the  law  which  are  applied 
by  reference  in  Section  103  are  those  which  relate  to  sanitation,  safety, 
and  accidents,  affixing  of  prescribed  notices  and  abstracts  and  the  matters 
to  be  specified  in  them  (so  far  as  applicable  to  laundries),  notice  of 
occupation,  education  of  children,  powers  of  Inspectors,  fines  and  legal 
proceedings ;  these  take  effect  as  it  every  laundry  in  which  mechanical 
power  is  used  in  aid  of  the  process  were  a  factory  and  every  other 
laundry  were  a  workshop.  The  age-limit  for  children  (twelve  years)  and 
the  time-limit  for  re-employment  of  women  after  childbirth  (four  weeks) 
are  also  applied.  Laundries  are  further  covered  by  certain  Sections 
relating  to  home-work,  i.e, :  (a)  Power  of  the  Secretary  of  State  to 
•  require  lists  of  out-workers  (Section  107) ;  (6)  penalty  on  occupiers  for 
causing  or  allowing  wearing  apparel  to  be  deanea  in  any  dwelling-house 
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or  building  where  there  is  scarlet  fever  or  small-pox ;  (c)  power  of  the 
District  Council  to  prohibit  home-work  in  cleaning  or  washing  wearing 
apparel  where  there  is  notifiable  infectious  disease.  Section  103  itfelf 
lays  down  for  laundries  classed  as  factories  those  special  sanitary  regula- 
tions as  regards  temperature,  fumes  from  gas-irons,  and  drainage  of  floors, 
which  were  recommended  by  the  Chief  Inspector  in  1893,  above  cited. 

The  special  regulations  limiting  hours  of  employment  for  protected 
persons  in  laundries  (Section  103)  are  : — 

The  Period  of  Employment  Exclusive  of  Meal-hours  and  Absence  from  Work, 


Daily  limit  in  2i  hours 
Weekly  limit     . 


Women 


Yomig  Persons  Children 


14  hoars 
60      „ 
( +  overtime) 


12  hoars 

60  hoars 

(no  overtime) 


10  hoars 
30      „ 


Meal'timea  may  be  fixed  by  the  employer,  but  no  protected  person 
may  exceed  a  five  hours'  spell  of  work  without  an  interval  of  at  least 
half  an  hour  for  a  meal,  and  a  break  of  less  than  half  an  hour  in  the 
course  of  five  hours  would  not  enable  an  employer  to  commence  a  fresh 
spell  of  five  hours. 

The  period  of  employment  and  meal-times  must  be  specified,  but  may 
be  altered  on  any  day  provided  the  weekly  as  well  as  the  daily  limit  is 
not  exceeded.  Such  alteration  must,  however,  be  specified  before  work 
begins,  in  a  notice  affixed  in  the  laundry.  Holidays  must  be  allowed 
under  the  conditions  required  in  any  factory  or  workshop. 

Overtime  for  women  may  not  exceed  two  hours  on  any  day,  and  may 
not  extend  the  daily  limit  beyond  fourteen  hours  of  actual  work  ;  it  may 
not  be  worked  on  more  than  three  days  in  one  week  nor  thirty  days  in  a 
year.  Notification  to  the  inspector  and  affixing  record  in  the  laundry  of 
overtime  are  required  as  in  odier  workshops  and  factories. 

Conditions  in  Laundries  before  and  since  1890. 

These  being  the  regulations  affecting  laundries  since  January  1,  1896, 
what  are  the  alterations,  if  any,  in  regard  to  (a)  persons  employed,  either 
in  number,  age,  or  sex ;  (o)  wages  and  hours  of  labour ;  (c)  use  <^ 
machinery  and  organisation  of  labour ;  (d)  health  and  efficiency  of  women 
employed,  or  their  children  ;  (e)  general  prosperity  of  the  trade  ?  The 
task  is  to  find  material  for  comparison  on  any  or  all  of  these  points 
between  the  periods  preceding  and  following  the  two  years  1896-1897, 
when  the  law  would  be  gradually  coming  into  effective  operation  through- 
out the  kingdom. 

(a)  Number,  Age,  and  Sex  of  Persons  Employed  in  Laundries.^ 

No  material  exists  for  direct  definite  comparison  of  figures.  The  only 
official  figures  before  1901  are  those  relating  to  the  number  of  registered 
steam  or  factory  laundries  and  hand  or  workshop  laundries.  No  returns  of 
persons  employed  in  them  were  required  from  employers  before  the  Act 
of  1901,  and  the  returns  made  in  1902  are  not  yet  published  for  the 
country  as  a  whole.    When  they  are  published  we  shall  Know  the  number 

>  See  al80  Section  of  Committee's  Report  dealing  generally  with  the  statistics  of 
changes  in  the  employment  of  women. 
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ot  persons  coming  Under  regulation,  and,  deducting  these  totals  from  the 
total  shown  in  the  census,  we  shall  be  able  to  compute  approximately  the 
numbers  not  subject  to  regulation. 

It  is  to  be  noted  that  in  the  five  years  following  1896  there  was  a  very 
small  increase  of  registered  hand  laundries,  but  a  considerable  increase  ot 
r^stered  steam  laundries,  thus : — 

8te«m  Laundries      Hand  Laondries 

1896 1,069  5,026 

1901 1.972  5,049 

Discovery  of  unreported  laundries  would  account  fof  the  whole  of  thfe 
increase  of  hand  laundries,  but  hardly  for  the  increase  in  the  other  column. 
The  tendency  would  thus  seem  to  be  on  the  ^vhole  towards  increase  of 
employment  in  steam  laundries,  but  nothing  exact  is  known  of  the  average 
numbers  employed  in  either  class  of  laundry  throughout  the  country, 
although  an  estimate  is  attempted  below  from  figures  for  the  West 
London  steam  laundries.  Mention  is  made  by  Mrs.  Bosanquet  of 
a  recent  increase  in  the  number  of  casual  women  workers  in  Acton  hand 
laundries,  but  the  experience  of  Miss  Deane,  which  soes  back  to  1893  in 
West  London  laundries,  is  that  there  has  always  been  a  considerable 
number  (even  before  regulation  of  hours)  of  unskilled  casual  washerwomen 
who  work  for  two  or  more  hand  laundries  in  the  course  of  a  week.  The 
elasticity  of  the  daily  limit  of  hours  for  women  in  laundries  would  allow 
for  the  possibility  of  this  class  of  labour  developing  or  remaining  stationary 
as  it  might  under  the  influence  of  totally  distinct  causes. 

The  Census  shows  that,  in  all,  196,141  v'male  persons  are  employed  in 
the  trade  in  England  and  Wales  out  of  a  total  of  205,015  persons.  As 
there  are  in  all  7,021  registered  laundries,  the  total  number  of  male 
workers  being  8,874,  the  overwhelming  preponderance  of  women  in  the 
trade  even  since  it  has  been  regulat^,  and  has  grown  so  much  of  a 
factory  trade,  is  abundantly  clear.  The  necessary  engineer  for  each  steam 
laundry  is  not  included  in  the  total  8,874  male  workers  given  by  the  Census, 
but  even  so  the  employment  of  women  in  an  unusual  degree  in  managing 
and  directing  (or  *  laundry-keeping ')  is  evident. 

The  industry  is  still  followed  mainly  by  adult  women,  but  the  propor- 
tion of  young  women  and  girls  shows  a  marked  increase  since  1891.  In 
that  year  the  census  showed  that  only  21  per  cent,  of  the  women  and 
girls  engaged  in  the  industry  were  under  25.  In  1901  there  were  30  per 
cent,  under  25.     In  London  in  1901  there  were  34  percent,  under  25. 

In  1891  the  figures  were  for  'washing  and  bathing  service,*  in  1901 
for  laundry  and  washing  service  excluding  bathing.  Miss  Collet  points 
out  that  the  inclusion  or  exclusion  of  bathing  service  makes  very  little 
difference  in  the  case  of  females ;  it  may  or  may  not  have  made  a  con- 
siderable difference  in  the  case  of  males. 
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1,707 
2,434 

17,830 
28,513 

19,581 
28,280 

29,946 
82,527 

85,724 
83,827 

87.546 
83,086 

27,596 
24,834 

16,317 
13,150 

185,246 
196,141 

169 
178 

839 
1,066 

726 
913 

1,384 
2,078 

1,316 
1,743 

1,197 
1,413 

852 
871 

449 
492 

6,912 
8,874 

1903. 
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We  have  had  access  to  the  official  employers'  retartis  in  1902  fot  the 
West  London  District  laundries,  which  district  registers  303  steam 
laundries.  In  these  about  one-sixth  of  the  female  workers  are  young 
persons  under  18  years  of  age,  while  the  average  number  of  persons 
employed  is  24§.^  The  average  number  in  factory  laundries  through  the 
kingdom  is  probably  rather  higher,  for  in  London  alone  are  to  be  found 
the  rows  of  small  dwelling-houses  converted  into  steam  laundries  by  a 
common  source  of  power.  *  At  one  time  it  was  only  in  a  few  large  steam 
laundries  that  machinery  was  to  be  met  with,  now  it  is  no  uncommon 
thing  to  find  a  row  of  houses  in  separate  occupation,  the  back  yard  of  each  of 
which  is  roofed  in  and  packed  with  machinery,  all  driven  by  an  engine 
installed  at  one  end  of  the  row.'  '^  Nearly  half  of  all  the  steam  laundries  in 
the  kingdom  are  within  London  and  its  outlying  borders.  In  this  con- 
nection it  is  of  interest  to  note  that  in  the  only  European  country  which 
has  a  complete  industrial  census,  and  which  has,  to  a  certain  extent, 
developed  the  laundry  industry  with  the  aid  of  steam  power,  in  Belgian), 
the  average  number  of  persons  employed  in  a  steam  laundry  is  27. 

Turning  now  to  the  earliest  generalisations  of  an  authoritative  or 
official  kind  on  the  conditions  of  the  laundry  trade,  in  view  of  proposals 
to  regulate,  we  find  important  evidence  given  to  the  Commissioners  of 
1875-76  on  the  Factory  Acts  by  the  manager  of  the  Civil  Service 
Co-operative  Laundry,  London.  There  we  find,  twenty  years  before 
legislation  touched  laundry  women's  labour,  an  outline  of  the  earlier 
stages  of  the  change  of  the  laundry  industry  into  the  factory  system,  and 
can  see  the  almost  complete  revolution  that  was  about  to  be  accomplished 
independently  of  legislation.  The  witness  spoke  from  his  own  experience 
and  from  visits  to  all  the  large  steam  laundries  in  London,  Kingston,  Man- 
chester, Stockport,  and  Scarborough.  He  stated  that  the  trade  was  '  in  a 
transition  stage  from  a  little  cottage  industry,  owing  to  the  necessities  of 
this  huge  London,  into  more  and  more  of  a  factory  system,'  economy  of 
labour  was  being  sought,  *  washing  women  are  being  rapidly  supers^ed 
by  machines ' ;  the  economy  of  labour  could  only  bo  effected  *  in  the  washing, 
not  in  the  ironing '  processes.  *  Girls  are  scarcely  employed  at  all  in 
laundries,  we  have  only  two  under  eighteen,  and  not  one  under  thirteen.' 
Speaking  generally,  it  is  not  common  to  employ  girls  young.  The  largest 
laundries  would  not  employ  more  than  70  hands,  and  he  mentioned 
instances  of  40,  50,  and  60  employ^.  Skilled  labour  was  most  needed  for 
the  ironing  processes,  and  the  supply  generally  was  insufficient  during 
the  season.  Many  women  would  not  take  to  the  work  partly  becau.se  of 
its  hard  nature,  partly  because  of  the  'social  stigma'  attaching  to  it. 
London  bricklayers'  labourers'  wives  supplied  a  very  large  proportion  of 
the  labour.  In  1892,  in  Miss  Collet's  Report  to  the  Labour  Commission, 
we  find  witnesses,  laundry  proprietors,  giving  a  similar  account  of  the 
source  of  supply  of  labour  (e.g,,  *  nearly  au  his  laundresses  were  married 
or  had  children  to  support.  The  husbands  were  generally  bricklayers' 
labourers.  .  .  In  the  busy  season  in  summer,  when  women  were  most 
wanted  and  there  were  fewest  of  them,  they  made  things  worse  for  the 
laundries  by  going  fruit-picking  and  pea-picking ').  We  find  on  the  other 
hand  indication  in  Miss  Collet's  report  of  a  growth  of  employment  of 
young  workers  in  steam  laundries  in  the  'hottest  parts.'    The  proportion 

>  Seventeen  laondries  in  the  West  London  district  employ  over  seventy  workers 
and  seven  employ  over  100  workers. 

2  ATmual  Jifport  of  the  Ch^f  iTupector,  1900,  p.  382. 
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ot  married  Woittdn  is  now  probably  less  than  it  waft  twenty  years  ago, 
owinff  to  the  growth  of  employment  of  young  women  and  girk  in  ironing 
(machine  ironing)  processes,  but  the  census  returns  1901  show  still  a  very 
large  number : — 

Total  employed  ia      Working  ai 
Uandry  work  home 

•r«r,ij>«/ia«^  Woi«.«/  ITemsles,  unmarried      .        .  86,474  22,404 

EnglandandWalesj  Kemale^;  married  or  wWowed  109,667  60,642 

r<^n»f«r  ^i  T^.^r.^   /  Femalefi,  unmarried       .        .  20,158  2,804 

County  of  Lomdon  |  y^„^^,^  „,^^  ^^  widowed  27^204  7,604 

(6)   Woffes  and  Hours  of  Labour, 

The  witness  before  the  Commission  of  1875  quoted  above  enables  us 
to  compare  past  and  present  as  regards  hours  and  wages  for  laundrr 
workers  in  London.  First  it  may  be  noted  that  he  considered  legal  limi- 
tation of  hours  in  London  itself  to  be  impracticable,  on  account  of  the 
enormous  season  pressure,  although  he  considered  it  practicable  possibly 
in  factory  districts  such  as  Nottingham.  The  hours,  he  said,  were  much 
longer  for  ironers  than  for  washers,  as  in  the  latter  case  the  labour  was 
being  aided  and  superseded  by  machinery  tended  by  men.  Ten  hours  a 
day  is  about  what  a  washerwoman  works,  8  a.m.  to  8  p.m.,  with  intervals 
for  meals  :  in  their  case  it  would  be  possible  to  limit  the  houra  with  the 
help  of  machinery.  Ironers*  work  extends  over  14  or  15  hours  during  the 
season,  but  actually,  with  meal-times,  which  are  closely  adhered  to,  the 
work  goes  on  during  12  to  13  houra  Ironers  will  not  work  after  11  p.m. 
as  a  rule,  nor  after  10  p.m.  on  Saturday.  '  It  is  the  London  season,  and 
the  pressure  on  them  is  so  great  that  they  are  worked  out  by  Satur- 
day night.  Occasionally  they  are  asked  as  a  great  favour  to  go  in  on 
Sunday  morning  for  one  or  two  hours,  but  the  next  week  they  suffer 
from  the  want  of  rest  undoubtedly.'  In  private  and  small  laundries  the 
hours,  he  says,  are  much  longer,  sometimes  all  night.  As  the  workers 
describe  it,  *  they  are  worked  out,  and  no  doubt  they  are.'  Ironers,  he 
says,  in  the  London  season,  earn  17^.  to  19ir.  a  week,  and  out  of  the 
season  (if  they  are  not  *  out  of  work')  earn  from  9».  to  lis.  He  gives  no 
information  about  washers'  wages. 

Miss  Collet's  report  to  the  Labour  Commission  in  1892,  and  the 
special  Report  of  the  Inspectors  of  Factories  on  Laundries  presented  in 
1893,  show  very  similar  conditions  as  to  hours.  As  Miss  Collet  says  of 
steam  laundries,  *  by  the  employ ei*s'  own  admission  very  long  hours  are 
worked '  ;  she  gives  instances  of  weekly  hours,  exclusive  of  meal-times, 
ranging  from  63  to  72^  hours,  and  of  daily  periods  ending  at  9  p.m., 
10  P.M.,  and  12  midnight  repeatedly.  In  20  out  of  22  hand  laundries 
the  laundresses  habitually  worked  longer  than  the  day  limit  imposed  by 
the  Factory  Act.  In  the  special  Report  of  the  Inspectors  longer  and  more 
irregular  hours  are  cited :  *  Hours  are  irregular  and  excessive,  two  and 
three  nights  at  a  stretch '  (Mr.  Bowling).  '  In  a  shipping  case  work 
continued  all  Friday  night  and  to  noon  on  Saturday '  (Mr.  Cameron). 
*  Ironers  work  from  Friday  morning  until  Saturday  at  midnight  (con- 
tinuously .  .  .  working  42  hours  at  a  stretch '  (Miss  Paterson);  *  Several 
persons  express  the  opinion  that  the  pressure  which  occurs  frequently  on 
Thursday,  Friday,  and  Saturday,  arises  from  mismanagement'  (Miss 
Abraham,  Miss  Paterson,  Mr.  Vaughan,  Mr.  Shaw,  and  Mr.  Dawson). 
'The  fact  that  many  laundries,   including  two  belonging  to  shipping 
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companies,  have  voluntarily  placed  themselves  under  the  Act  *  .  •  goes 
to  prove  that  it  is  practicable  for  all '  (Mr.  Richmond,  Captain  Smith). 
The  Factory  Inspectors  give  no  particulars  as  to  wages,  but  Miss  Collet  s 
report  gives  them  for  both  steam  and  hand  laundries.  Ironers  on  piece* 
work  in  one  steam  laundry  were  earning  from  16«.  to  22^.  j  machine  room 
day  workers  from  lOs.  to  16«.,  for  a  nominal  day  of  12  hours,  overtime 
paid  at  the  same  rate  as  ordinary  time.  Finery  and  best  ironers  are 
quoted  in  other  steam  laundries  as  earning  from  ds.  to  is.  a.  day.  In  one 
of  the  laundries  where  best  ironers  earned  is.  a  day,  '  shirt  ironers  on 
piece-work  earned  from  178.  to  25«.,  and  collar  ironers  over  2ls.  in  a  fall 
week.'  Several  employers  in  hand  laundries,  members  of  the  Acton  and 
West  London  Laundry  Proprietors'  Co-operative  and  Industrial  Society, 
'stated  that  in  Acton  all  proprietors  paid  the  same  wages.  Washers 
were  paid  2^.  M.  a  day,  of  12  hours,  including  meals,  with  2d.  a  day  for 
beer.  Ironers,  28.  6d.,  28.  9d.,  and  3«.  with  beer.  All  were  paid  3d,  an 
hour  for  overtime,  and  deductions  for  short  time  were  made  at  the 
same  rate.'  Miss  Collet  considered  that  the  comparative  uniformity  of 
daily  wage  which  she  found  in  Acton  must  be  largely  due  to  the  com- 
parative absence  of  young  persons.  *  In  Acton  I  gathered  that  it  was  the 
custom  to  send  girls  to  service  on  leaving  school,  or  to  the  steam  laundries, 
and  for  them  to  leave  later,  or  when  old  enough  and  strong  enough  for  the 
work  in  the  hand  laundries.' 

As  regards  hours  of  labour  since  1896  we  may  take  it  that  roughly 
and  broa£y  in  the  registered  laundries  the  ordinary  hours  of  labour  do 
not  exceed  those  legal,  with  the  addition  of  overtime  in  the  case 
of  women  over  eighteen  years  of  age.  At  first  no  doubt  there  were 
many  infringements  of  the  legal  limits,  and  exceedingly  long  and  trying  days 
of  work,  of  which  the  illegality  could  hardly  be  proved,  have  in  too  many 
cases  occurred.  Legal  hours  that  extend  to  far  greater  length  than  in 
any  ordinary  factory  or  workshop  are  still  to  be  found  on  the  days  from 
Tuesday  until  the  end  of  the  week ;  night  work  is  legal  and  Sunday 
labour  is  not  prohibited  by  the  Factory  Act.  Still  the  exhausting 
continuous  periods,  night  following  day  towards  the  end  of  the  week, 
instanced  by  the  Factory  Inspectors  in  the  report  of  1893,  have  certainly 
been  stamped  out  by  the  Inspectors  in  all  but  comparatively  rare  cases, 
and  the  use  of  the  overtime  exception  shows  no  sign  of  steadily  increasing 
in  this  industry.  This  may  be  seen  in  the  following  extract  from  official 
returns  of  overtime.  Between  1896  and  1897  any  increase  so  small  as  is 
shown  would  be  attributable  to  improved  reporting  and  endeavour  to 
conform  to  the  law  : — 


Year 


No.  of  Laundries 
Reporting  Overtime 


1866 « 
1897. 
1898. 
1899. 
1900. 

1901. 


'      steam 
Laundries 

Hand 
Laondries 

not  giyen 

336 

412 
404 

154 
159 
104 

61 

>0 

No.  of  Notices  of 
Overtime 


Steam 
Laundries 


2.694 
3,625 
4,151 
4.817 
4,143 


>  Total  Notices 

1    Overtime  in  > 

Hand      '     Laundries 
Laundries 


1,884 
2,094 
1,639 
1,339 
867 


not  given 


4,678 
5,719 
5,890 
6,156 
5,000 

5,394 
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Proaeoutioiui  by  Inspeotors  on  account  of  employment  beyond  legal 
limits  of  protected  persons  may  be  summarised  as  follows  : — 


— 

1890 

1897 

13 
53 

1898 

1 
20 
26 

1899 

1 

32 
38 

1900 
13 

1901 

5 
47 
44 

In  the  case  of  Children 

„      Yonng  Person*    . 
„           „      Women 

11 
8 

In  the  special  report  to  this  Committee  from  the  Nottingham  Investi- 
gators it  is  stated  that  the  smaller  laundries  find  restricted  daily  hours  a 
serious  inconvenience,  contrary  to  the  experience  of  the  steam  laundries. 
In  the  official  overtime  returns  it  appears  that  no  claims  have  been  made  by 
occupiers  of  workshop  laundries  in  Nottingham  for  overtime,  whereas  in 
a  smiall  number  of  factory  laundries  the  exception  has  been  made  use  of. 
It  is  noteworthy  that  over  the  whole  kingdom  occupiers  of  factory 
laundries  make  a  far  more  general  use  both  absolutely  and  relatively  of 
the  overtime  exception  than  do  the  occupiers  of  worki^op  laundries.  It 
may  be  that  illegal  and  unreported  overtime  is  more  often  resorted  to  in  the 
latter  case,  although  this  is  not  borne  out  by  the  experience  of  the  Factory 
Inspectors  in  West  London.  It  is  more  probable  that  the  elastic  and 
movable  limits  legally  permissible  for  each  day  amply  serve  the  purpose  of 
the  smaller  laundry  without  addition  of  overtime,  and  that  the  steam 
laundries  organising  their  daily  period  on  more  rigid  lines  throughout  the 
week,  more  readily  resort  to  additional  hours  when  a  pressure  arises. 
Mrs.  Tennant  forwards  the  statement  of  an  occupier  of  a  large  steam 
laundry  that  befbre  the  introduction  of  the  Factory  Act  the  hours  were 
7  A.M.  to  6.30  P.M.,  with  two  hours  for  meals,  Monday  to  Wednesday 
inclusive ;  7  a.m.  to  8.30  p.m.  Thursday  and  Friday  ;  and  on  Saturday 
until  work  was  finished,  but  never  later  than  8.30  p.m.  ;  on  every  day  two 
hours  for  meals.  Thus  the  daily  limit  never  exceeded  11^  hours,  and 
the  weekly  total  63,  not  including  meal-times.  Yet  he  says,  '  On  the 
introduction  of  the  Factory  Act  our  hours  were  increased.'  This  could 
only  be  legally  in  weeks  in  which  overtime  was  permissible,  but  possibly 
the  average  in  the  less  busy  times  rose.  This  evidence  comes  from  a 
seaside  resort,  but  there  is  much  evidence  to  similar  effect  from  the 
factory  inspectors'  reports  in  the  year  following  the  application  of  the  Act 
•  The  **  coming  under  the  Act "  ha.s  been  found  not  to  bring  the  expected 
relief,  but  to  give  sanction  to  the  late  hours  and  long  day's  work  hitherto 
regarded  as  xinnecessary  evils  tolerated  in  an  unregulated  industry.  .  .  . 
The  provision  for  an  extra  meal  when  working  overtime  has  not  been 
made  applicable  .  .  .  and  the  women  found  themselves  legally  employed 
from  5  o'clock,  the  end  of  tea-tipie,  till  10  p.m.  without  any  break.  .  .  . 
The  class  who  would  seem  to  be  really  benefited  by  the  Act  are  the 
packers  and  sorters,  whose  hours  of  employment  commonly  reached  over 
seventy  (often  nearer  eighty)  in  the  week '  (Miss  Squire).  The  hours  in 
some  parts  of  the  country  remained  stationary,  notably  in  Yorkshire  and 
Jiancashire  towns.  *  Managers  inform  me  that  they  could  not  work  up  to 
the  sixty  hours  limit  if  they  wished,  because  better  conditions  could  be 
obtained  by  their  workers  in  the  mills '  (Miss  Anderson).^ 

We  have  no  materials  for  a  definite  comparison  of  rates  of  wages  ii^ 
diflferent  parts  of  the  country,  but  there  is  a  consensus  of  opinion  that  in 

»  Annval  JReport  of  the  Chief  Tmjjector,  1S9C,  pp.  G7,  68. 
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London  wages  have  risen.  The  eBtimate  of  the  general  manager  of  a 
large  laundry  company  with  various  branch  establishments,  that  piece- 
work wages  have  risen  for  ironers  in  the  ten  years,  from  1893  to  1903, 
10  percent,  all  round,  is  certainly  applicable  in  other  steam  laundries  as  well. 
The  following  is  his  table  of  rates  of  wages  for  different  classes  of  workers  :— 


Comparison  of  Wages  in  Laundnes, 


Packers        • 
Markers 
Washers  (men  and 

boys) 
Washers  and  scrub- 

bars  (women) 
Dryers . 
Folders 
Calenderers . 
Manglers 
Examiners    . 
Btarchers 
Preparers     • 
Ironers 


18] 
8.d.         £ 

From 

5  0  to 

n 

6  0   H 

It 

11  0   ,.    1 

>» 

3  0  „ 

t» 

1  9   ,. 

f» 

1  6   » 

t» 

1  0   „ 

t> 

2  0  „ 

If 

16  0   .,   1 

t» 

2  0  „ 

tf 

15  0   ., 

»» 

1  0   „ 

leos 


8.  d. 

18  0  per  week 

18  0 

6  0        „ 

2  6  per  day 

2  0 

2  3 

2  0        „ 

2  6        „ 

0  0  per  week 

2  3  per  day 
18  Oper  week 

3  0  per  day 


«.  d,       £ 

From  10  0  to  1 

„       6  0  „   1 


s.  d, 

0  0  per  week 
0  0        „ 


14  0  „   1     6  0 


2  6 
2  0 
1  6 

1  0 

2  0 
18  0 

2  0 

18  0 

1  0 


3  2  per  day 
2  6 
2  3        „ 
2  4        . 

2  6         „ 

0  0  per  week! 

3  0  per  day 

1  0  per  weekl 
3  9  per  day 


No  class  of  worker  would  seem  to  have  benefited  more  than  the 
packers,  whose  hours  have  been  so  considerably  reduced  by  the  Act.  The 
washers,  men  and  boys,  more  often  men,  the  folders  and  the  manglers, 
alone  appear  to  have  remained  stationary,  or  nearly  so,  in  wages. 

(c)   Use  of  Machinery  and  Organisation  of  Labour. 

The  development  of  the  industry  from  the  domestic  to  the  factory 
system  has  already  been  referred  to  in  quotations  from  the  Factory 
Act  Commissioners'  Report  of  1875-6.  No  more  striking  contrast  can 
be  produced  than  that  between  the  account  given  by  the  principal  witness 
of  the  organisation  of  the  work,  then,  and  in  the  latest  reports  of  the 
Factory  Inspectors.  According  to  his  experience  in  1875,  whereas 
machinery  was  becoming  much  more  largely  employed  in  washing  processes, 
the  only  things  which  could  be  *  ironed  by  machinery,  are  things  as  straight 
as  a  piece  of  paper,  tablecloths,  pillow-cases.  .  .  .  You  could  not  put  a 
shirt  into  a  machine  to  be  ironed  or  anything  with  gathers  in  it.  .  .  . 
The  mechanical  irons  heated  by  gas  at  the  Army  Clothing  Factory  would 
be  totally  useless  with  respect  to  linen.'  For  some  time  it  has  heem  a 
common-place  that  the  most  elaborate  developments  of  laundry 
machinery  are  to  be  found  in  the  line  ironing  departments  of  body-linen 
of  all  kinds,  and  of  this  the  most  marked  consequence  has  been  the  de- 
velopment of  employment  of  girl -labour.  The  proof  of  growth  of  use  of 
ironing-machinery  is  to  be  seen  in  the  fact  that  more  than  half  of  the  total 
accidents  reported  from  laundries  are  caused  by  ironing-machinery  ;  in 
1902,  152  out  of  268,  in  1901,  148  out  of  289,  in  1900,  111  out  of  240.^ 
In  her  report  for  1900,  Miss  Deane  referred  particularly  to  the  extent  of 
subdivision  of  labour  and  use  of  labour-saving  machinery  in  this  branch. 

*  For  details  see  analysis,  pp.  162  and  ff,  in  the  Annval  Report  of  the  Chief 
Inspector  for  |909.  / 
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In  some  cases  '  a  sin^e  shirt  will  pass  through  seven  or  eight  difibrent 
machines  in  the  process  of  ironing  albne/  As  regards  use  of  machinery 
generally  in  smaller  as  well  as  larger  laundries,  Miss  Deane  stated  in 
1900:  *The  old-fashioned  washerwoman  is  fast  disappearing,  and  is 
superseded  by  the  enterprising  young  "  laundry  proprietor,"  who  turning 
the  tubs  out  of  the  back-kitchen  fills  their  place  with  washing  machines, 
and  connecting  them  with  a  little  gas  engine  .  .  .  blossoms  forth  as  the 
owner  of  a  factory  laundry  ready  to  deal  with  six  times  the  amount  of 
work.  .  .  .  Side  by  side  with  this  development  in  the  smaller  laundries  is 
to  be  found  the  rapid  multiplication  of  the  large  companies  and  syndicates, 
certain  of  which  own  as  many  as  a  dozen  or  more  fine  well-equipped 
laundries  .  .  .  organised  into  departments,  in  which  the  division  of  labour 
is  at  least  as  marked  a  feature  as  in  the  majority  of  non-textile  factories.' 
In  ihe  smaller  factory  laundries  in  the  same  district  organisation  is  not 
developed  in  the  same  way.  *  The  labour-saving  methods  adopted  in  well- 
organised  businesses  are  ignored,  and  in  many  places  the  work  is  carried 
on  ...  as  it  was  before  power  was  introduced,  and  the  output  was  pro- 
bably not  a  fifth  of  what  it  is  at  present  This  is  to  me  one  of  the  most 
striking  features  of  the  laundry  development.  Machinery  of  an  ex- 
pensive and  intricate  kind  is  bought  and  installed  without  as  far  as  one 
'  can  judge  an  efibrt  being  made  to  secure  that  the  most  shall  be  made  of  it. 
Even  the  risks  attending  its  use  are  very  imperfectly  appreciated '  (Miss 
Paterson,  1901).  *The  number  of  steam  laundries  on  our  register  has 
increased  by  over  13  per  cent.,  the  number  of  hand  laundries  by  over  9  per 
cent.  .  .  .  Most  of  the  additions  to  steam  laundries  have  been  by 
transformation  of  the  hand  laundry  through  introduction  of  motor  power ' 
(Miss  Anderson,  1901),  There  is  nothing  to  show  that  an  impetus  was 
given  by  the  Act  to  the  introduction  of  machinery.  Possibly  such  an  impetus 
might  have  been  given  by  the  more  rigid  limits  of  ordinary  factory  hours. 


(d)  and  (e)  Stealth  and  Efficiency  of  Women  emjiloyed^  and  Prospa-ity  qf 

the  Trade, 

The  foregoing  account  of  the  organisation  and  hours  of  labour  of 
women  in  laundries,  before  and  after  limits  were  introduced  by  the  Act 
of  1896,  indicates  that  no  clear  estimate  can  be  formed  of  the  gain  to 
women  in  health  and  efficiency  by  the  provisions  applying  to  women  (as 
distinguished  firom  men).  As  lately  as  1900  the  Inspector's  reports  insist 
on  the  immense  practical  difficulty  of  enforcing,  at  all  closely,  the  daily 
and  weekly  maxima  of  hours.  In  that  year  the  Secretary  of  State  issued 
a  prescribed  form  for  notice  of  period  of  employment,  the  use  of  which 
was  binding  on  occupiers  who  altered  at  any  time  the  notice  of  employ- 
ment for  the  day,  the  object  being  to  secure  closer  observance  of  the  legal 
limits  by  showing  at  any  moment  the  proposed  total  period  for  the  week, 
as  veil  as  for  the  single  day.  In  so  far  as  the  law  has  checked,  and  this 
it  certainly  has  done  in  a  considerable  degree,  the  excessively  long  night 
and  day  turns  of  work  at  the  middle  and  end  of  the  week,  gain  must  have 
accrued  to  the  workers  in  lessening  the  number  of  cases  of  complete 
exhaustion.  No  systematic  inquiry  into  the  system  of  liability  of  laundry 
workers  to  special  forms  of  disease  has,  so  far  as  we  know,  been  reported 
before  Miss  Deane's  report  for  1900  (see  Annual  Report  of  the  Chief 
Inspector,  pp.  383  ^nd  If.).     She  gave  figures  from  e^famjpation  of  record^ 
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at  poor  law  infirmaries  in  typical  laundry  districts  which  brought  out  the 
greater  liability  of  laundresses,  as  compared  with  women  of  other  occupa- 
tions treated  in  those  infirmaries,  to  ulcerated  legs  and  to  phthisis. 
Further,  she  stated  that  the  '  figures  supplied  by  the  records  of  the  cases 
attended  by  the  Kensington  District  I^ursing  Association  show  a  large 
proportion  of  ulcerated  legs  and  of  forms  of  internal  disease  aggravated 
by  standing  for  long  hours.  ,  .  .  I  was  struck  by  the  absence  of  any 
particular  liability  to  skin  disease,  for  on  all  hands  I  had  been  informed 
that  washerwomen  were  not  uncommonly  afflicted  by  a  local  inflammation 
on  the  hands  and  arms,  due,  it  was  thought,  to  the  action  of  soda,  soap, 
and  other  chemicals.  .  .  .  The  effect  of  the  occupation  was  noticed  in  the 
out-patients'  department  of  St.  Mary's  Skin  Hospital  some  years  ago, 
but  had  since  almost  disappeared.  The  immensely  increased  use  of 
machinery  in  the  process  of  washing  (even  in  the  very  small  hand  laundries 
the  hand-turned  washing  machine  is  often  found)  may  account  for  this 
difference.'  In  her  report  for  1902  Miss  Deane  quotes  interesting  later 
figures  from  the  Medical  Officer  of  Health  of  Battersea  to  show  the 
special  liability  of  girls  from  fifteen  to  twenty-five  years  (mainly  packers, 
sorters,  calender  workers,  and  machine  ironers)  to  phthisis.  *  They  work 
either  in  sorting  the  soiled  linen  or  in  the  steam  and  heat  and  gas-laden 
atmosphere  of  the  machine  room.  .  .  .  The  constant  exposure  to  steam, 
standing  on  wet  floors,  the  great  heat  in  which  the  work  is  carried  on, 
and  the  long  hours  at  exhausting  work,  amply  explains  the  tendency  to 
pulmonary  disease.  The  badly  arranged  floors  in  even  large  wash-housei 
are  a  constant  source  of  discomfort,  and  probably  of  ill-health,  to 
workers.' 

For  the  latter  classes  of  complaint  the  special  regulation  for  laundries, 
relating  to  steam,  temperature,  drainage  of  floors,  are  admirably  calculated 
to  establish  an  amendment,  even  though  the  hours  are  still  so  long  as  to 
aggravate  any  constitutional  liability  to  ulcers  or  internal  disease  asso- 
ciated with  long  standing. 

It  must  be  carefully  borne  in  mind  that  these  special  provisions  for 
the  hygiene  of  steam  laundries  were  enforceable  earlier  in  hand  or  work- 
shop laundries  under  the  more  general  provisions  of  the  law  relating  to 
public  health  by  the  local  authority.  Thus,  it  cannot  be  maintained  that 
larger  laundry-proprietors  were  given  any  advantage  over  their  poorer 
and  smaller  rivals  through  the  cost  of  conforming  to  the  sanitary  provisions 
of  the  Factory  Act.  Under  the  Kensington  Vestry,  for  example,  work- 
shop laundries  were  registered,  inspected,  and  brought  gradually  into 
conformity  with  general  sanitary  requirements  years  before  steam  laun- 
dries were  affected  by  the  Factory  Act. 

No  authentic  case  has  been  established  of  disappearance  or  failure 
of  workshop  laundries  through  application  of  the  standards  either  of  the 
Public  He^th  Act  or  of  the  Factory  Act.^  On  the  contrary,  the  evidence 
of  the  factory  inspectors  goes  to  show  increased  and  increasing  prosperity 
among  smaller  occupiers.  The  readiness  with  which  costly  machinery  is 
installed  in  small  dwelling-houses  and  the  steady  transformation  of  small 
Hand-laundries  into  small  factory-laundries,  negatives  the  idea  that  the 
safety  and  hygienic  clauses  of  the  law  hamper  the  small  proprietor.    It 

*  At  the  same  time  occasional  references  of  Factory  Inspectors  to  the  tendency 
of  occupiers  to  dismiss  a  third  outside  worker  when  they  learn  that  a  third  brings 
Ihem  ppder  the  ^ct,  must  not  be  overlooked.    Cf.  Annual  Jieport^  1902,  p.  186. 
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must  not  be  forgotten  that  in  this  industry,  as  distinguished  from  manu- 
facturing industries,  the  employer  has  not  the  cost  of  raw  material  to  add 
to  the  cost  of  labour  and  plant,  and  this  may  account  for  much  rapid 
development  of  small  businesses  at  the  outset. 


APPENDIX  III. 

[Subject  to  Amendment.] 

Tlie  Legal  Regulation  of  Women's  Employment  and  Infanl  Mortality, 

The  Committee  have  made  a  special  attempt  to  find  whether  any 
relation  can  be  traced  between  changes  in  the  law  (regulating  or  pro- 
hibiting women's  work  in  dangerous  trades  from  time  to  time,  and 
prohibiting  their  employment  within  four  weeks  of  child-birth  in  1891) 
and  infant  mortaliW,  and  have  obtained  some  valuable  opinions  from 
Medical  Officers  of  Health,  but  have  not  found  any  definite  evidence  of  any 
direct  connection. 

A  circular  letter  was  sent  to  sixty-one  Medical  Officers  of  Health, 
chiefly  in  those  towns  where  numbers  of  married  women  were  employejd, 
stating  the  changes  in  the  law  that  might  be  expected  to  have  some 
effect  in  this  direction,  and  asking  for  statistical  evidence  and  opinions. 
Only  sixteen  replied,  and  most  of  these  even  had  no  definite  information 
to  give.  The  general  opinion  was  that  high  rates  of  infant  mortality  were 
chiefly  due  to  ignorance  and  carelessness  in  feeding  infants,  and  its  main 
variations  from  time  to  time  were  traceable  to  the  weather  and  its  effi^ts 
on  the  prevalence  of  summer  diarrhoea.  Nearly  all  who  gave  information 
agreed  that  even  the  comprehensive  law  of  1891  could  not  produce  any 
effect  visible  in  vital  statistics.  Dr.  Greenwood  (of  Blackburn)  writes  that 
no  material  reduction  of  infant  mortality  was  thus  caused  ;  but  that '  the 
nursing  out  of  children  while  the  mothers  are  at  work,  after  the  child  is 
one  or  two  months  old,  together  with  irregular  feeding  with  improper 
and  unclean  food,  and  the  general  ignorance  of  the  principles  of  domestic 
hygiene '  cause  high  rates  of  mortality.  The  Medical  Officers  of  Health 
of  Leek  and  Batley  were  in  favour  of  a  longer  period  of  prohibition. 

The  Committee  made  other  attempts  at  investigation  on  this  question, 
but  in  every  case  the  inquiry  broke  down  without  result. 

Some  information,  however,  was  obtained  which  may  prove  useful  for 
further  research  on  an  allied  question,  viz.,  whether  employment  of 
married  women  in  factories  has  any  definite  relation  to  infant  mortality. 
Dr.  Erskine  Stuart  instituted  an  inquiry  in  Batley  as  to  the  occupations 
of  mothers  whose  children  had  died  under  one  year  old,  and  he  and  Mr. 
landley  have  kindly  sent  the  details.  Between  May  7,  1901,  and 
August  7,  1902,  the  deaths  of  200  children  under  one  year  came  under 
their  notice.  The  mothers  were  by  occupation  weavers  (30),  condenser 
minders  (6),  rag-sorters  (16),  feeder-minder,  mill-hand,  reeler,  mender, 
and  laundiy  work  (1  eafih)  j  the  remaining  143  are  given  as  epgaged  in 
'housework.' 
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As  regards  age  at  death  we  have  the  following  : — 


Occapatiou  of  Mother 

Ages  of  Children  at  death                    1                , 

Under        ^^^L^^ 
V--"^       Smo'nth. 

1 

Housework 
Mill-work  &c. 

34         ,         44 

18         1           8 

23         1         43         j     143 
14                 18         1       67 

While  28-5  per  cent,  of  these  deaths  were  of  children  whose  mothers' 
occupations  were  away  from  home,  only  21 '4  per  cent,  of  the  married 
women  or  widows  of  Batley  were  (according  to  the  Census  of  1901)  so 
occupied. 

These  figures  are,  of  course,  quite  insufficient  to  support  any  conclu- 
sions by  themselves,  but  suggest  a  useful  and  simple  method  of  inquiry. 

The  general  tables  of  occupations  of  married  women  In  towns  and  of 
infantile  mortality  do  not  appear  to  suggest  any  close  relationship  between 
the  two,  and  the  great  difference  in  sanitation  and  customs  between  town 
and  town  would  lead  us  to  expect  this  result.  But  Dr.  G.  Reid  (M.O.H. 
Staffordshire  County  Council)  has  continued  his  researches  on  this  subject, 
and  kindly  placed  his  results  at  the  disposal  of  the  Committee.  .  He  finds 
that  in  Stafferdshire  there  are  two  groups  of  towns  which  were  from  the 
sanitary  point  of  view  similar  in  most  respects,  but  that  in  the  northern 
group  (where  many  women  were  engaged  in  pottery)  the  rate  of  infant 
mortality  was  much  higher  than  in  the  southern  group  (where  relatively 
few  women  were  occupied  away  from  home). 

Pursuing  the  idea  thus  suggested,  he  compiled  the  following  table  : — 


,  Ckus  aoeording  to  percentage, 

of  married  and  widowed     {  Number 

workers  to  female  population  of  Towns 
between  18  and  50  years    | 


I.  12  per  cent,  and  oyer  < 
II.  Under  12  per  cent.  , 

and  over  6  per  cent. 
III.  Under  6  per  cent.    .  , 


5 
13 


Total 

Population 

1901 

CensQB 

132,299 
263,868 

131,508 


Deaths  of  Infanta  under  one  year 
per  1,000  registered  births 


1681-1690  I  1891-1900      1901-1909 


212 
176 

168 


199 
166 

153 


From  this  he  concludes  that  '  in  the  absence  of  any  other  apparent 
reason  the  excessive  mortality  in  the  first  group  compared  with  the 
second  and  third,  and  in  the  second  compared  with  the  third,  is  attribu- 
table to  the  nature  of  the  trades  carried  on  as  affecting  the  facilities  for 
the  employment  of  women  away  from  home,  and  as  a  consequence  the 
proportion  of  wholly  artificially  fed  to  entirely  or  partially  breast-fed 
infants.  While  [he  is]  prepared  to  admit  that  the  practice  of  mothers 
engaging  in  factory  work  and  continuing  at  work  practically  up  to  the 
day  their  children  are  bom  may,  in  itself,  prejudicially  affect  the  lives 
of  their  children,  [he  maintains]  that  the  injury  arising  from  the  entire 
deprivation  of  mother's  mfllc  dpring  the  e^rly  months  of  the  child's  lii^ 
is  f^r  wore  oeriQup.' 
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Dr.  Beid  ako  iupplied  the  more  detailed  information  leading  to  the 
following  table  and  oalculations  by  Mr.  A.  L.  Bowley  : — 


Percentage  of   • 

Popalation 

1901 
CensQB  in 
thousands 

Married  ana    1 

Deaths  of  Infants  under  one 

Diitrict 

Widowed 
Workers  per 
Female  Popula- 
tion between  18 
and  50  years 

year  per  1,006  registered  birtka 

1861-1690   1891-1900  1901-1902 

1                   

P 

m 

'^                        1 

Longton        •        • 

3G 

23-8 

217 

241            210       ' 

Leek»    .... 

15 

20-9 

148 

148       1     166 

Burslem 

39 

17-3 

191 

201       '     190       1 

Fenton .... 

23 

17-2 

180 

206            173       1 

Tiinstall 

19 

14-2 

207 
168 

218 

197       1 
173 

Stoke-on-Trent 

80 

11-6 

174 

Newcastle- under- Lyme . 

20 

101 

148 

200 

167 

Stone    .... 

6 

9-9 

130 

129 

148 

Quarry  Bank 

1 

8-3 

159 

155 

125       ' 

Bilston  .... 

24 

8-2 

190 

208 

185       , 

Willenhall     . 

19 

7-8 

158 

198 

182 

Smallthome . 

6 

7-6 

179 

167 

171    ; 

Rowley  Regis 

35 

7-3 

156 

162    1  151    ; 

Brierley  Hill 

12 

7-2 

173 

169       i     139 

Stafford 

10 

7-2 

129 

132       '     107       t 

Ledgley 

16 

6-7 

185 

'     155       !     128 

Bmethwick   . 

66 

6-7 

173 

162  • 

148 

Darlaston      . 

15 

6-3 

193 

220 

206 

Wedneafield  . 

6 

50 

153 

150       \     136 

Coseley.        . 

22 

4-9 

163 

172 

168 

Wednesbury  . 

27 

4-8 

165 

176 

155 

Tipton  .... 

31 

4-6 

163 

179 

150 

Cannock 

24 

4-3 

143 

163 

145 

Brownhills    . 

16 

40 

152 

!     141 

142 

Kidsgrove     . 

6 

40 

156 

'     171 

206       ' 

Short  Heath  . 

4 

3-7 

143 

161       1     134 

These  details  make  it  possible  to  calculate  a  correlation  coefficient 
between  occupation  and  mortality. 

Taking  the  columns  m  and  d  only,  and  counting  the  towns  as  of  equal 

importance,  the  formula  -^^ — ,  [where  n  is  the  number  of  towns,  (^i  Sj) 


(/i2  83)  .  .  .  the  deviations  in  columns  m  and  d  from  their  average,  and 
ff,,  ffQ,  the  standard  deviations  of  these  columns,]  gives  -47,  with  probable 
error   1  ;  this  gives  evidence  of  some  correlation,  but,  as  the  coefficient 
is  only  five  times  its  probable  error,  the  evidence  is  not  very  conclusive. 
If  we  now  weight  each  deviation  with  the  population  (column  p),  the 

formula    —  ^^^    gives  -57,  with  probable  error  -07  (the  standard  devia- 
tions being  calculated  afresh). 

We  may  say,  then,  that  the  excess  or  defect  of  proportionate  occupa- 
tion of  married  women  is  shown  by  these  statistics  to  have  a  relation  to 

*  Leek  is  m  ^vancQ  of  the  other  towns  in  Banitary  matters  and  is  in  a  healthy 
position. 
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the  excess  or  defect  of  infant  mortality,  but  that  the  connection  is  not 
very  close  and  that  the  evidence  is  not  sufficient  to  measure  it  exactly.^ 

[Note. — Eeference  may  be  given  on  this  subject  to  the  Reports  of  the 
Medical  Officer  of  the  Privy  Council  between  1859  and  1872,  especially 
the  Appendix  to  the  fourth  report ;  to  '  Papers  relating  to  the  Sanitary 
State  of  the  People  of  England,  1858  ; '  and  to  the  evidence  given  before 
the  Factory  and  Workshops  Acts  Commission  of  1875  by  Mr.  Foulkes 
and  Mr.  Baker.J 


APPENDIX   IV. 

Recent  LegidcUion  Abroc^d  relating  to  Women*8  Labour, 
By  K  W.  Brabrook. 

Since  the  Report  of  the  Committee  on  Women's  Labour  was  agreed 
to,  I  have  been  favoured  by  the  Office  du  Travail  of  Belgium  with  a  copy 
of  their  '  Annuaire  de  la  Li^gislation  du  Travail '  for  1902,  which  contains 
the  text  of  all  the  laws  relating  to  labour  passed  in  that  year  in 
various  countries.  It  may  be  worth  while  to  supplement  the  particulars 
relating  to  foreign  legislation  given  in  the  second  report  of  that  Committee 
by  noting  those  which  relate  to  women's  labour. 

In  Germany  many  ordinances  of  the  Federal  Council  have  been  made 
forbidding  the  employment  of  women  in  industries  where  great  heat  or 
motor  power  is  used  or  the  work  is  very  exhausting,  viz.,  January  31, 1902, 
in  chicory  manufacture  ;  March  5,  in  glass  works  and  in  the  blowing  of 
glass  ;  March  5,  in  sugar  works,  sugar  refineries,  and  works  for  extracting 
sugar  from  molasses  ;  March  20,  in  the  extraction  of  stone  from  quarries ; 
coal  mines  and  mines  of  zinc  and  lead  in  the  regency  of  Oppeln; 
May  27,  in  rolling  mills  and  forges. 

In  Austria  a  Law  was  enacted  on  July  28  for  the  regulation  of  railways, 
which,  among  other  things,  forbade  the  employment  of  women  on  night 
work  or  during  the  four  weeks  after  child-birth. 

In  Spain  a  law  was  enacted  on  June  26  limiting  women's  work  to 
1 1  hours  a  day,  or  66  hours  a  week. 

In  France^  by  a  law  of  March  21,  women  are  not  to  be  employed  in 
cleaning,  inspecting,  or  repairing  machinery  in  action. 

In  i^y,  by  a  law  of  June  19,  night  work  is  prohibited  for  women. 

In  several  of  the  States  of  the  American  Union  laws  have  been  made 
regulating  the  labour  of  women.  In  Louisiana,  July  24,  women  are  not 
to  be  employed  more  than  10  hours  a  day,  or  60  hours  a  week,  and  to 
have  an  hour  allowed  each  day  for  dinner.  In  Massachusetts,  June  3, 
the  limits  were  fixed  at  10  hours  a  day  and  58  a  week.  In 
Rhode  Island,  April  4,  the  same  limits  were  enacted.  In  the  State  of 
Washington  (not  D.C.),  on  March  11,  1901,  work  was  limited  to  10 
hours  a  day,  and  seats  ^ere  ordered  to  be  provided.  The  same  provision 
as  to  seats  was  made  in  Wyoming  on  February  13,  1901.  Finally,  on 
April  2, 1902,  the  State  of  New  York  enacted  that  the  earnings  of  married 
women  should  be  their  own.  It  seems  wonderful  that  such  an  enactmei^t 
should  be  necessary. 

^  In  words,  a  deviation  frQm  the  average  of  8*5  in  coIqidq  d  may  be  expecte4 
with  a  deviation  in  the  same  sense  of  1  in  the  numbers  in  colamn  m. 


Digitized  by 


Goo^(^ 


ON  THE   RESISTANCE  OF   ROAD   VEHICLES  TO  TRACTION.  365 


2%«  Resxsiaiice  of  Road  Vehicles  to  Tradfon. — Report  of  the  Commiifee, 
consisting  of  Sit  J.  I.  Thornycroft  (Chairman)^  Professor  H.  S. 
Helb-Shaw  (Secretary),  Mr.  T.  AitkeN,  Mr.  T.  C.  Avelino 
(T}reasurer)j  Professor  T.  Hudson  Beare,  Mr.  W.  Worry 
Beaumont,  Mr.  J.  Brown,  C5olonel  R.  E.  B.  Crompton,  Mr.  B.  J. 
DiPLOCK,  Mr.  A.  Mallock,  Professor  J.  Perry,  Sir  D.  Salomons, 
Mr.  A.  R.  Sennett,  and  Mr.  E.  Shrapnell  Smith.  {Brmvn  up^ 
at  tlie  request  of  the  Committ^f  hij  the  Secretary^  assisted  by  Mr. 
J.  F.  Gill,  B.Sc.) 
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I.  Results  of  Trials  friade  with  Committee's  Dynamometer, 

In  the  last  Report  the  new  dynamometer  made  for  the  Committee  was 
described  and  illustrated,  together  with  an  account  of  the  calibration  of 
the  apparatus. 

It  will  have  been  noticed  in  the  drawing  of  the  instrument  that  a 
small  screw-down  valve  was  fixed  in  the  circuit  of  tube  which  transmits 
the  pressure  from  the  plunger  to  the  recording  gauge,  this  valve  being 
for  the  purpose  of  throttling  the  flow  of  water,  and  thus  damping  the 
osciUations  of  the  penciL  The  principal  dimensions  of  the  valve  are  as 
follows : — 

Width  of  seat 008    inch 

Smallest  diameter  of  seat 1595    ,, 

liargesi  „  , 1693    „ 

Pitch  of  screw -016      „ 

It  was  found  that  to  produce  sufficient  damping  action  it  was  necessary 
to  have  this  valve  off  its  seat  by  an  amount  of  not  more  than  '0153  inch« 

It  was  pointed  out  by  Mr.  A.  Mallock,  F.R.S.,  of  London  (a  member 
of  this  Committee),  that  the  flow  under  a  constant  pressure  of  a  fluid 
through  a  thin  film-like  orifice  such  as  this,  might  be  different  in  one 
direction  to  what  it  would  be  when  flowing  in  a  reverse  direction,  owing 
to  the  stream-line  formation  not  being  symmetrical  about  the  constriction. 

If  such  were  the  case  the  true  mean  pressure  would  not  be  recorded, 
but  some  pressure,  either  greater  or  less  than  the  true  mean,  according  to 
which  side  of  the  valve  was  next  to  the  plunger. 

Experiments  were  made  to  determine  the  minimum  orifice  that  might 
be  used,  and  it  was  found  that  equal  flow  from  either  side  did  not  occur 
until  the  valve  was  opened  by  at  least  half  a  turn,  this  corresponding  to 
the  valve  being  raised  from  its  seat  a  distance  of  '023  inch.  So  that  there 
should  be  no  doubt  about  the  orifice  being  too  small,  the  experiments 
were  conducted  with  the  valve  open  by  a  considerable  amount,  the 
damping  action  being  obtained  by  squeezing  the  rubber  tube  which 
connected  the  gauge  to  the  dynamometer  by  suitable  clips  placed  on  the 
tube  some  distance  from  any  change  in  crosa^section.     By  this  means  the 
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stream-line  flow  was  kepi  perfectly  symmetrical  about  the  constrictioili 
and  hence  the  true  mean  pressure  was  recorded. 

Mr.  Mallock  has  suggested  the  adoption  of  a  length  of  resistance 
tubing  (say  1/60  inch  bore)  to  attain  the  same  end,  and  this  will  be  fitted 
for  subsequent  trials. 

JSj.'penments, 

The  first  experiments  conducted  with  this  dynamometer  were  men- 
tioned in  the  last  report  and  the  results  were  indicated  by  means  of  waU 
diagrams.  The  results  then  obtained  have  been  carefully  gone  into  and 
from  them  the  following  curves  have  been  plotted. 

Ex'peinmerUs  with  Iron  Tyres, 

These  experiments  were  conducted  on  a  portion  of  Regent  Road, 
Bootle,  which  is  paved  with  setts  6  inches  by  3  inches,  having  a  regular  but 
fairly  rough  sur&bce,  with  a  1-inch  gap  between  the  joints.  Regent  Road 
runs  along  the  line  of  docks,  and  is  in  consequence  free  from  gradients  ; 
it  is,  however,  so  crowded  with  vehicles  during  the  day-time  that  it  was 
found  necessary  to  conduct  this  series  of  experiments  during  the  night. 

The  wheel  used  was  a  light  lurry-wheel,  40  inches  diameter,  having  a 
3-inch  iron  tyre  slishtly  rounded  in  section. 

The  axle  was  tilted  up  out  of  the  horizontal  at  one  end  so  that  the 
wheel — ^which  was  slightly  coned — could  take  up  a  position  exactly 
similar  to  the  lurry  wheels  in  general  use  ;  it  was  mounted  on  a  pair  of 
springs  3  feet  2  inches  between  the  centres  of  attachment,  each  spring 
comprising  six  plat^es  2J  inches  by  {'^  inch. 

Three  runs  were  maide  over  this  particular  route  with  loads  of  392, 
672,  and  952  lb.  respectively,  at  speeds  of  from  5  to  14  miles  per  hour. 

The  results  of  these  trials  are  plotted  in  fig.  1,  with  total  tractive 
effort  (inclusive  of  axle  friction,  &c.),  as  ordinates,  and  velocity  as  abscissie. 

It  will  be  noticed  that  for  each  curve  the  tractive  effort  increases 
with  the  velocity,  but  these  curves  and  all  subsequently  obtained  are 
concave  downwards,  showing  that  the  rate  of  increase  of  tractive  effort 
diminishes  with  the  velocity.  This  may  be  due  to  the  fact  that  as  the 
wheel  travels  faster  it  has  less  time  to  fall  into  the  little  hollows  in  the 
roadway,  merely  skimming  along  the  tops  of  the  ridges. 

Well-laid  setts  under  these  circumstances,  even  with  wide  deep  gaps, 
form  a  perfectly  smooth  track  at  high  speeds.  This  is  well  brought  out 
in  fig.  4,  which  shows  a  smaller  tractive  effort  for  setts  than  for  macadam. 

On  looking  into  the  matter,  this  is  as  it  should  be.  Consider  two 
perfectly  level  roads,  one  made  with  setts  and  the  other  with  macadam  : 
the  setts  present  a  surface  which  is  extremely  hard,  although  irregular, 
but  this  irregularity  with  well-laid  setts  is  more  apparent  than  real,  as  the 
tops  of  the  setts  themselves  are  smooth  and  level  and  all  in  the  same  plane. 

The  macadam,  on  the  other  hand,  although  quite  level,  is  not  nearly 
so  hard  as  the  stone  surface,  and  is,  moreov^,  covered  with  a  thin  layer 
of  dust  or  fine  gravel,  which,  as  is  well  known,  retards  the  progress  of  a 
vehicle. 

Kvperimenie  with  Pneumatic  Tyres^ 

A  series  of  experiments  were  made  with  a  pneumatic-tyred  wheel 
24  inches  diameter,  2|-inch  tyre.  This  was  a  wire-spoked  wheel  of  the 
type  used  <hi  light  voiturettes ;  it  was  mounted  on  the  same  springs  as 
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the  lurry-wheel  mentioned  previously,  but  they  were  reduced  in  strength 
by  the  removal  of  four  plates,  so  that  each  spring  consisted  of  two  plates 
3  feet  2  inches  long^,  2J  inches  wide,  and  j%  inch  thick. 

This  series  of  experiments  was  conducted  on  a  level  stretch  of 
macadam  road,  the  surface  of  which  was  in  fairly  good  condition,  slightly 
wet  in  places  ;  runs  were  made  with  loads  of  315,  427,  539,  and  651  lbs. 
respectively. 

Fia.  L— Tractive-effort  Velocity  Curves  for  40"  Iron  Tyre  on  Setts. 
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Fig.  2  shows  tractive  eflTort  and  velocity  plotted  for  each  of  these 
loads.  It  will  be  noticed  that  the  ratio  of  tractive  effort  to  load  for 
these  curves  is  very  nearly  constant,  and  that  the  tractive  effort  increases 
slightly  with  the  velocity.  Sufficient  results  have  not  yet  been  obtained 
to  enable  this  Committee  to  state  definitely  the  law  relating  to  tractive 
effort  and  load,  but  the  results  of  the  experiments  that  have  been  made 
agree  with  those  obtained  by  such  pioneers  in  this  research  as  General 
Morin,  M.  Dupuit,  M.  Miciielin,  and  others.  Assuming  for  the  time  that 
the  tractive  effort  is  directly  proportional  to  the  load,  ^  curve  has  been 
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plotted  between  tractive  effort  per  ton  and  velocity  (fig.  3)  which  is  useful 
for  comparison  with  similar  curves  for  wheels  of  different  diameters. 

Additional  experiments  were  made  on  pneumat^ic  tyres  under  the 
auspices  of  the  Automobile  Club  of  Great  Britain  and  Ireland.  For 
these  trials  it  was  found  that  the  car  used  by  the  Committee  was  not  of 
sufficient  power  ;  a  24  horse-power  Panhard  and  Levassor  car  was  there- 
fore temporarily  used. 

It  will  be  noticed  in  the  photograph  of  this  later  car  (fig.  6,  Plate  XI.) 
that  the  springs  supporting  the  experimental  wheel  have  been  placed  above 
the  frame,  thus  enabling  the  centre  of  gravity  of  the  trailer  to  be  brought 
very  near  to  the  ground.  This  alteration  was  found  necessary  owing  to 
a  sidelong  oscillation  taking .  place  at  high  velocities  when  the  frame  was 
in   the  position  as  first  arranged.    The  altered  position  proved  quite 

Fig.  2.— Tractive-eflEort  Velocity  Curves  for  24"  x  2f "  Pneumatic  Tyre  on  Macadam. 
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successful,  not  the  slightest  oscillation  of  the  trailer  being  noticed  even 
when  heavily  loaded  and  travelling  at  35  miles  per  hour,  which,  it  must 
be  admitted,  is  a  fairly  high  speed  at  which  to  tow  a  wheel  loaded  with 
a  weight  of  9001b. 

Some  difficulty  was  at  first  experienced  in  getting  this  car  to  pull 
steadily  at  lower  speeds,  as  the  governor  was  constantly  coming  into 
action  owing  to  the  full  power  not  being  required.  This  was  finally  over- 
come by  completely  cutting  out  two  of  the  cylinders,  and  thus  reducing 
the  power  of  the  car  by  half. 

These  experiments  were  made  with  two  sizes  of  tyres,  one  34  inches 
diameter  by  3^  inches,  and  the  other  34  inches  diameter  with  a  mean 
diameter  of  cross-section  of  4^  inches. 
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Runs  were  made  at  speeds  of  from  12  miles  to  35  miles  per  hour, 
over  both  good  macadam,  frozen  hard,  and  good  dry  setts.  The  springs 
supporting  the  trailer  were  3  feet  2  inches  long,  each  having  four 
plates  2\  inches  by  ^%  inch,  and  the  tyres  were  in  all  cases  pumped  to 
a  pressure  of  60  lbs.  per  square  inch,  the  total  load  on  the  wheel  being 
896  lbs.  The  results  obtained  and  plotted  in  fig.  4  show  that  the  tractive 
effort  under  similar  conditions  as  to  road  surface  and  speed  is  lass  for  the 
tyre  of  smaller  cross-section  than  it  is  for  that  having  the  larger  section. 
This  may  be  due  to  the  fact  that  the  tread  of  the  larger  tyre  was  much 
thicker  than  the  smaller,  rendering  it  in  consequence  more  after  the 
nature  of  a  solid  tyre,  it  being  well  understood  that  a  perfect  pneumatic 
tyre  should  have  as  little  inelastic,  or  comparatively  inelastic,  material 
about  it  as  possible  ;  or,  the  greater  tractive  efforfc  may  have  been  due  to 
the  greater  cross-section.  Repeated  experiments  alone  can  deBnitely  setUe 
this  question. 

Fig.  3.— Carve  showing  Tractive  Effort  per  ton  for  Pneumatic  Tyre  24"  x  2f "  on 

Macadam. 
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Fig.  5  shows  these  curves  plotted  as  tractive  effort  per  ton.  On  the 
same  axes  the  tractive  effort  per  ton  has  been  plotted  for  the  previous 
wheel  (pneumatic  tyre  34  inches  by  2|  inches),  and  it  is  very  much  greater 
than  that  for  the  34:-inch  wheels. 

This  Committee  is  not  yet  in  a  position  to  state  the  exact  relation 
between  tractive  effort  and  diameter  of  wheel ;  but,  taking  the  results  of 
General  Morin,  that  the  draught  is  inversely  proportional  to  the  diameter 
of  the  wheel,  a  curve  has  been  plotted  (fig.  5)  which  reduces  the  tractive 
effort  of  the  24-ineh  wheel  to  that  of  an  equivalent  34-inch  wheel.  Con- 
sidering the  variations  that  may  have  existed  in  the  roads  on  which  the 
Vheels  were  tried,  as  it  was  at  different  times  of  the  year,  these  results 
harmonise  fairly  well. 

II.  Suggestions  hy  Mr,  B.  J.  Di2)loch. 

The  following  suggestions  with  regard  to  trials  of  wheels  for  heavy 
traffic  were  subrinitted  it)  the  Cdmtnittee  by  Mr;  B.  J.  Diplock  (member) 
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Fig.  4. — Tractive-effort  Curves  for  34"  Pneumatic  Tyres  on  Kew  Macadam. 


KiQ.  6.— Curves  showing  Tractive  Efforts  per  ton  for  Pneumatic  Tyres. 

(NoTK.— The  macadam  on  whioli  tbe  24"  wheel  was  ran  was  older  than  that  on  which 
the  34"  wheels  were  tried.) 
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at  a  meeting  held  at  the  Society  of  Arts,  London,  on  Friday,  May  15, 
1903  :— 

Assuming  that : 

1.  All  wheels  are  coned  or  straight  in  cross-section  ; 

2.  All  roads  are  arched  or  flat  in  cross-section  ; 

3.  It  seems  evident  that  coned  wheels  on  flat  roads,  thus — 


or  flat  wheels  on  arched  roads,  thus — 


cause  increased  road  resistance  in  proportion  as  the  wheels  are  coned 
or  the  roads  arched  in  relation  to  each  other,  and  that  the  barae  result 
is  caused  by  inequalities  in  the  road  surface — viz.,  that  wide  tyres  do 
not  obtain  an  even  bearing  throughout  their  entire  width,  except  on  very 
soft  and  yielding  ground. 

Starting  from  the  above  statements,  and  as  the  results  of  long  ex- 
perience and  observation,  he  had  come  to  the  conclusion  that  for  heavy 
traffic  wheel  tyres  of  more  than,  say,  9  inches  in  width  have,  in  practice 
little  or  no  material  value  as  tending  to  reduce  road  resistance  or  damage 
to  the  road  surface,  and  he  suggested  that  experiments  might  be  carried 
out  with  a  view  to  testing  the  accuracy  of  this  conclusion. 

Assuming  that  9  inches  were  adopted  as  a  useful  maximum  width 
of  tyre  for  heavy  haulage  on  average  roads,  he  submitted  the  following 
theory : — 

1.  That  the  supporting  power  of  a  road  is  limited  by  the  cohesive 
friction  of  the  road  molecules  or  particles  against  each  other. 

2.  That  this  supporting  power  limit  varies  very  considerably  according 
to  the  material  used  in  constructing  the  road  and  the  moisture  absorbed 
in  the  road. 

He  would  be  prepared  to  find  that  road  resistance  up  to  certain  limits 
of  weight  on  each  wheel  (for  each  class  of  road)  varies  approximately  in 
direct  proportion  to  the  increased  weight  on  each  wheel. 

He  was  of  opinion,  however,  that  if  this  limit  of  weight  per  wheel  is 
exceeded  so  as  to  overcome  the  frictional  cohesion  of  the  road  molecules 
against  each  other,  then  an  entirely  new  set  of  conditions  arises  ;  and  he 
would  be  prepared  to  find  that  road  resistance  would,  under  such  con- 
ditions, increase  altogether  out  of  pn^ortion  to  increased  weight  on  the 
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He  urges  that  the  Committee  take  steps  to  ascertain — 

1.  The  maximum  *  useful  *  width  of  tyre  for  heavy  traffic  on  average 
roads. 

2.  The  '  limit '  of  weight  on  each  whteel  (for  various  classes  of  road)  up 
to  which  road  resistance  increases  in  direct  af^roximate  prc^rtion  to 
the  increase  of  weight  on  each  wheel. 

3.  The  rate  of  increased  road  resistance  when  that  limit  is  moderately 
exceeded. 

III. — Papers  read  at  tlie  InterruUionaX  Congress  on  Automobilismy 

Paris,  1903. 

By  permission  of  the  British  Association  Committee  a  paper  was  read 
at  the  Congress  by  Professor  Hele-Shaw  on  the  work  which  has  been 
carried  out  during  the  past  year. 

He  gave  a  description  of  the  British  Association  dynamometer, 
recounting  the  reasons  why  it  was  decided  to  adopt  the  one-wheel  trailer, 
and  then  gave  a  r^sumd  of  the  experiments  which  have  been  made.  The 
paper  was  illustrated  by  photographs  and  diagrams. 

Abstract  of  Paper  by  M.  Gebabd  La  vers  ne,  on  Tracfional  Vesistatwei-^Tractice 
Effort — Springs — Effect  of  Nature  of  Tyre — Air  Resistance — Power  required 
by  Automobiles, 

Tractive  Effort. 

In  his  paper  M.  Lavergne  referred  to  the  Report  of  this  Committee 
read  at  the  Belfast  meeeting  last  year,  and  gave  some  partkmkivs  of 
similar  experiments  made  in  America.  He  stated  that  Professor  Ira  O. 
Baker,  of  the  Illinois  State  University,  is  of  opinion  that  the  axle  friction 
is  independent  of  the  speed,  but  varies  inversely  as  tiie  square  root  of  the 
load  rapported.  Where  the  vehicles  carried  only  a  Hght  load,  the 
coefficient  of  friction  was  about  0'02 ;  he^avy  loads  gave  an  aven^  of  not 
more  than  0*015,  while  with  exceptionally  heavy  loads  this  coefficient  hML 
as  low  as  0*012.  These  values  assume  efficient  lubrication ;  with  in- 
different lubrication  they  rose  to  as  much  as  six  times  the  amount. 

Concerning  rolling  friction  Professor  Baker  beHevea  that  the  veaist- 
ance  varies  inversely  as  the  square  root  of  the  diameter  of  the  wheels. 

The  values  above  given  for  axle  friction  differ  somewhat  from  those 
given  by  M.  Forestier,  who  gives  0*10  for  an  ordinary  bearing  lubricated 
with  cart  grease,  0*01  with  patent  axle-l)ox  lubricated  with  oil,  0*005  with 
lubricated  ball-bearings,  00025  witb  the  lubricated  '  Philippe '  bearii^ 
(which  last-named  are  ball-bearings  having  small  balls  between  the  larger 
ones,  thus  obviating  friction  amongst  the  latter  and  ensuring  an  equal 
distribution  of  pressure  upon  all  the  balls). 

To  thoroughly  understand  the  difference  between  these  sets  of  figures 
it  would  be  necessary  to  know  the  exact  conditions  of  lubrication  and  the 
nature  of  the  bearings  employed  by  Professor  Baker. 

M.  Lavergne  does  not  consider  that  the  differences  shown  are  very 
surprising,  as  we  know  that  the  coefficient  mentioned  by  M.  Forestier 
has  reference  to  a  patent  journal,  the  wheel  revolving  evenly  in  a  plane, 
without  lateral  jerks,  whilst  a  wheel  revolving  in  less  favourable  condi- 
tions— as,  for  instance,  on  a  rough  paved  road — would  give  a  higher  figure. 
The  most  important  fact  shown  by  Professor  Baker's  experiment  is  that 
the  friction  of  the  journal  varies  with  the  load  upon  the  <<^^l®i^oolP 
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M.  Jeantaud  made  some  experiments  on  road  resistance  with  an 
electric  vehicle.  Such  an  automobile  is  eminently  suited  for  this  work, 
on  account  of  the  perfect  sensibility  and  absolute  accuracy  obtainable. 
He  used  for  these  experiments  a  car  having  four  equal  wheels  fitted  with 
Michelin  tyres  840  by  90  mm.  ;  the  front  axles  were  40*0  mm.  diameter 
and  the  back  axles  were  of  tempered  steel  on  bronze  hubs,  the  diameter 
being  550  mm.  The  car  with  four  persons  weighed  1,780  kilos.,  or  3,925  lbs. 

At  a  speed  of  15  kilometres  per  hour,  or  9*32  miles  per  hour,  this  car 
required  a  current  of  22  amperes  at  80  volts — that  is,  1,760  watts. 

If  15  percent,  is  deducted  as  the  friction  of  the  motor  itself,  the 
energy  of  propulsion  is  1,4960  watts,  or  149*6  kilogrammetres  per  second. 

Working  this  out  in  English  units,  we  have  a  total  tractive  effort  of 
81  lbs.,  or  46  lbs.  per  ton. 

M.  Jeantiiud  has  calculated  with  Morin's  formula  and  coefficients. 

First, — The  rolling  friction,  by  the  formula, 

in  whichyis  a  coefficient  expressed  in  kilogrammes,  varying  with  the 
nature  of  the  road  and  the  width  of  the  tyre,  the  value  of  /  for  a  smooth 
dry  road  being  0010  ;  F,.  is  the  rolling  friction  ;  P  is  the  total  load  on 
the  vehicle  in  tons  ;  and  D  is  the  diameter  of  the  wheel. 
Second, — The  axle  friction  by  the  formulee, 

in  which  «  is  a  coefficient  expressed  in  kilogrammes  (varying  with  the 
mode  of  lubrication  and  the  nature  of  the  rubbing  surfaces)  and  being 
taken  as  equal  to  0*015. 

d  is  the  diameter  of  the  axle,  and  p  the  weight  of  the  car  without  the 
wheels. 

Adding  these  two  resistances  and  multiplying  the  total  effort  by  4*16, 
the  velocity  in  metres  per  second  corresponding  to  15  kilometres  per 
hour,  the  work  done  per  second  is  182'274  kilogrammetres,  or  1,320  ft.  lb. 

This  figure  would  be  that  given  for  an  iron-tyred  vehicle,  the  only 
kind  employed  at  the  time  of  M.  Morin.  According  to  M.  Michelin, 
the  advantfl^e  obtained  by  using  pneumatic  tyres  over  iron  tyres  on  a 
road  similar  to  the  above  would  be  at  least  15  per  cent.  Taking  15  per 
cent,  off  the  figure  obtained,  the  work  expended  on  traction  is  reduced 
to  154*933  kilogrammetres,  or  1,120  ft.  lb.  per  second.  This  value  is 
veiy  near  to  Uiat  actually  obtained,  viz.  1496  kilogrammetres  per  second 
(1,084  ft.  lb.  per  second),  and  this  proves  the  correctness  of  Uie  values 
given  for  the  coefficients /and  s. 

In  January  1903  M.  Jeantaud,  Mrith  the  same  electric  automobile, 
between  the  bridges  of  Bineau  and  Neuilly,  on  a  stretch  of  road  just  1  kilo- 
metre in  lengUi,  showed  that  the  tractive  effort  for  a  road  covered  with 
thick  mud  was,  as  General  Morin  found,  quite  double  that  on  a  dry  road. 

On  January  20,  on  the  road  in  question,  being  then  very  muddy,  the 
track  was  covered  on  the  third  speed  in  4  minutes,  with  a  current  of 
30  amperes  at  80  volts.  In  English  units  this  would  be  a  mean  speed 
of  9*32  miles  per  hour  or  13'^  feet  per  second,  with  a  total  tractive 
^fort  of  130  lbs.,  or  74  lbs.  per  ton. 
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On  January  21,  over  the  same  kilometre,  hardened  by  the  frost  and 
very  smooth,  on  the  third  speed  the  track  was  covered  in  3  minutes 
28  seconds  with  a  current  o£  20  amperes  at  80  volts.  This  speed  would 
be  equivalent  to  10*80  miles  per  hour  or  15*80  feet  per  second,  with  a 
total  tractive  effort  of  75  lb.,  or  42*7  lb.  per  ton. 

Thus  the  tractive  effort  was  42*3  per  cent,  less  on  the  hard  road  than 
on  the  muddy  road  at  the  third  speed.  On  the  fourth  speed  M.  Jeantaud 
found  that  tliis  difference  increased  to  50  per  cent. 

These  experiments  confirm  those  of  General  Morin  and  show  the 
accuracy  with  which  that  ingenious  man  carried  out  his  work.  But  they 
have  to  be  made  at  speeds  near  to  those  used  by  Morin,  aud  it  is  not  at 
all  certain  that  other  experiments,  at  much  higher  speeds,  under  the  new 
conditions  of  automobilism,  so  different  from  those  of  the  iron-tjred 
vehicles,  would  give  corresponding  results. 

Sprin^f, 

When  pneumatic  tyres  are  used,  it  must  not  be  thought  that  springs 
can  be  dispensed  with,  as  the  duty  performed  by  the  tyre  is  quite 
different  from  that  of  the  springs.  The  pneumatic  tyre  does  away  with 
the  slight  vibration  caused  by  the  wheel  encountering  gravel,  stones,  and 
small  obstacles  generally,  but  the  height  of  the  axle  from  the  ground 
scarcely  varies,  as  the  tyre  absorbs  within  itself  these  small  objects. 

Experience  has  proved  that  these  small  vibrations,  if  not  absorbed  by 
the  tyre,  would  be  transmitted  through  the  springs  to  the  body  of  the  car 
to  the  great  discomfort  of  its  occupants,  and  would  tend  to  reduce  the  life 
of  the  motor,  owing  to  the  crystallisation  of  the  parts  subjected  to  strain. 

But  the  pneumatic  tyre  will  not  yield  much  more  than  1  inch,  and 
is  in  consequence  unable  to  save  the  car  from  vibration  when  passing 
over  a  large  obstacle  or  a  deep  rut ;  whereas  the  springs,  with  a  resilience 
of,  say,  4  inches,  would  be  well  adapted  for  this  purpose. 

Spiral  springs  have  been  tried  with  unsatisfactory  results,  and  they 
can  practically  only  be  used  where  heavy  weights  are  carried.  Plate 
springs  must  necessarily  be  employed  when  ease  and  comfort  are  desired. 

It  may  be  pointed  out  here  that  the  method  of  attaching  plate  springs 
to  the  frame  is  a  matter  of  considerable  importance.  M.  Gaillardet 
believes  that  the  usual  method  is  not  at  all  satisfactory.  The  ordinary 
practice  is  to  use  clips  which  are  pivoted  to  a  bracket  depending  from 
the  frame,  these  clips  being  outside  of  and  lower  than  the  normal  plane 
of  the  spring.  From  the  bracket  they  rise  at  an  angle  of  about  45^  and 
meet  the  ends  of  the  spring  to  which  their  upper  ends  are  pivoted.  The 
result  is,  when  the  wheel  passes  over  an  obstruction  of  any  appreciable 
size,  the  axle  rises  under  the  centre  of  the  spring,  the  plates  of  which 
lengthen  (theoretically)  and  tend  to  form  a  straight  line,  and  at  once  the 
load  above  is  thrown  upward  in  the  same  proportion. 

On  the  other  hand,  where  the  clips  are  so  connected  with  the  spring 
as  to  work  within  its  length  and  under  its  ends,  instead  of  beyond  them, 
any  shock  given  to  the  wheel  causes  the  load  to  fall,  and  the  loss  of 
mechanical  energy  is  less. 

M.  Gaillardet  is  of  opinion  that  the  springs  should  be  so  arranged 
that  each  wheel  is  free  to  rise  or  fall  independently  of  the  others.  Wh«i 
this  is  done,  an  obstacle  under  one  wheel  will  raise  that  wheel  only,  and 
the  centre  of  gravity  of  the  whole  car  is  raised  a  smaller  distance  than 
would  otherwise  bo  the  case.     To  attain  this  result  he  proposes  to  mount 
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the  front  axle  on  a  single  transverse  spring,  thus  reducing  the  number  of 
springs  on  the  car  to  three. 

When  the  springs  have  been  depressed  by  an  obstacle  in  the  roadway, 
they  only  return  to  the  position  of  equilibrium  after  a  number  of  oscilla- 
tions of  decreasing  amplitude  have  taken  place.  It  is  advisable  to  spare 
the  vehicle  this  continued  oscillation,  as  at  high  speeds  it  causes  the 
wheels  to  leave  the  ground,  and  consequently  reduces  the  effective  power 
of  the  motor.  M.  Truffault  has  taken  out  a  patent  for  an  arrangement 
to  remedy  this  defect  The  friction  between  two  metal  surfaces  prevents 
the  oscillations  from  arising.  He  tried  a  spring  fitted  with  this  damping 
action  on  a  quadricycle,  which  carried  his  son  to  victory  over  the  kilo- 
metre at  Deauville  in  1901.  This  spring  has  given  very  good  results, 
enabling  one  to  travel  rapidly  even  over  the  worst  of  paved  roads. 

Effect  of  the  KtUitre  of  the  Tyre$. 

The  experiments  of  M.  Michelin  have  shown  that  the  tractional 
resistance  is  reduced  from  15  per  cent,  to  30  per  cent.,  according  to  the 
nature  of  the  road,  by  the  use  of  pneumatic  tyres  in  place  of  metal 
tyres.  He  explains  this  by  the  well-known  saying,  'Le  pneu  boit 
Tobstacle.'  Baron  de  Mauni  in  a  recent  work  has  given  an  account  of 
some  experiments  which  he  made  on  different  tyres,  particularly  pneu- 
matics. He  showed  that  if  two  wheels  with  tyres  of  equal  widths 
supported  equal  loads,  the  one  that  has  the  greater  arc  of  contact  with 
the  ground  will  travel  better  than  the  other.  With  a  rigid  tyre  such 
extended  contact  can  only  be  secured  by  increasing  the  diameter  of  the 
wheel,  which  is  impossible  beyond  certain  limits,  so  that  the  tyre  will 
sink  into  the  ground  by  an  amount  proportional  to  the  weight  carried. 
With  rubber  tyres  the  increased  area  of  contact  is  due  to  the  elasticity  of 
the  material  and  not  to  the  increased  diameter,  so  that  the  wheel  does 
not  sink  into  the  road. 

Professor  Baker's  experiments  seem  to  show  that  on  good  roads  the 
width  of  tyre  has  little  effect  on  the  resistance,  and  that  even  on  bad 
roads  the  advantage  lies  sometimes  with  the  wide  tyres  and  sometimes 
with  the  narrow  ones,  according  to  circumstances.  Arguments  have  been 
advanced  in  favour  of  both  wide  and  narrow  tyres,  but  nothing  very 
definite  seems  to  be  known  on  the  subject ;  according  to  M.  Michelin, 
if  we  reduce  the  width  of  the  tyre  we  reduce  the  adhesion  to  the  ground, 
which  is  already  little  enough.  As  a  case  in  point,  he  mentions  that 
M.  SerpoUet,  in  order  to  attain  a  speed  of  120  kilometres  (75  miles)  per 
hour  on  the  Promenade  des  Anglais  in  1902,  had  to  deflate  his  tyres,  and 
thus  get  a  larger  surface  of  contact  with  the  ground.  Besides,  in  order 
to  get  a  narrow  tread  it  is  necessary  to  give  to  the  tyre  a  form  other  than 
circular,  and  this  shape  can  only  be  retained  at  the  expense  of  its  flexi- 
bility. Consequently  a  tyre  of  this  description  will  be  subjected  to  greater 
internal  friction  in  its  fabric  than  one  naturally  circular  in  section,  and 
the  energy  wasted  will  be  therefore  greater. 

The  whole  question,  however,  is  very  much  open  to  discussion,  and  the 
present  Congress  may  offer  to  the  opposing  schools  an  opportunity  of 
coming  to  some  understanding. 

Resittance  of  the  Air.— Study  of  Formi  to  diminish  this  Resistance, 

The  air  resistance  is  a  retarding  force  of  the  highest  importance, 
especially  where  speed  is  concerned,  and  there  is  unfortunately  great 
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uncertainty  both  as  to  the  formulae  to  be  applied,  and  the  values  of  the 
coefficients  which  appear  in  them. 
The  best  known  formula  is 

R  =  KSV^ 

in  which  R  equals  resistance  in  kilogrammes. 

S  equals  projected  area  in  square  metres  of  total  surface  of  vehicle  on 
a  plane  normal  to  direction  of  motion. 

V  eqttals  velocity  in  metres  per  second. 

K  a  numerical  co-efficient  which  varies  between  very  wide  lioMts 
according  to  the  form  and  the  speed  of  the  veliicle. 

The  formula  by  M .  Desdouits,  R  =  KV,  is  sometimes  preferred,  as  it 
is  more  correct  for  high  speeds. 

The  different  values  given  to  K  in  the  first  formula  may  be  due  to  the 
varied  conditions  under  which  the  experiments  were  made. 

Signer  Canovetti  had  made  some  experiments  at  Zossen  to  detennine 
the  value  of  K.  He  had  a  copper  wire,  380  metres  long,  stretched 
between  the  summit  of  the  fortifications  at  Brescia  and  a  point  in  the 
plain,  about  70  metres  below.  Along  this  wire  different  surfaces  were 
allowed  to  descend  freely.  A  circle,  with  a  surface  of  "073  square  metres, 
moving  with  a  velocity  of  12  metres  per  second,  gave  a  resistance  of 
84  grammes.  The  same  circle,  having  a  spherical  cap  in  front,  ofifered  a 
resistance  of  only  21  grammes.  When  this  hemisphere  was  followed  by 
a  cone,  whose  height  was  five  times  its  diameter,  the  resistance  fell  to 
13  grammes,  or  one-sixth  of  that  of  the  plane  circle.  With  this  same 
HoHd,  turned  the  other  way  about — that  is,  with  the  apex  of  the  oone 
towards  the  direction  of  motion — ^the  resistance  rose  to  18  grammes. 

Signor  Canovetti  has  recognised  that  a  rectangular  surface,  placed 
with  its  long  sides  horizontal,  offers  a  sensibly  greater  resistance  to  the 
air  than  when  its  short  sides  are  horizontal.  His  experiments  seem  to 
show  that  the  coefficient  K  diminishes  somewhat  as  the  speed  increases, 
but  investigations  carried  out  at  Zossen  point  to  the  conclusion  that  the 
resistance  may  increase  tenfold  when  the  velocity  is  only  tripled.  It  is 
thus  clear  that  air  resistance  is  a  matter  of  no  small  importance  when 
speeds  up  to  60  or  80  miles  an  hour  are  attained.  At  85  kikmietres 
(53  miles)  per  hour,  the  eneTgy  required  to  overcome  the  air  resistance  on 
a  vehicle,  with  an  opposing  surface  of  1  square  metre  (1,550  square 
inches),  may  be  7,  11,  or  20  horse-power,  according  to  the  coefficient  K 
given  as  0*0288,  0*0648,  or  0-116  by  MM.  Forestier,  Bouriet^  or 
Thibault. 

The  question  then  arises,  What  is  the  best  shape  for  a  car  ?  The 
answer  depends  on  several  things — as,  for  example,  the  necessity  of  placing 
the  radiator  in  such  a  position  that  it  may  be  efficiently  cooled  by  tlie  air 
rushing  through  it.  Only  general  principles  may  be  laid  down.  The 
front  of  the  car  ought  to  taper,  and  the  back  be  more  pointed  still,  like 
the  form  of  a  fish  :  transverse  rectangular  surfaces  that  cannot  be  dis- 
pensed with,  should,  as  far  as  possible,  have  the  longer  sides  vertical ;  and 
it  is  well  to  have  doors  on  ^e  car  to  prevent  the  air  from  rushing  in 
between  the  dashboard  and  the  seat. 

These  conditions  are  quite  neglected  in  most  of  the  present-day  cars. 
Particularly  is  this  the  case  in  the  *  Coffin  Head,'  that  unlovely  affair  so 
much  in  vogue — a  flat  surface  directly  opposed  to  the  air  pressure.  With 
a  radiator  of  the  honeycomb  type,  a  transverse  position  is  necessary  lor 
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cooling  purf>oseS)  and  Signor  Canovetti  has  shown  evidence  that  a  per- 
forated surface  will  offer  less  resistance  to  the  air  than  a  plane  one  of 
similar  area.  This  is  not  of  much  advantage  with  an  automobile  as  the 
air,  after  having  passed  through  the  holes  in  the  radiator,  meets  with 
further  obstacles  in  t^e  mechanism  inside  the  hood. 

With  regard  to  the  working  parts  situated  under  Uie  car,  these  should 
be  made  by  the  aid  of  inclined  planes  to  cut  the  air  rather  than  oppose  it. 

M.  Lavergne  commends  the  suggestion  of  M.  Forestier  that  different- 
shaped  bodies  should  be  mounted  on  an  electric  chassis,  and  the  total 
resistance  of  chassis  and  body  accurately  measured,  so  that  a  really  prac- 
tical model  could  be  designed. 

Power  required  h/  AiitomoHUs. 

Under  this  heading  M.  Lavergne  has  shown  the  enormous  reduction 
of  weight  per  horse-power  that  has  taken  place  during  the  last  eight 
years.  In  1895,  Levassor  made  the  run  from  Paris  to  Bordeaux  in  a 
4  horse-power  car  weighing  about  1  ton,  or  1  horse-power  per  550  lb.  dead 
weight.  In  1896  this  weight  was  reduced  to  365  lb.  per  horse-power ;  in 
1900  it  fell  to  90  lb.  per  horse-power.  In  the  recent  Paris-Madrid  race 
M.  Gobron  Brillie  appeared  with  a  100  horse-power  car,  the  weight  of  which 
represented  only  22  lb.  per  horse-power.  This  weight  has  been  still 
further  reduced  in  the  case  of  motor  bicycles,  reaching  as  low  a  figure  as 
17*5  lb.  per  horse-power. 

But  there  is  not  a  corresponding  increase  in  speed.  In  1901 
M.  Foumier  made  over  53  miles  per  hour  with  a  28  horse-power  Mors  ; 
last  year  M.  de  Knyff  only  slightly  exceeded  58^  miles  per  hour  with  a 
70  horse-power  motor  ;  that  is,  an  additional  40  horse-power. 

To  what  must  this  relatively  small  increase  of  speed  be  attributed  ? 
Air  resistance  is  responsible  for  some  increase  but  certainly  not  all. 

An  extremely  powerful  motor  must  be  accompanied  by  a  comparatively 
heavy  load,  otherwise  the  wheels  do  not  *  bite'  well  and  energy  is  wasted. 
It  is  well  known  that  the  modem  racing-car  skims  along  the  surface  of 
the  course,  without  sufficiently  close  contact  between  the  wheels  and  the 
ground  ;  in  any  case  driving  wheels  should  be  more  heavily  weighted  and 
springs  made  less  elastic.  To  reduce  the  power  lost  in  vibration,  the 
engine  should  be  more  perfectly  balanced,  and,  if  necessary,  the  fly-wheel 
and  motor  itself  made  heavier.  *  Who  shall  say,'  M.  Lavergne  concludes, 
*  whether,  instead  of  building  very  powerful  yet  extremely  light  motors — 
the  durability  of  which  is  questionable — it  would  not  be  better  to  rest 
content  with  a  vehicle  of  smaller  power,  and  use  it  more  effectively  ? ' 

IV.  Negotiations  tvith  the  War  Office. 

At  a  Committee  Meeting  held  at  the  Society  of  Arts  on  May  15, 
1903,  it  was  proposed  that  as  the  expenses  of  this  research  were  extremely 
heavy  it  would  be  advisable  to  approach  the  Mechanical  Transport 
Committee  of  the  War  Office,  in  order  to  see  if  they  would  conduct  the 
experiments  with  heavy  traction,  as  they  had  at  their  command  various 
powerful  motors  and  traction  engines,  together  with  the  necessary  variety 
of  wheels.  The  Transport  Committee  in  return  would  have  the  use  of 
the  British  Association  recording  instruments  for  their  own  experiments. 

This  British  Association  Committee  would  have  access  to  the  in- 
formalion  obtained  which  was  of  a  scientific  character  witili  a  view  to 
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publication,  but  it  would  not  concern  itself  with  data  relating  to  the 
actual  waggonR  and  other  matters  of  a  purely  military  character. 

As  a  result  the  Transport  Committee  replied  favourably,  and  arrange- 
ments, it  is  hoped,  will  now  be  made  by  which  important  work  will  be 
carried  on  by  that  Committee,  thereby  avoiding  the  very  heavy  expense 
to  meet  which  it  is  difficult  to  raise  funds  from  private  sources. 


Small'  Screw  Oatuje, — Report  of  the  Committeej  consisting  of  Sir 
W.  H.  Preece  iChah'man)^  W.  A.  Price  (Secretary)^  Lord  Kelvin, 
Sir  P.  J.  Bramwell,  Sir  H.  Trueman  Wood,  Major-Gen.  Webber, 
Col.  Watkin,  Lieut.-Col.  Crompton,  A.  Stroh,  A.  Le  Neve 
Foster,  C.  J.  Hewitt,  G.  K.  B.  Elphinstone,  E.  Kigg,  C.  V. 
Boys,  J.  Marshall  Gorham,  0.  P.  Clements,  W.  Taylor,  Dr. 
R.  T.  Glazebrook,  and  Mark  Barr,  appointed  to  consider  means 
by  which  Practical  Effect  can  he  given  to  the  introduction  of  the  Screw 
Qauge  p^*opo8ed  hy  the  Association  in  1884. 

This  Committee  was  originally  appointed  at  tbo  York  meeting  of  the 
British  Association  in  1881,  and,  after  considerable  labour,  they  made 
their  final  report  at  the  Montreal  meeting  in  1884,  recommending  a  very 
useful  series  of  small  screws,  which  were  very  generally  adopted  for  watch 
and  electrical  apparatus.  At  the  Ipswich  meeting  of  the  British  Associa- 
tion in  1895  the  Committee  was  reappointed  to  consider  complaints  that 
screws  of  the  British  Association  thread  proposed  by  the  Committee 
in  1884  were  not  interchangeable.  It  appeared  to  the  Committee  that  the 
difficulty  arose  from  want  of  some  rea.dy  means  of  constructing  gau^i^  for 
testing  the  screw  thread,  and  they  endeavoured,  during  the  years  1896-9, 
to  remedy  this  by  the  construction  of  a  series  of  such  gauges.  The  edges  of 
the  threakd,  as  is  well  known,  are  rounded  at  the  crests  and  roots,  and  great 
difficulty  was  experienced  in  obtaining  satisfactory  gauges  for  such  a  form, 
while  it  was  stated  that  a  flat-topped  thread  could  be  accurately  made,  and 
gauged  with  comparative  ease.  At  th^  Dover  meeting,  in  1899,  this  Com- 
mittee reported  recommending  that  they  should  be  reappointed  for  the 
purpose  of  considering  whether  the  British  Association  form  of  thread  for 
small  screws  should  be  modified.  This  recommendation  was  adopted,  and  as 
a  result  the  Committee  reported  at  the  Bradford  meeting,  in  1900,  that  it 
was  desirable  to  replace  the  present  form  of  screws  from  No.  0  to  No.  11, 
by  one  having  a  fiat  top  and  bottom  to  the  thread.  It  was  pointed  oat 
that  in  the  belief  of  the  Committee  such  screws  would,  owing  to  the  inevit- 
able rounding  at  the  edges,  be  interchangeable  with  the  old  stock  in  the 
majority  of  cases,  and  that  only  where  great  care  had  been  taken  to  work 
closely  to  the  old  standard  would  any  difierence  be  noticed,  so  that  practi- 
cally while  the  B.A.  small  screw  gauge  had  a  fiat- topped  thread,  the 
B.A.  screws  would  still  have  rounded  tops  and  bottoms.  After  making 
recommendations  to  the  above  effect  the  Committee  was  reappointed 
to  obtain  a  set  of  the  proposed  screws,  with  tools  and  gauges  for  a  com- 
parison with  the  present  ones.  Additional  members  were  added,  and  new 
light  was  thrown  on  the  matter  by  their  assistance.  On  the  one  hand,  it 
appears  that  gauges  can  be  constructed  readily  and  accurately  only  if  the 
thread  be  fiat  top(>ed.  On  the  other,  that  screws  made  with  any  ordinary 
form  of  screwing  tackle  will  have  round  tops,  but  that  the  form  of  these 
tops  will  vary  and  may  vary  to  such  an  extent  as  to  prevent  the  inter- 
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changeability  of  the  screws.  The  resolution  of  1900,  modifying  the  form 
of  the  thread,  was  intended  to  apply  to  the  gauges  only,  and  it  was  supposed 
that  the  roots  and  crests  of  the  thread  in  screws  formed  by  dies  or  in  nuts 
formed  by  taps  would  still  be  rounded,  and  the  form  of  the  thread  would 
thus  approximate  very  closely  to  that  of  the  Montreal  definitions.  How- 
ever, in  view  of  the  facts  which  have  been  put  before  them,  the  Committee 
now  think  it  best  to  state  explicitly  that  they  do  not  propose  to  alter  the 
form  of  the  B.A.  screw  thread,  and  that  they  desire  to  withdraw  the 
recommendation  accepted  at  Bradford  in  1900. 

The  original  form  of  the  British  Association  screw  thread  was  laid 
down  in  the  Montreal  Report,  1884,  to  the  following  effect,  viz.  : 

The  angle  of  the  thread  was  defined  to  be  47*5°. 

The  values  of  the  pitches  and  of  the  external  diameters  of  the  screws 
were  scheduled  in  millimetres  ;  the  depth  of  the  thread  was  defined  to  be 
sixteenths  of  the  pitch,  and  the  radius  of  the  rounding  was  to  be  the 
same  at  root  and  crest.  The  radius  of  the '  rounding  was  very  nearly 
two-elevenths  of  the  pitch  by  this  rule. 

This  definition,  closely  adhered  to,  led  to  inconveniently  small  frac- 
tions in  those  quantities  which  had  to  be  calculated  from  the  scheduled 
dimensions,  but  this  may  be  avoided  if  we  replace  the  definition  by  an 
equivalent  schedule  of  dimensions  of  all  parts  from  which  the  insignificant 
figures  are  omitted. 

Retaining  the  angle  of  47*5^  in  all  cases,  we  adopt  the  following 
schedule  : 

British  Association  Screws* 
Schedule  I. — Schedule  of  dimensions  in  viillimetrcs. 


DosigiiAiing 
Ntunber 

PiichP 

0 

I'O 

1 

•9 

2 

•81 

3 

•73 

4 

'^^ 

6 

•r>o 

6 

•53 

7 

•48 

8 

•43 

9 

•39 

10 

•36 

11 

•31 

12 

•28 

13 

•25 

14 

•23 

15 

•21 

16 

•19 

17 

•17 

18 

•Ifi 

19 

•14 

20 

•12 

21 

1            ^l 

22 

1       -10 

23 

•09 

24 

•08 

25 

•07 

Oulside 
diameter  D 


Core 
diameter  C 


Depth  of 
Thread  d 


•6 
•54 
•485 
•44 
•395 
•355 
•32 
•29 
•26 
•235 
•21 
•186 
•17 
16 
•14 
•125 
;115 
•10 
•09 
•085 
•07 
•065 
•06 
•055 
•05 
•04 
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In  all  cases  the  length  of  bearing  surface  oti  the  sides  of  the  screw 
most  not  be  reduced  below  that  ffiven  by  the  standard  form  of  screw. 
In  Schedule  I.  the  effective  diameter  is  a  mean  of  the  outside  and  core 


Fig.  1. 


diameters,  and  the  dimensions  figured  T^  Tg  in  fig.  1  (called  trun- 
cations) are  equal  to  each  other.  The  values  of  T,  T^  are  tabulated  in 
Schedule  XL 
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SCHRDULB  II. — SohsduU  of  truncations  of  normal  threads  in  millimetrrs. 


Number 

Truncatiou 

Number 

Truncation 

0 

•268 

i               13 

•067 

1 

•241 

14 

•061 

2 

•218 

•               15 

•057 

3 

195 

16 

•061 

4 

•178 

17 

•047 

5 

•158 

18 

•040 

6 

•141 

19 

•037 

T 

•128 

20 

•033 

8 

•114 

21 

•030 

9 

•104 

23 

•027 

10 

•094 

23 

•024 

11 

•084 

1              24 

•021 

12 

•074 

25 

•020 

For  the  conveaience  of  English  measurement,  the  nearest  equivalents 
of  the  pitches  and  diameters  of  screws  in  thousandths  of  an  inch  are  given 
in  Schedule  III. 


Schedule  III. — Schedule  of  approximate  dimensiom  in  thottsandtht 

of  an  ifich. 


Number      | 

Pitch 

Diameter 
236 

.   Number 
13 

Pitch 

1     Diameter 

^           i 

39-4 

9-8 

;      47 

1           1 

35-4 

209 

14 

91 

39 

2 

31-9 

185 

15 

8-3 

!           35 

3 

28-7 

161 

16 

75 

31 

4         ! 

260 

14» 

H 

6-7 

28 

^           t 

23-2 

126          , 

18 

5-9 

a* 

6           1 

20-9 

110 

19 

5-5 

21 

7 

18-9 

98 

20 

47 

19 

8 

16-9 

87 

21 

43 

;           17 

9           1 

16-4 

75 

92 

3-9^ 

1           IS 

la 

18^8 

67 

23 

36 

1      y^ 

11        ! 

^2-2 

^9 

24 

31 

1      1^ 

12 

1 

110 

51 

25 

2^8 

L       _^V 

In  practice  interchangeability  has  been  to  some  extent  secured  by 
allowing  clearances  at  the  root  and  crest  of  the  thread.  The  Committee 
think  it  desirable  to  suggest  the  amount  of  these  clearances  in  the  gauges, 
and  they  have  agreed  : 

(a)  That  c)earance  should  be  provided  at  the  root  of  the  thread  of  the 
screws,  and  should  be  obtained  by  cutting  the  thread  of  the  screw  deeper 
than  the  nonrnal,  thereby  reducing  the  diameter  of  the  core  ; 

(6)  That  clearance  may  be  provided  B,t  the  crest  of  the  thread  of  the 
screw,  and  should  be  obtained  by  the  use  of  a  tap  whose  outside  diameter 
is  greater  than  the  normal ; 

(c)  That  the  limits  of  thes«  cleavanoes  h%  defined  by  the  iigures  o{ 
B«hedukiT*  .  v.  ^  .i^ 
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SCHBDULE  IV.— Schedule  of 

maximum  and  minimvm  diameters  of  the  cores  of 

sortwst  and  of  the  outnde  diameters  of  tajti^ 

where  clearance  is  provided. 

De»ignating 
Number 

Cores  of  Screws 

Outside  diameters  of  taps 

Maximnm                Minimum 

Minimum 

0 

4-74 

4-6 

62 

6-06 

1 

416 

404 

548 

6-86 

2 

3-68 

357 

4-86 

4-75 

3 

317 

307 

4*25 

416 

4 

2-77 

2-68 

3-77 

3-64 

6 

2-46 

2-37 

8-32 

324 

6 

218 

205 

2-91 

2-83 

7 

1-89 

1-82 

2-60 

2-53 

8 

1-65 

1-59 

229 

223 

9 

1-41 

136 

198 

192 

10 

1-26 

1-21 

1-77 

172 

11 

111 

107 

1-56 

1-62 

12 

■94 

•9 

1-36 

132 

13 

•88 

•86 

1-26 

122 

14 

•71 

•67 

1-06 

101 

16 

•64 

•61 

•94 

•91 

16 

•55 

•52 

•83 

•80 

17 

•49 

•47' 

•73 

•71 

18 

•43 

•41 

•66 

•63 

19 

•36 

•34 

•57 

•65 

20 

•33 

•32 

•50 

•49 

21 

•28 

•27 

•44 

•43 

22 

•24 

•23 

•39 

•38 

23 

•21 

•20 

•35 

•34 

24 

•18 

•17 

•81 

•30 

26 

•16 

•15 

•27 

•26 

If  clearances  up  to  the  amount  indicated  in  Schedule  lY^  be  generally 
adopted  by  makers,  interchangeability  will,  in  the  opinion  of  the  Com- 
mittee, be  thereby  promoted  ;  and  the  Committee  recommend  that,  except 
in  the  case  of  screws  made  for  special  cases,  the  above  clearances  in  the 
core  and  outside  diameters  of  the  screws  be  adopted  as  normal. 

As  appears  from  the  above  considerations^  for  many  purposes  the 
Committee  do  not  attach  great  importance  to  the  exact  form  of  the  thread 
at  the  crest  and  root. 

While  adhering  then  to  the  form  of  the  thread  as  laid  down  in  the 
Montreal  Eeport,  and  in  Schedule  I.  above,  they  would  advise  the  accept- 
ance as  £.A.  screws  of  all  screws  which  pass  the  nut  gauge  (1)  described 
below  and  have  the  requisite  core  and  outside  diameters,  and  of  which 
the  straight  portions  of  the  sides  are  not  less  than  those  of  the  standard 
screw. 

The  Committee  have  given  a  very  long  time  to  the  consideration  of 
various  forms  of  gauges.  As  appears  from  their  earlier  reports,  it  is  clear 
that  the  difficulty  of  constructing  gauges  with  rounded  crests  and  roots 
has  not  been  overcome,  and  the  Committee  are  reluctantly  compelled  to 
relinquish  the  tiisk  of  making  gauges  of  the  ideal  B.A.  form  following 
the  outline  A,  b,  C,  d,  b,  f,  o,  h,  k  (fig.  2).  Two  possible  forms  of  flat-topped 
gauges  for  screws  have  been  considered  :  (1)  a  gauge  following  the  outline 
A,.c>  N\  o.  G,  K  ;  (2)  a  gl^iige  foljipwing  the  outline,  a^  l,  m,  n,  o,  p,  q,  k. 
With  rie^aiii  tb  (1)  it  is  clear  that  While  it  Vill  ibsi  Ihb  pitch  aiid  ihe 
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effective  diameter,  it  will  not  gauge  the  root  of  the  thread,  and  will  not 
therefore  separate  screws  which  are  interchangeable  with  a  standard  nut 
from  those  which  are  not.  Besides  testing  a  screw  with  a  nut  gauge  of 
this  form,  it  will  be  necessary  to  test  its  core  diameter  by  means  of  a  gap 
or  notch  gauge.  If  the  screw  pass  the  nut  gauge,  and  have  at  its  root  the 
clearance  recommended,  it  is  practically  certain  it  will  be  interchangeable 
with  a  nut  of  standard  form.  A  screw  which  passes  this  gauge  and 
has  the  requisite  diameters  as  given  in  Tables  I.  and  II.  at  the  core 
and  outside,  and  the  requisite  bearing  surface,  may  be  called  a  £.A. 
screw. 

The  other  form  of  flat-topped  gauge  which  has  been  considered  follows 
the  outline  a,  l,  m,  n,  o,  p,  q,  k.  A  gauge  of  this  form  will  test  the  mini- 
mum diameter,  as  well  as  the  pitch  and  effective  diameter  of  screws,  and 
all  screws  which  pass  it  are  interchangeable  with  the  standard  nut. 
Moreover,  in  view  of  the  clearance  recommended  at  the  root,  the  Com- 
mittee anticipate  that  in  practice  this  gauge  could  be  usefully  employed. 
At  the  same  time  it  is  clear  that  it  will  not  pass  a  screw  any  part  of 
which  lies  above  the  lines  l  m,  p  q,  and  that  it  would  therefore  reject  a 
screw  having  the  standard  form. 

Fig.  2. 


—  SCREW  — 


Thus  in  conclusion  the  Committee  recommend  : 

I.  That  the  form  of  the  standard  B.A.  thread  be  that  defined  at  the 
Montreal  meeting  in  1884,  and  which  follows  the  outline  a,  b,  o,  d,  e,  f, 
o,  H,  K  of  fig.  2. 

II.  That  the  form  of  the  B.A.  gauge  for  screws  be  that  defined  by  the 
outline  a,  c,  n,  o,  o,  k,  and  that  this  be  used  with  a  gap  or  notch  gauge,  as 
described  in  the  report. 

III.  That  the  dimensions  of  the  notch  gauge  be  such  as  to  ensure  that 
the  core  diameters  lie  between  the  limits  given  by  Schedule  IV. 

IV.  That  a  screw  which  passes  the  B.A.  gauge,  and  of  which  the 
core  and  outside  diameiers  are  given  by  Table  II.  and  Table  I.  respec- 
tively, be  accepted  a^  '^  B.A.  screw,  provided  that  the  length  ot 
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bearing  sui^kce  ia  not  rechioed  below  the  )^g<ih  oorreaponding  to  d,  c  in 
fig.  2. 

A  niackine  has  been  made,  under  the  superintendence  of  the  Committee, 
by  the  Cambridge  Scientific  Instrument  Company,  for  the  accurate 
measurement  of  screw  gauges.  A  description  of  this  is  given  in  ^e 
Appendix.  The  machine  has  been  placed  in  charge  of  the  Committee  c^ 
the  National  Physical  Laboratory,  and  the  Director  of  that  Institution 
is  prepared  to  undertake  the  measurement  of  gauges  and  screws  submitted 
for  examination. 

The  Committee  have  further  to  report  that  the  Engineering  Standards 
Committee  have  appointed  an  influential  sub-committee  to  deal  with  the 
standardisation  of  gauges  of  all  kinds,  including  screw  gauges,  and  that 
in  their  opinion  the  work  which  tkey  have  been  doing  may  with  advantage 
be  left  to  this  committee  and  to  the  National  Physical  Laboratory  to 
carry  on.  The  Committee  have  not  considered  in  detail  the  question  of 
the  Hmits  of  error  in  screws  purporting  to  represent  the  B.  A  thread. 
This  matter  they  think  it  desirable  to  leave  to  the  Engineering  Standards 
Committee,  who  will  be  able  to  discuss  it  in  connection  with  larger  screws 
and  gauges.  On  the  other  matters  submitted  to  them  they  do  not  wish  to 
report  further.  In  consequence  they  present  this  as  their  final  report, 
and  do  not  ask  for  reappointment, 


We,  the  undersigned  members  of  the  Small  Screw  Gauge  Committee, 
do  not  accept  in  its  entirety  the  above  report,  as  we  consider  that  some  of 
the  recommendations  contained  in  it  are  not  those  held  by  the  whole  of 
the  Committee. 

1.  The  report  appears  to  explicitly  restore  without  modification  the 
form  of  the  original  B.  A.  thread  as  defined  in  the  Montreal  Report. 

2.  It  provides  gauges  for  testing  threads  of  a  form  differing  from  those 
laid  down  in  the  earlier  part  of  the  same  report. 

The  work  of  the  first  three  years  of  this  Committee  showed  that  the 
difficulty  in  constructing  tools  and  gauges  of  the  B.A.  thread  was  at  the 
root  of  the  inaccuracy  complained  of  in  commercial  screws.  On  that 
ground  the  Committee  asked  for  an  extended  reference,  and  recommended 
a  new  form  of  thread.  The  construction  of  taps  for  the  old  thread  re- 
quires exceptional  manipulative  skill,  and  does  not  admit  of  great  exact- 
ness. An  average  tool  maker  can  produce  taps  of  the  new  thread  without 
diflBculty,  and  the  process  admits  of  extreme  refinement.  Moreover,  since 
the  manufacture  both  of  gauges  and  of  screwing  tools  alike  depends  upon 
the  construction  of  accurate  taps,  the  adoption  of  a  form  of  thread  which  . 
is  easily  produced  met  at  once  the  difficulties  of  the  screwing  tools,  and 
of  gauges  or  trial  pieces  for  testing  screws  when  made. 

The  present  report  from  which  we  dissent  confirms  the  recommenda- 
tion of  this  form  of  thread  for  the  gauges,  but  withdraws  it  from  screws, 
notwithstanding  that  on  account  of  the  number  used  the  simplification  in 
the  construction  of  taps  is  more  valuable  in  the  case  of  those  for  screwing 
tools  than  in  those  for  gauges. 

Although  we  admit  the  fact  that  screws  made  in  dies  ^or.4ik^f  re  wing 
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machines  will  haye  some  rounding  at  the  crests  and  roots  of  the  thready 
we  believe  that  we  can  secure  the  objects  for  which  this  Copunittee  was 
appointed  in  1895,  viz.,  to  produce  in  a  material  form  g^mges  which  could 
be  checked  by  ^  central  authority,  such  as  the  Board  of  Trade  or  the 
National  Physical  laboratory,  and  certified  copies  of  which  could  be  issued 
to  manufacturers  and  buyers  of  screws  to  secure  commercial  interchange- 
f^hility. 

We  recommend,  therefore,  with  reference  to  threads  Nos.  0-1 1  : — 

1.  That  sets  of  gauges  should  be  made  and  verified,  each  set  consisting 
of  six  pieces  as  follows,  A-F. 

A.  A  male  gauge  screw  of  the  pitch  and  effective  diameter  laid  down 
for  the  distinguishing  number  in  Schedule  I.,  the  thread  having  a  Y-shaped 


Body  of  Screw 


root,  and  a  crest  flattened  cyli^drically  to  the  over-all  diameter  laid  down 
in  the  table.     The  outline  of  the  threiui  is  in  fig.  3,  A  C  F  K  M  P  S  U. 

This  piece  A  is  for  the  purpose  of  testing  nuts  and  nut  gauges  to  check 
the  correctness  of  the  pitch,  angle  of  thread,  effective  diameter,  and  root 
diameter,  and  for  checking  the  hole  gauge  E. 

B.  A  tap,  a  copy  of  A  in  all  pespects,  except  that  it  is  fluted  and 
backed  off  as  a  tap,  and  that  the  crests  are  left  nearly  approaching  the 
sharp  y  form  as  is  possible,  so  as  to  maintain  a  cutting  edge  with  this 
angle  of  thread,  i.e.  47*5  degs.  The  outline  of  this  thread  is  in  fie.  3, 
ABFLPTU. 

This  piece  B  is  to  be  used  solely  for  cutting  the  thread  of  the  nut 
gaug^C. 

0.  A  nut  gauge,  the  thread  of  which  is  cut  by  the  tap  B,  the  crest 
being  afterw^ds  reamered  out  to  such  a  diameter  as  experience  may  show 
is  necessary  to  give  suitable  minimum  clearance  at  this  point  to  ensure 
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that  roachinemade  screws  wDl  enter  the  nuts  or  tapped  holes.     The  out* 
line  of  this  is  A  B  E  G  L  O  Q  T  U. 

D.  A  notch  gauge  to  test  the  core  diamctets  of  male  screws. 

E.  A  hole  limit  gauge  to  test  crest  diameters  of  male  screws  and  to  be 
checked  by  piece  A.  The  diameter  of  this  is  diameter  D,  fig.  1, 
Schedule  I. 

F.  A  cylinder  plug  gauge  to  tebt  the  diameter  of  the  hole  in  the  gauge 
nut  C  in  commercial  nuts  or  tapped  holes. 

The  diameter  of  this  is  diameter  C,  fig.  1,  Schedule  I. 

2.  That  the  standard  B.  A.  screw  be  defined  as  a  screw  which  conforms 
to  the  gauges  described  above  in  all  respects  except  in  the  form  of  the  Orest 
and  root  of  the  thread,  which  are  unimportant . 

R.    E.    CROMPtON. 
J.    M.    GORHAM. 

G.  K.  B.  ElphinstoItk. 
Mark  Barr. 
C.  Vernon  BotS. 
O.  P.  Clements. 
W.  A.  Price. 


APPENDIX. 

The  Committee  have  had  constructed  for  them  by  the  Cambridge 
Scientific  Instrument  Company  a  machine  for  measuring  small  screws 
microscopically.  In  figs.  4  and  5  are  given  drawings  of  the  instrument,  of 
which  fig.  4  is  a  plan  of  the  compound  stage  with  the  microscope  removed, 
and  fig.  5  is  an  end  elevation  showing  the  arrangement  of  the  microscope. 
The  screw  to  be  measured  is  held  in  a  spring  chuck  in  the  spindle  (A). 
By  means  of  the  two  micrometer  screws,  S,  Sg,  the  screw  is  moved  along 
geometric  slides  in  two  directions  at  right  angles.  The  screw  is  aligned 
parallel  to  the  micrometer  S,  by  the  adjusting  screws  B  C.  The  pitch  of 
the  micrometer  screws  (which  were  supplied  by  the  Browne  and  Sharpo 
Company)  is  0*5  mm.,  and  the  heads  are  divided  into  fifty  parts,  enabling 
readings  to  be  taken  directly  to  0*01  mm. 

The  screw  is  illuminated  from  below  by  a  plane  mirror  and  is  observed 
by  the  microscope  M.  Rough  focussing  is  effected  by  sliding  the  micro- 
scope in  the  tube  T,  the  fine  adjustment  being  accomplished  by  the 
micrometer  screw  S3,  which  raises  and  lowers  T.  The  tube  T  can  also  be 
rotated  about  its  axis  without  disturbing  the  focus,  and  the  amount  of 
rotation  measured  by  means  of  a  scale  on  D.  The  eyepiece  and  object- 
glass  of  the  microscope  are  by  Zeiss.  The  eyepiece  is  furnished  with 
suitable  cross -wires  in  silver. 

A  series  of  spring  chucks  for  different  diameters  of  screws  accom- 
panied the  machine. 

Digitized  by  CjOO^IC 


ON  THE  SMALL  SCREW  GAUGE. 


38/ 


Digitized  by 


Gpflgle 


388 


HEfoM— 1903. 


Fig. 


Digitized  by 


Google 


ANTHROPOMETRIC  INVESTIGAtlON  IN  GREAT  BRITAIN  AND  IRELAND.       389 


Anthropometric  Investujation  in  Oreat  Britain  and  Ireland. — Reepmi'  of 
a  Committee  consisting  of  Pttyfeflsor  J.  ClELAND  {Vhairman)^  Mi% 
J.  Gray  (Secreiart/),  Dr.  T.  H.  Bryc^,  Professor  D.  J.  CnNmtJCJHAM, 
Professor  A.  F.  Dixon,  Mr.  E.  N.  Fallaize,  Dr.  A.  C.  Haddon, 
Dr.  D.  Hepburn,  and  Mr.  J.  L.  Myri-:s. 

The  following  circular,  which  was  sent  to  certain  persons  and  institutions 
known  to  be  engaged  in  anthropometric  work  in  the  British  Isles,  and  to  a 
few  of  the  more  distinguished  physical  anthropologists  in  foreign  countries, 
will  explain  the  objects  for  which  the  Committee  was  formed  : — 

British  Assocudion  for  the  Adrancemeid  of  Scieiux, 

1903. 

Dear  Sir, 

A  Committee,  consisting  of  Professor  J.  Cleland  (Chair)nan\  Mr.  J. 
Gray  (Secretary),  Dr.  T.  H.  Bryce,  Professor  J.  D.  Cunningham,  Professor 
A.  F.  Dixon,  Mr.  E.  N.  Fallaize,  Dr.  A.  C.  Haddon,  Dr.  D.  Hepburn, 
and  Mr.  J.  L.  Myres,  has  been  appointed  by  this  Association  to  organise 
Anthropometric  Investigation  in  Great  Britain  Und  Ireland. 

The  objects  which  the  Committee  have  in  view  may  briefly  be  stated  to 
be  as  follows  : — 

1.  To  establish  uniform  standards  in  Anthropometric  Investigation. 

2.  To  ascertain  which  measurements  are  likely  to  prove  the  most 

fruitful  in  result. 

3.  To  formulate  broad  lines  of  co*operation. 

Much  valuable  work  done  in  various  parts  of  the  country  in  this 
branch  of  Anthropological  Science  is  at  present  very  imperfectly  utilised, 
owing  to  the  difficulty  of  obtaining  information  as  to  the  centres  at  which 
it  is  carried  on,  and  because  different  meth^xls  of  measurement  are 
employed  at  different  centres.  The  Committee,  therefore,  think  it 
desirable  to  obtain  information  regarding  these  methods,  in  order  to 
consider  which  are  most  to  be  recommended  for  utility,  accuracy,  and 
convenience,  and  in  the  hope  that  a  consistent  scheme  may  be  formulated 
for  general  use  throughout  Great  Britain  and  Ireland. 

For  this  purpose  certain  questions  have  been  drawn  up,  which  will  be 
found  on  the  annexed  sheet,  and  I  am  desired  by  the  Committee  to  request 
your  co-operation  in  furthering  its  objects  by  answering  those  questions 
and  returning  your  answers  to  me  at  your  early  convenience. 

I  am. 

Yours  faithfully, 

J.  GRAY. 

AH  comTtouirictttiotis  should  be  addressed  to  me  : — 

Anthropological  Institute, 

3  Hanover  Square, 

London,  Wt 
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1.  Are  you  engaged  in  any  anthropometric  investigations  1  If  so, 
what  measurements  do  you  usually  take,  and  what  classes  of  people  have 
you  measured  ?  (Enclose  copy  of  Schedule  in  use,  if  any,  adding 
description  of  exact  mode  of  measurement) 

2.  What  instruments  are  you  accustomed  to  use  for  making  the 
measurements  i 

3.  When  were  the  measurements  first  taken,  and  over  how  long  a 
period  are  your  records  of  measurements  available  ? 

4.  Are  the  measurements  published  ?  If  so,  in  what  form,  in  full  or 
jn  abstract  ?    If  in  abstract,  are  the  original  records  available  ? 

5.  With  what  object  have  the  observations  been  made— e.^.  identifi- 
cation ;  registration  of  growth  ^ ;  detection  of  racial  difierences  ;  correla- 
tion with  occupations ;  determination  of  influence  of  relationships ;  or 
other  purpose  t 

6.  Have  assistants  been  employed  in  making  any  of  the  measurements  f 
If  so,  have  they  received  any  special  training,  and  of  what  kind  f 

7.  How  far  do  you  regard  the  results  which  you  have  obtained  hitherto 
as  satisfactory  *  and  what  modifications,  if  any,  are  suggested  by  yoar 
past  experience  ? 

8.  Add  any  remarks  not  falling  within  the  previous  headings. 

Forty -seven  circulars  were  sent  out  and  sixteen  replies  were  received. 
A  summary  of  the  replies  is  given  in  the  Appendix. 

The  following  remarks  and  suggestions  originating  out  of  the  Secretary's 
report  have  been  drawn  up  by  the  Chairman  of  the  Committee  : — 

Remarks  and  Suggestions  by  Professor  Cleland. 

It  is  disappointing  that  so  few  answers  have  been  given  in  response  to 
the  Committee's  circular,  and  that  those  which  have  been  sent  show  in  so 
many  cases  work  confined  to  certain  departments  of  Anthropometry  to 
the  exclusion  of  others  ;  but,  having  been  kindly  furnished  by  our 
Secretary  and  Reporter,  Mr.  Gray,  with  a  sight  of  the  nmterials  at  his 
disposal,  I  cannot  refrain  from  expressing  my  belief  that  he  has  made  out 
of  them  as  much  as  could  be  made. 

So  far  as  explicit  answers  to  the  questions  in  our  circular  are  con- 
cerned, the  Committee  cannot  be  said  to  have  been  very  successful,  but 
the  absence  of  direct  results  in  that  respect  suggests  the  question  how  far 
this  or  some  such  Committee  may  be  of  use  by  itself  proposing  some 
such  method  of  research  as  may  with  advantage  be  generally  adopted 
with  a  view  to  the  facilitation  and  organLsation  of  research. 

The  following  suggestions  occur  to  me  ; — 

1.  Inasmuch  as  age  and  sex  are  of  themselves  sources  of  variations  of 
most  distinct  descriptions,  I  should  say  that,  except  for  the  purpose  of 
studying  these  two  kinds  of  variations,  measurements  should  all  be  made 
on  males  not  younger  than  30  years  and  not  older  than  about  45.  I 
have  shown  in  the  '  Philosophic  Transactions '  many  years  ago  that  the 
male  growth  is  typical,  and  that  the  deviations  which  occur  in  the  female 
are  inconstant  in  nature  and  degree.  I  base  my  recommendation,  both 
in  respect  of  age  and  of  sex,  on  my  own  experience  in  craniometry,  but 
J  would  extend  it  to  measurements  of  all  parts  of  the  body. 

*  Jn  thfs  psse  state  at  what  iDtervals  the  measurements  were  repeated* 
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II.  Absolute  measurements  are  more  valuable  than  any  percenteige 
proportions  or  so-called  indices.  Indices  can  be  easily  calculated  when 
the  absolute  measurements  are  given  on  which  to  base  them.  The 
so-called  cranial  index,  or  proportion  of  breadth  of  skull  to  length,  I  have 
34  years  ago  proved  to  be  utterly  valueless.  The  proportion  of  height  of 
akuU  to  length  leads  to  much  more  natural  grouping  of  nationalities.  It 
is  well  known  that  the  tendency  to  length  of  skull  increases  with  stature, 
and  therefore  when  it  is  possible  the  total  stature  should  be  given  along 
with  the  cranial  measurements. 

in.  In  racial  investigations  on  the  living,  and  in  class  investigations, 
as  of  soldiers,  trades,  and  schoolboys,  as  also  in  estimation  of  peculiarities 
characteristic  of  different  parts  of  the  country,  I  should  recommend  such 
a  plan  as  the  following  : — 

A.  Measurements  of  Head. — 1.  Length  from  glabella  to  occipital 
probole.  2.  Radial  length -measurements  of  cranium  (as  suggested  by 
Busk)  from  orifice  of  ear  to  nasion,  glabella,  middle  frontal  distance, 
fronto-nasal  and  fronto-parietal  points,  and  the  vertex  or  greatest  height 
between  these  two  last — occipital  probole  and  occipital  tuberosity. 
3.  Facial  length  measurements  from  orifice  of  ear  to  base  of  columella 
of  nose,  tips  of  upper  incisors,  and  prominence  of  chin,  as  also  the 
distance  from  nasion  to  base  of  columella. 

B.  Measurements  of  Body  and  Limbs. — 1.  Stature  should  be 
measured  :  (a)  standing,  with  the  shoes  off,  and  during  a  full  inspira- 
tion ;  (6)  sitting  well  back  and  upright  against  a  wall,  and  in  full 
inspiration. 

2.  Breadth  of  shotdders  from  outside  the  head  of  the  humerus,  with 
the  arms  by  the  side. 

3.  IntertrocJianteric  breadth, — The  breadth  at  the  crest  of  the  ilium 
may  for  ordinary  purposes  be  neglected,  seeing  that,  as  I  have  shown,  it 
is  increased  by  muscularity  and  by  want  of  resistance  in  the  special 
textures. 

4.  Span,  with  the  arms  stretched  horizontally,  the  palms  looking 
forwards.     This  is  the  most  reliable  mode  of  measuring  length  of  arm. 

5.  Handy  length,  and  the  breadth  of  palm  across  the  knuckles. 

6.  Foot,  length,  and  breadth  at  balls  of  toes.  Both  measurements 
should  be  taken  with  the  weight  of  the  body  pressing  the  foot  fiat  against 
the  ground. 

7.  Chest  circumference,  in  full  inspiration,  measured  by  a  tape  at  the 
level  of  the  lower  end  of  the  mesostemum.  This  measurement  deserves 
special  attention,  as  the  notion  on  which  importance  is  given  to  it  in 
selection  of  recruits  is  manifestly  unsound,  inasmuch  as  a  large  chest 
with  a  small  vital  capacity  means  inactivity  of  the  individual  parts  of 
the  lungs,  and  liability  thereby  to  phthisis  ;  and  therefore  a  large  chest  is 
of  questionable  advantage,  except  when  accompanied  with  proportional 
activity  of  respiration. 

IV.  Weight  should  always  be  attended  to  in  measurements,  testing 
health  during  growth.  It  should  be  taken  in  schools  at  regular  intervals 
and  frequently. 

So  much  for  the  question  of  selection  of  measurements ;  but  if  the 
C!ommittee  is  to  be  of  use  it  must  get  its  methods  employed,  and  mus^ 
gather  together  the  ^ork  received  sg  as  tp  obtain  results. 
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For  ibese  purposes  the  Committee  wouM  haV6  to  be  contintred,  and 
must  enter  on  a  new  labour.  I  should  recomtnend  that  (as  I  have 
already  indicated)  it  should  confine  itself  to  measttrenients  of  the  living, 
leaving  the  study  of  human  remains,  as  a  latgfe  and  very  different  subject, 
to  be  taken  up  by  individual  anatomists  skilled  in  its  intricacies. 

A  deputation  might  be  enjpowered  to  commtinicate  with  the  War 
Office  to  instruct  medical  ofTicei's  at  the  military  depCts  to  help  by  filling 
up,  in  the  case  of  as  many  soldiers  as  they  may  be  disposed  to  measure, 
the  details  of  a  schedule  to  be  furnished  by  the  Comtaittee,  the  schedule 
mentioning,  in  addition  to  mefiisurements,  the  name,  birthplace,  and  age 
of  the  soldier  examined.  By  this  means  the  variations  of  ^ult  males  in 
different  districts  may  easily  be  ascertained  systematically. 

In  like  manner  the  Education  Department  might  be  communicated 
with  to  get  the  head  masters  of  Board  schools  to  fill  up  schedules  of 
measurements,  weight,  age^  and  birthplace  of  each  of  the  boys  and  girls 
under  their  charge.  The  schedules  sent  to  schools  should  be  kept  as 
simple  as  possible,  especially  in  view  of  the  measurements  and  weights 
requiring  to  be  repeated  at  stated  and  not  too  distant  periods. 

Prol»bly  the  results  to  be  obtained  by  collation  of  schedules  will  be 
best  worked  out  by  Government  employees,  and  this  opens  up  the 
question  whether  it  may  not  be  best  for  the  Committee  of  the  Anthropo- 
logical Section  to  prepare  suitable  schedules  and  get  the  Council  of  the 
Association  to  approve  them,  and  approach  Government  through  a  depu- 
tation headed  by  the  President  of  the  Association. 

The  foUotving  Report  lias  been  dratun  7ip  by  the  Secretary ^  and  embodies 
suggestions  made  by  certain  other  inembers  of  the  Committee : — 

The  replies  to  the  circulars  show  that  the  number  kA  measurements 
made  on  each  subject  by  different  observers  varies  from  the  four  to  six 
measurements  made  on  boys  at  public  schools  to  some  160  measurements 
or  observations  made  in  the  Anthropometric  Laboratory  at  Florence. 

Among  the  instruments  stated  to  be  in  use  are  Matthieu's,  Garson's, 
Cunningham's,  Gtay's,  Gladstone's,  and  Matthew  Hay's. 

If  we  except  \'eterans  like  Dr.  Beddoe,  most  of  those  who  have  replied 
to  the  circular  have  commenced  Anthropometric  work  within  the  last  few 
years.  At  the  present  time  there  is  a  promising  increase  of  activity  both 
among  private  investigators  and  in  connection  with  High  Schools. 

In  the  Appendix  there  will  be  found  references  to  publications 
describing  methods  or  results  of  Anthropometric  work. 

The  objects  of  the  observations  mentioned  include  most  of  those 
enumerated  in  question  5.  At  schools  the  objects  are  usually  the  regis- 
tration of  growth,  though  in  some  cases,  as  at  the  Grammar  School, 
Aberdeen,  much  more  extensive  observations  are  made,  as  may  be  seen 
by  the  schedule  published  in  the  Appendix.  Dr.  Gladstone's  investiga- 
tions have  in  view  the  determination  of  the  correlation  between  the  size 
of  the  head  and  intellectual  ability. 

Most  of  the  correspondents  insist  on  the  importance  of  the  training 
of  assistants. 

With  a  few  exceptions,  the  results  of  the  measurements  are  con^ 
sidered  satisfactory.  Mr.  Meyrick  considers  that  chest  measurements 
and  circumference  measurements  of  the  head  are  untrustworthy ;  Dr. 
Gladstone  is  also  of  the  same  opinion.  Professor  Reid  recommends 
greater  simplicity  of  the  schedule.     Mr.  Galton  recommends  the  applica* 
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tidn  of  the  Higher  Statistical  Methods  developed  by  Professor  Karl 
Pearson. 

The  Committee  considers  that  the  objects  which  it  has  in  view,  as 
stated  in  the  circular  above,  would  be  best  attained  by  establishing  a 
Central  Bureau  or  Laboratory,  which  would  collect  and  disseminate 
information  on  anthropometric  work,  give  practical  instruction  in  mea- 
suremenls,  and  supply  schedules. 

By  this  me^ns  uniform  standards  in  anthropometric  investigations 
would  be  secured,  measurements  best  suited  for  any  specified  investiga- 
tion could  be  recommended,  and  co-operation  between  investigators  could 
be  secured.  The  Laboratory  could  also  measure  and  give  certificates  of 
measurements  when  desired.  Since  the  abolition  of  Mr.  Galton's  Anthro- 
pometric Laboratory  at  South  Kensington  no  convenient  place  has  been 
available  in  London  where  any  member  of  the  public  could  go  to  be  measured, 
and  judging  from  letters  which  have  appeared  in  the  newspapers  (see  *  Times,' 
July  21,  1902),  there  appears  to  be  a  demand  for  such  an  institution. 
The  Laboratory  which  the  Committee  recommend  would  supply  this 
demand,  and  the  statistics  collected  would,  in  the  course  of  time,  form 
very  valuable  material  for  determining  the  physical  characteristics  of  the 
British  people.  This  Laboratory  need  not  be  made  a  new  centre  of 
activity,  but  should  preferably  be  offered  to  some  existing  institution 
such  as  the  Anthropological  Institute. 

Tlie  Committee  beg  to  acknowledge  the  assistance  given  by  the 
Atithrojpological  Ihstitute  in  providing  headquarters  for  the  Committee. 

The  Committee  desire  to  be  reappointed  with  instructions  to  carry 
out  the  recommendations  in  the  Chairman's  report,  and  to  draft  a  scheme 
for  such  an  Anthropometric  Laboratory  as  is  suggested  above. 


APPENDIX. 

British  Isles, 

Beddoe,  J.,  P.R.S.,  uses  callipers,  the  compas  glissiere,  and  tape.  He 
has  taken  measurements,  of  all  kinds  of  people,  during  many  years.  Most 
of  these  measurements  have  been  published  by  the  old  Anthropometric 
Committee  of  the  British  Association,  the  material  being  still  in  Dr. 
Beddoe's  possession,  also  in  Dr.  Beddoe's  works  *  Stature  and  Bulk '  and 
*  Races  of  Britain,'  and  in  several  papers.  For  head  measurements 
Dr.  Beddoe  considers  that  no  assistant  should  be  employed  who  has  not 
been  personally  trained  and  watched. 

Browne,  C.  R.,  M.D.  (Trinity  College,  Dublin),  writes  that  in  the 
Anthropological  Laboratory,  Trinity  College,  Dublin,  conducted  by  him- 
self, under  the  supervision  of  Professor  D.  J.  Cunningham,  measurements 
have  been  made  since  1891  of  students  of  Tiinity  College,  Dublin,  and  of 
peasants  of  the  fanning  and  fishing  class  in  the  West  of  Ireland.  The 
instruments  used  are  (for  field  work)  Carson's  anthropometer,  Henry's 
self- registering  craniometer,  compas  glissiere,  and  Flower's  craniometer  ; 
(for  laboratory  work)  Flower's  craniometer,  Garson's  instruments,  Cun- 
ningham's radial  craniometer,  and  Watson's  index  calculator.  The 
measurements  are  nearly  all  published  ip  the  *  Proceedings  of  the  Royal 
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Irish  Academy/  *  The  principal  objects  of  the  observations  are  registration 
of  growth  (at  six -month  intervals),  correlation  with  occupations  in 
lalx>ratory  work,  and  detection  of  racial  differences,  dbc.,  in  field  work. 
Assistants  trained  by  Dr.  Browne  were  employed  in  making  measure- 
ments. Dr.  Browne  agrees  with  Mr.  Meyrick  and  Dr.  Gladstone  that 
chest  measurements  and  circumferences  of  the  head  are  unreliable  ;  he 
considers  that  the  schedule  used  should  be  as  simple  as  'possible. 
Assistants  should  have  a  thorough  practical  training  in  measuring ; 
unskilled  measurers  are  liable  to  make  grave  mistakes.  Schedules  used 
in  the  laboratory  and  for  field  work  have  been  received  from  Dr.  Browne. 
He  considers  it  very  desirable  that  a  common  form  of  schedule,  or  at 
least  a  common  series  of  observations,  should  be  drawn  up  for  the  use 
of  all  observers.  He  also  recommends  that  standard  skulls  should  be  used 
for  checking  and  verifying  methods  of  measurement. 

Cunningham,  D.  J.,  M.D.,  F.R.S.  (Professor  of  Anatomy,  The  Univer- 
sity, Edinburgh),  writes  that  anthropometrical  work  has  been  carried  on 
for  the  last  ten  years  in  the  Anthropological  Laboratory  of  Trinity 
College,  Dublin.  The  Irish  Laboratory  has  published  numerous  Reports 
in  the  *  Proceedings '  of  the  Royal  Irish  Academy,  giving  the  results  not 
only  of  its  Dublin  work,  but  also  of  its  yearly  peripatetic  field  work 
(see  Browne,  C.  R.,  M.D.). 

Duckworth,  W.  L.  H.  (University  Lecturer  on  Physical  Anthropo- 
l<^gy>  Cambridge),  writes  that  the  Anthropometric  Committee  of  the 
Cambridge  Philosophical  Society  maintains  an  assistant  who  measures  all 
University  members  who  present  themselves  at  the  Library  of  the  Society. 
The  principal  measurements  are  stature,  span,  length,  breadth,  and  height 
of  head ;  physiological  measurements,  e,g,^  visual  acuity,  strength  of 
grasp,  lung  capacity,  are  also  made.  In  the  University  Laboratory  of 
Anthropology,  instruction  in  Anthropometry  is  given,  but  no  local 
research  is  being  conducted  at  the  present  date  (August  1903). 

*  The  following  is  a  list  of  papers  on  work  done  in  connection  with  the  Anthropo- 
metric Laborator>s  Mnity  College,  Dublin :  Part  I.  Laboratory  Work.  —1.  *  Some 
New  Anthropometrical  Instruments,  C.  R.  Browne,  M.D.  (Proc.  Roy,  Irish  Acad., 
3rd  Series,  vol.  ii.  No.  3).  2.  •  On  some  Crania  from  Tipperary,*  C.  R.  Browne,  M.D. 
(ibid.,  3rd  Series,  vol.  ii.  No.  4).  3.  *  Studies  in  Irish  Craniolopy  :  the  Aran  Island^ 
Co.  Galway/  Professor  A.  0.  Haddon  (ibid.,  3rd  Series,  vol.  ii.  No.  5).  4.  '  On  some 
Human  Remains  recently  discovered  near  Lismore,'  D.  J.  Cunningham,  M.D.,  F.R.S., 
and  C.  R.  Browne,  2^1.D.  (t6u2.,  3rd  Series,  vol.  iv.  No.  4).  5.  'Report  on  some 
Osseous  Remains  found  at  Old  Connaaght,  Bray,  Co.  Dublin,*  D.  J.  Cunningham, 
M.D.,  F.R.S.,  and  C.  R.  Browne,  M.D.  (ibid.,  3rd  Series,  vol.  iii.  No.  5).  G.  •  Report 
on  Prehistoric  Burial  near  Newcastle,  Co.  VVicklow,*  George  Coffey,  C.  R.  Browne, 
M.D.,  and  T.  J.  Westropp,  M.A.  (ibitL,  3rd  Series,  vol.  iv.  No.  4).  7.  *  Report  on  the 
Work  done  in  the  Anthropometric  Laboratory  of  'lYinity  College,  Dublin,  from  1891 
to  18*»8.'  C.  R.  Browne,  M.D.  (ibid.,  3rd  Series,  vol.  v.  No.  2).  Part  II.  Field  Work.— 
1.  •  The  Ethnography  of  the  Aran  Islands,  Co.  Qalway,'  Professor  A.  C.  Haddon  and 
C.  R.  Browne,  M.D.  (ibid.,  181)3).  2.  *  The  Ethnography  of  Inishbofin  and  Inish- 
shark,  Co.  Galway,'  C.  R.  Browne,  M.D.  (ibid.,  3rd  Series,  vol.  iii.  No.  2).  3.  *  The 
Ethnographyof  the  Mullet,  Inishkea  Islands,  and  Portacloy,  Co.  Mayo.'C.  R.  Browne, 
M.D.  (ibid.,  3rd  Series,  vol.  iv.  No.  1).  6.  *The  Ethnography  of  Clare  Island  and 
Inishturk,  Co.  Mayo '  (ibid.,  3rd  Series,  vol.  v.  No.  1).  6.  •  Ethnography  of  Garumna 
and  LettermuUan,  Co.  Galway,*  C.  R.  Browne,  M.D.  (ibid  ).  7.  •  The  Ethnography 
of  Cama  and  Mwecnish,  Co.  Galway,*  C.  R.  Browne,  M.D.  (ibid.,  3rd  Series,  vol.  vi. 
No.  3). 

Papers  will  shortly  be  pabllshed  on  the  following  districts :  Dunquin,  co.  Kerry ; 
Malinmore  and  Malinbeg,  co.  Donegal ;  thp  district  pf  Ardnmlin,  co,  Doi)fgal  (by 
C.  ^.  Prqwne,  M.D.). 
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The  chief  instruments  used  are  Flower's  craniometer,  Martin's 
traveller's  anthropometer,  Pearson's  headspanner. 

The  records  of  the  Anthropometric  Committee  of  the  Philosophical 
Society  extend  over  many  years,  and  they  were  used  about  15  or  20 
years  ago  by  Dr.  Venn  in  a  paper  entitled  *  Cambridge  Anthropometry  ' 
(*Jour.'  Anth.  Inst.)  (see  also  Horton-Smith  in  'Nature'  about  1895). 
Measurements  for  crania  and  on  living  persons  are  published  in  the 
*  Journal '  of  the  Anthropological  Institute  and  in  the  *  Journal '  of  the 
Camb.  Phil.  Society.  (See  a  pamphlet  on  the  *  Anatomical  Museum  at 
Cambridge,'  by  W.  L.  H.  Duckworth.) 

The  observations  used  by  Dr.  Venn  enabled  him  to  compare,  in  respect 
of  physical  development,  men  who  in  their  final  examinations  took 
1st,  2nd,  and  3rd  classes  respectively.  Otherwise,  detection  of  racial 
differences  has  been  the  chief  object  of  research. 

The  Camb.  Phil.  Soc.  nmintains  an  assistant  who  has  been  instructed 
how  to  make  the  observations  :  this  assistant  does  not  appear  to  have 
attended  any  special  course  of  instruction  on  the  principles  of  anthro- 
pometry. 

The  measurements  made  in  connection  with  the  Philosophical  Society 
have  been  but  little  utilised.  At  the  University  Laboratory,  instruction 
has  been  given  to  about  300  students  in  the  last  four  years,  and  about 
two  per  cent,  of  these  have  up  to  the  present  contributed  to  our  know- 
ledge of  general  anthropology.  As  the  great  bulk  of  these  students  are 
still  pursuing  their  medical  studies,  it  is  still  early  to  pronounce  on  the 
final  results  of  the  instruction  given,  for  naturally  medical  students  have 
but  little  time  for  the  pursuit  of  such  researches  as  are  the  subject  of 
inquiry  here. 

Galton,  Francis,  F.R.8.,  refers  to  the  list  of  papers  published  by  him 
in  the  Royal  Society  Catalogue  of  Scientific  Papers.  He  says  :  *  The 
conclusions  to  which  a  great  many  and  various  experimental  inquiries 
have  led  one  are  a  distrust  of  statistical  results  unless  the  data  are 
collected  under  conditions  that  (1)  wlwlly  exclude  bias  and  (2)  the  occa- 
sional presence  of  large  disturbing  iri/tueuces,  I  do  not  think  that  laxity 
in  measurement  matters  much,  so  long  as  laxity  does  not  lead  to  error  in 
one  direction  ;  in  fact,  I  know  that  a  vast  deal  of  effort  is  wasted  in 
minuteness  of  measurement.  In  speaking  of  bias,  I  mean,  not  only 
personal  (often  unconscious)  bias,  but  any  influence  that  gives  a  one-sided 
airection  to  the  results.  An  instrument  that  has  a  sensible  index  error, 
which  is  not  allowed  for,  gives  a  bias  to  the  results.  In  every  new  pro- 
posed inquiry,  great  pains  and  much  consideration  should  be  given  before 
beginning  it^  to  be  sure  that  the  plan  is  not  vitiated  by  unsuspected 
causes  of  error.' 

Mr.  Galton  considers  that  400  cases,  of  which  the  two  sets  of  200 
agree,  are  quite  sufficient  for  any  statistical  investigation.  The  probable 
error  of  the  result  should  always  be  calculated  and  given.  He  highly 
recommends  the  methods  of  the  higher  statistics  as  so  greatly  advanced 
by  Professor  Karl  Pearson. 

Garson,  J.  G.,  M.D.,  has  described  his  method  of  measurement  and 
instruments  in  *  Notes  and  Queries  on  Anthropology,'  published  by  the 
Anthropological  Institute.  He  uses  callipers,  steel  tape,  set  squares,  and 
sliding  rules  of  various  kinds.  He  has  designed  a  combination  instrument 
called  the  *  Traveller's  Anthropoiyieter '  by  which  all  the  i^si^al  measi|r^- 
ipents  cftft  be  m^e. 
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The  dasses  he  has  measured  during  the  past  16  or  17  years  are 
the  professional  classes  and  criminals.  His  results  are  published  in  the 
British  Association  Reports  and  in  the  *  Journal '  of  the  Anthropological 
Institute.  The  objects  of  his  observations  were  chiefly  to  determine 
racial  differences  and  range  of  variation,  and  for  identification.  Assistants 
thoroughly  trained  by  himself  have  been  employed.  He  considers  that 
the  measurements  taken  should  depend  on  the  nature  of  the  investigation, 

Gladstone,  R.  J.,  M.D.  (Middlesex  Hospital),  writes  :  '  I  am  at  present 
engaged  in  an  anthropometric  investigation,  and  the  principal  measure- 
ments which  I  have  taken  are  the  stature  and  hoclt/  weighty  along  with  the 
following  head  measurements  : 

(/)  Length — from  glabella  to  occipital  point. 

(6)  Breadth — greatest  transverse  diameter  above  zygomatic  arches. 
{h)  Height — from  biauricular  line  to  vertex. 

(c)  Circumference — taken  in  a  horizontal  plane,  passing  through  a 
point  just  above  the  glabella  in  front,  and  the  occipital  point  behind. 

*  In  ]X)8t-inortem  subjects  I  have  also  recorded  the  tveight  of  the  brain.^ 

0 

*  My  measur^Bments  have  included  the  following  groups : — 

*  The  Students  of  the  Middlesex  Hospital 
*The  Medical  Staff  of  the  Middlesex  Hospital. 

*  The  Porters  and  Male  Servants  of  the  Middlesex  Hospital. 

*  Boys  of  St.  Katheriine's  School,  Regent's  Park, 

*  100  Female  Inmates  of  St.  Pancras  Workhouse. 

*  50  Male  Inmates  of  St.  Pancras  Workhouse. 

*  Male  and  Female  Subjects  in  the  post-mortem  room  of  the  Middlesex 
Hospital. 

*  I  inclose  the  schedule  which  I  have  used  to  record  data,  for  the  first 
three  groups  ;  I  have  however,  in  addition  to  the  items  indicated  in  it, 
taken  full  and  profile  photographs  of  the  head  and  shoulders,  and  the 
horizontal  contour  of  the  head. 

*  2.  I  have  used  your  (Gray's)  callipers  for  taking  the  longitudinal  and 
transverse  diameters  of  the  head  ;  and  the  instrument  you  had  made  for 
me  for  taking  the  height  from  the  biauricular  line  to  the  vertex.  In 
using  this  I  take  special  care  that  both  the  head  and  the  instrument  are 
held  vertical.  . 

*  3.  My  first  measurements  were  taken  in  May  1901,  and  I  have 
continued  taking  measurements  up  to  the  present  time  (1  year  10  months). 

*  4.  In  November  of  last  year  (1902),  I  gave  a  preliminary  communica^ 
tion  embodving  some  of  my  results  to  the  "  Anatomical  Societv  of  Great 
Britain  ana  Ireland,"  and  showed  a  series  of  tables  giving  the  average 
measurements  of  different  groups;  the  Society  are  publishing  the  com- 
munication with  the  tables  in  the  "  Journal  of  Anatomy  and  Pnysiology." 
This  communication  does  not  include  the  records  from  the  post-mortem 
room,  which  are  not  yet  complete,  and  in  making  use  of  these  I  hope  to 
have  the  assistance  of  Professor  Karl  tearson. 

*  5.  One  of  my  chief  objects  in  this  investigation  has  been  to  determine 
whether  there  is,  or  is  not,  any  variation  in  the  size  and  shape  of  the 
head  correlated  with  varying  degrees  of  mental  ability  ;  and  if  so  in 
what  direction,  and  to  what  extent.  In  carrying  out  this  part  of  the 
inquiry  I  have  classed  thp  individuals  composing  the  first  two  groups,  and 
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the  boys  of  St.  Katherine*s  School,  into  three  divisions,  according  to 
whether  they  possess  a  high,  average,  or  low  degree  of  mental  abuity, 
and  have  compared  these  classes  with  one  another. 

*  From  the  post-mortem  records  I  hope  to  obtain  a  formula,  by  which 
the  approximate  brain  weight  may  be  calculated  from  outside  measure- 
ments, and  to  ascertain  the  extent  to  which  variation  may  occur  from  the 
general  mean,  among  cases  which  may  be  considered  as  normal. 

*  6.  The  majority  of  my  measurements  have  been  taken  by  one 
assistant — a  gentleman  in  whose  accuracy  and  care  I  have  every  conti- 
dence  ;  the  post-mortem  cases  have  been  measured  by  a  second  assistant, 
who  is  equally  conscientious  and  trustworthy. 

*  I  have  myself  explained  to  them  the  method  of  using  the  instruments, 
and  the  importance  of  accuracy  in  making  and  recording  each  measure- 
ment. 

*  7.  -As  far  as  they  go,  my  figures  appear  to  indicate  a  correlation 
between  large  size  of  head  and  a  high  degree  of  mental  ability,  but  there 
are  many  exceptions  to  the  rule.  These  I  believe  to  be  accounted  for 
chiefly  by  race  differences. 

'  The  results  which  I  have  obtained  in  the  different  groups  appear  to 
accord  very  closely  with  one  another,  and  with  the  results  which  have 
been  published  by  Alfred  Binet  in  "  L'Ann^e  Psychologique,"  1901  ;  my 
figures  are,  however,  much  smaller  than  those  of  Professor  Binet,  and 
others  which  have  been  published  in  this  country,  and  I  shall  therefore 
most  gladly  co-operate  with  the  Committee  of  the  British  Association  by 
allowing  my  figures  to  be  used  in  combination  with  others,  if  desired. 

*With  regard  to  modifications  of  my  previous  work,  I  should  be 
inclined  to  discard  the  longitudinal  and  transverse  arcs  of  the  head,  in 
preference  for  the  "  minimal  frontal  diameter  "  of  Broca.  The  external 
occipital  protuberance  is  in  many  subjects  quite  indefinite,  and  all  tape 
measurements  vary  considerably  with  the  condition  of  the  hair ;  so  that 
although  I  have  taken  these  two  tape  measurements  and  the  horizontal 
circumference,  I  have  not  made  use  of  them  in  estimating  capacity. 

*  I  believe  a  few  principal  measurements  such  as  the  loflgitudinal, 
transverse,  and  vertical  diameters  taken  accurately  will  f umisn  far  better 
results  than  a  large  number  of  subsidiary  measurements  which  etiotmously 
complicate  statistical  work,  and,  at  least  for  the  purpose  which  I  have  had 
in  hand,  are  of  very  questionable  value. 

*  In  investigating  the  influence  of  any  particular  characteristic,  such 
as  mathematical  or  musical  talent,  a  great  deal  of  valuable  time  may  be 
saved  by  simply  comparing  the  extremes  with  one  another,  and  if  the 
average  measurements  have  been  found  for  the  particular  country  or 
district,  I  should  regard  it  as  unnecessary  to  measure  the  average 
individuals  in  whom  the  characteristic  in  question  was  neither  conspicu- 
ously developed  or  altogether  absent. 

*  I  think  much  may  be  gained  by  careful  selection,  and  grouping  of 
the  individuals  measured,  and  that,  on  the  other  hand,  there  is  a  danger 
in  dealing  with  a  large  number  of  figures  obtained  from  different  sources 
of  losing  in  the  general  mass,  class,  or  type  characteristics  which  may  be 
of  great  significance.* 

Gray,  J.,  B.Sc,  and  Tochkr,  J.  F.,  F.I.C.,  have  been  engaged  on 
anthropometric  work  since  1895.  The  measurements  usually  taken  were 
length  and  breadth  of  headj  and  height  standing  and  sitting.  The  ch^ss 
of  people  measured  were  farfn  labourers  and  artisans  in  n^ral  ^istrictgi  i^ 
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East  and  West  Aberdeenshire.  About  400  persons  have  been  measared 
in  East  Aberdeenshire,  and  about  100  in  West  Aberdeenshire.  A  pig- 
mentation survey  of  about  15,000  school  children  in  East  Aberdeenshire 
has  also  been  carried  out. 

The  instruments  used  were  a  compass  callipers,  and  Gray's  sliding 
callipers  ;  a  specially  designed  stand  and  chair  for  measuring  height 
standing  and  sitting  was  used. 

The  measurements  are  published  in  the  *  Journ.*  Anthrop.  Inst.,  1900, 
and  in  the  *  Trans.'  of  the  Buchan  Field  Club. 

Some  of  the  measurements  have  been  made  by  trained  assistants,  but 
the  most  of  the  measurements  have  been  made  by  themselves. 

The  objects  of  these  measurements  have  been  the  detection  of  racial 
differences. 

The  results  show  that  the  population  of  Aberdeenshire  is  very  much 
darker  than  that  of  Scandinavia  and  North  Germany.  There  is,  however, 
a  certain  percentage  of  the  blond  Scandinavian  element,  which  decreased 
as  we  go  inland.  The  predominant  brunette  element  is  very  broad- 
headed  and  tall,  and  appears  to  correspond  to  the  early  British  bronze- 
ago  type. 

Experience  suggests  the  necessity  for  thorough  practical  training  for 
assistants,  who  should  be  drilled  under  an  expert  instructor  till  they  can 
without  fail  make  accurate  measurements. 

Messrs.  Gray  and  Tocher  are  also  engaged  in  measuring  the  inmates  of 
lunatic  asylums  in  Scotland  with  the  view  of  ascertaining  whether  there 
is  any  correlation  between  external  physique  and  insanity. 

Mr.  Tocher,  through  an  assistant,  measured  a  number  of  Esquimaux. 
The  analysis  of  the  results  is  published  in  *  Man,*  1902. 

Mr.  Gray  measured  about  100  natives  of  India  in  the  Coronation 
contingent,  and  about  the  same  number  of  natives  of  Africa,  Fijians, 
Maoris  iu  the  Colonial  Coronation  contingent.  The  results  of  the 
Indian  measurements  are  published  in  *  Man,'  May  1903.  The  African 
<kc.  measurements  will  be  published  at  an  early  date  in  the  *  Joum.' 
Anthrop.  Inst. 

Hay,  Matthew,  M.D.  (The  University,  Aberdeen),  has  recently  ex- 
amined and  measured  600  school  children  between  the  ages  of  six  and  fifteen 
for  the  Royal  Commission  on  Physical  Training.  His  schedule  is  very 
elaborate,  and  provides  for  a  record  of  measurements,  pigmentation,  tests 
of  sight  and  hearing,  intelligence,  and  other  characteristics.  The  instru- 
ments used  were  several  instruments  devised  by  himself  for  measuring 
height,  standing  and  sitting,  height  of  head,  &c,y  and  Gray's  callipers. 
All  the  measurements  were  made  in  November  1902.  The  results  will 
be  published  in  the  report  of  the  Royal  Commission,  and  the  original 
records  are  available.  Medical  graduates  were  employed  as  assistants. 
The  results  obtained  are  considered  to  be  very  satisfactory. 

Myers,  C.  S.,  M.A.,  M.D.,  has  measured  (1901-1902)  about  1,300 
Soudanese  and  fellaheen.  He  measured  stature  with  tape  and  set  square  ; 
for  the  face  he  used  the  ordinary  compass  callipers,  and  for  other 
measurements  of  the  head,  Gray's  callipers.  His  schedule  specified 
46  measurements.  A  special  feature  of  his  measurements  is  a  number 
of  radii  measured  from  the  biauricular  line.  For  this  purpose  he 
used  the  instrument  used  by  Dr.  Gladstone,  with  an  attachment  for 
measuring  angles  devised  by  himself.  The  objects  of  his  observations 
were  the  detection  of  racial  differences  and  the  deterndnatipn  of  the 
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comparative  physical  efficiency  of  the  Egyptian  army.  The  measurements 
have  not  yet  been  published. 

Be,  as  a  result  of  his  experience,  recommends  that  anthropometric 
Workers  should  be  specially  trained,  and  should  be  supplied  with  models 
and  figures  whose  dimensions  have  been  standardised  by  approved  in- 
vestigators. Frequent  recourse  should  be  had  to  these  models  to  prevent 
unconscious  deviation  from  recognised  methods  of  measurements. 

Mbyrick,  E.  (Marlborough  College),  writes  that  measurements  have 
been  taken  at  Marlborough  College  since  1874,  chiefly  with  the  object  of 
registering  growth.  The  measurements  taken  are  height,  weight,  chest 
expanded,  chest  emptied.  The  measurements  are  taken  by  college  masters 
of  scientific  and  mathematical  training.  He  considers  that  chest  measure- 
ments, and  other  measurements  dependent  on  the  intelligence  or  will  of 
the  subject,  are  unreliable,  and  circumference  measurements  of  the  head 
vary  with  the  quantity  of  the  hair.  The  only  measurements  he  finds 
reliable  are  height  and  weight. 

Marshall,  J.,  M.  A.,  LL.D.  (Rector,  Royal  High  School,  Edinburgh), 
writes  that  measurements  have  been  taken  since  1899  for  the  registration 
of  growth,  the  results  being  communicated  to  the  parents.  The  measure- 
ments taken  are  height,  weight,  chest,  forearm,  upper  arm,  and  they  are 
made  by  the  senior  gymncistic  instructor.  These  measurements  have 
been  found  valuable  as  a  guide  at  times  when  boys  show  languor  in 
Work. 

Reid,  R.  W.,  M.D.  (Professor  of  Anatomy,  University  of  Aberdeen), 
has  measured  students,  policemen,  and  asylum  attendants  (male  and 
female).  The  instruments  used  are  Flower's  and  Gray's  callipers  for 
head  measurements,  and  the  usual  instruments  for  height  and  span. 
Measurements  were  first  taken  in  1896,  and  measurements  for  seven 
years  are  available  ;  they  have  been  partly  published  in  abstract.  The 
objects  of  the  investigation  are  registration  of  growth  and  corre- 
lation with  occupations.  Trained  assistants  have  been  employed.  He 
regards  his  results  so  far  as  satisfactory,  and  considers  that  any 
modification  ought  to  aim  at  greater  simplicity  of  schedule.  Copies  of 
schedules  have  been  sent.  Over  thirty  measurements  are  made  on  each 
subject. 

Simpson,  H.  F.  M.,  M.A.  (Rector,  Aberdeen  Grammar  School),  com- 
menced measurements  in  March  1903.  A  copy  of  the  very  complete 
schedule  used  has  been  sent.  The  main  object  of  these  measurements  is 
educational,  and  to  indicate  the  probable  effect  of  physical  deficiencies  on 
the  boy's  progress.  The  results  so  far  appear  to  show  that  good  physique 
is  associated  with  high  intelligence.  Besides  the  usual  measurements, 
tests  of  sight  and  hearing  are  made.  The  boy's  position  in  games  and 
other  physical  exercise  is  also  noted. 

Turner,  Sir  William,  refers  to  his  memoir  on  Scottish  crania  in 
*  Trans.'  Roy.  Soc.  Edinburgh,  vol.  xl.,  part  iii.,  1903,  for  an  account 
of  the  anthropometrical  methods  followed  by  him. 

From  the  above  memoir  it  appears  that  over  sixty  points  are  noted 
on  each  skull,  half  of  which  relate  to  the  size  of  the  cranial  cavity  and 
half  to  the  facial  part  of  the  skull.  Included  in  the  first  set  of  measure- 
ments are  cubical  capacity  of  the  skull,  five  diameters  of  width,  one  of 
length,  and  one  of  height.  The  circumference  of  the  skull  is  taken  in 
four  directions,  and  eight  radii  are  measured.  From  these  measurement^ 
nine  indices  are  calculated. 

Digitized  by  CjOOQIC 


400  REPORT— 1903. 

Foreign. 

Hrdlicka,  A»  (Museum  of  Natural  History,  New  York),  measures 
whites  and  negroes,  but  especially  Indians.  His  schedules  are  made  up 
in  book  form  to  contain  measurements  and  observations  on  100  indi- 
viduals. In  each  book  there  are  three  kinds  of  schedules,  entitled 
(1)  Measuras,  (2)  Inspection,  (3)  Physiological  and  medical.  The  in- 
struments used  are  Matthieu's  (Paris)  compas  a  <Spaisseur,  compas 
glissiere  (all  frequently  controlled  by  standard),  large  aluminium  chest 
compass,  tape  (sucli  as  used  in  TEcole  d'Anthropologie),  dynamometer, 
thormonieter.  Measurements  have  been  taken  since  1897.  Anthropo- 
logical observations  on  about  1,000  white  and  100  coloured  children  have 
been  published.  Original  records  of  about  2,000  Irish,  English,  Ameri- 
cans, *&«.,  may  be  available. 

The  objects  of  the  investigations  have  l)een  :  Registration  of  growth, 
detection  of  racial  differences,  correlation  with  occupations,  but  espe- 
cially the  study  of  variation.  In  only  one  instance  have  assistants  been 
employed,  and  these  have  been  personally  trained  and  supervised.  Work 
done  on  other  races  than  whites  is  considered  to  have  been  the  most 
satisfactory.  Among  whites,  mixture,  occupation,  health,  but  especially 
pathological  condition,  introduce  many  new  factors. 

Dr.  Hrdlicka  considers  that  the  most  prominent  subjects  for  investiga- 
tion are  :  (1)  Bacial  studies  ;  (2)  The  study  of  normal  children  (white)  in 
every  aspect ;  (3)  A  thorough  study  in  any  direction  of  individuals  (living 
and  dead),  the  most  specialised  (functionally) ;  (4)  Studies  on  families 
and  homogeneous  communities. 

From  these  studies  he  considers  that  we  may  expect  not  only  to 
accumulate  a  positive  knowledge,  but  also  to  determine  the  circumstances 
most  favourable  or  most  detrimental  to  development.  It  is  also  probable 
that  some  tendencies  of  development  among  the  whites  can  be  established. 
The  essential  thing  in  all  these  investigations,  however,  is  the  quality, 
training,  and  experience  of  the  workers. 

Manouvrjkr,  Dr.  L.  (Laboratoire  d'Anthropologie  a  T^cole  pratique 
de  la  Faculty  de  M^decin),  writes  that  the  committee  will  be  able  to 
find  complete  information  as  to  the  methods  employed  in  his  labora- 
tory (which  is  that  of  Broca)  in  the  memoirs  published  by  himself  and 
his  pupils.  The  following  is  a  list  of  the  most  important  of  these 
memoirs  ; — 

1.  *  Dr.  Gkxlin  :  Recherches  anthropom^triques  sur  la  Croissance  des 
di verses  parties  du  corps.'     (Paris.     Maloine,  ^diteur.) 

2.  *Dr.  Papillault :  L'homme  moyen  a  Paris.'  (Bulletin  Soci^t^ 
d'Anthrop.     1902.) 

3.  *  Dr.  L.  Manouvrier  :  !^tude  sur  les  rapports  anthropometriques  en 
g^n^ral  et  sur  les  principales  proportions  du  corps.'  (M^moires  de  la  Soc. 
d'Anthrop.     1902.) 

He  published  some  years  ago  two  memoirs  which  may  be  of  special 
interest  to  the  Committee,  copies  of  which  he  heui  sent  to  the  Anthro- 
pological Institute. 

1.  *Gen^ralites  sur  I'Anthropom^trie.'     (Revue  de  T^cole  d'A^throp.) 

2.  '  Aper^u  de  c^pbalomdtrie  anthropologique.'  (E^tjrait  de  TAjani^ 
psychologique,  1896.) 
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In  these  works  will  be  found  the  system  of  anthropometry  carried  out 
in  his  laboratory,  where  more  than  100  measurements  are  made  on  each 
subject.  In  order  to  carry  out  this  system  successfully  a  very  rigorous 
technical  training  is  necessary.  An  experience  of  more  than  twenty  years 
has  convinced  Dr.  Manouvrier  of  the  necessity  for  a  practical  and  very 
careful  training  in  the  technique  of  anthropometry,  even  when  a  small 
number  of  simple  measurements  have  been  selected. 

Uniformity  and  accuracy  are  very  difficult  to  obtain  when  an  investiga- 
tion is  carried  out  by  several  persons.  Repeated  comparison  and  mutual 
checking  are  necessary  if  an  investigation  is  continued  for  a  long  time. 

MocHi,  Dr.  A.  (Assistant  Professor  of  Anthropology,  Florence),  has 
sent  the  following  letter  and  three  memoirs  : — 

*  Society  Italiana  d*  Antropologia,  Via  Gino  Capponi  3,  Florence. 
*  Nat  ember  2\,  1903. 

*  DiSAR  Sir, — This  Society  received  one  of  your  circulars  relative  to  an 
inquiry  into  the  Anthropometrical  methods  adopted  in  England  and 
Ireland — an  inquiry  intended  to  establish  a  basis  of  co-operative  action  in 
accordance  with  the  methods  and  principles  which  obtain  amongst  the 
various  students  of  Anthropometry  in  your  country. 

'In  the  above  circular  I  was  entrusted  with  the  task  of  reporting 
thereon,  a  task  which  I  discharged  at  the  meeting  held  on  March  15, 1903, 
whilst  I  explained  its  import  and  paid  homage  to  your  initiative.  When 
the  account  of  said  meeting  has  been  published  in  the  "Archivio  per 
r  Antropologia,"  you  will  be  able  to  see  what  I  said  on  that  occasion  in 
regard  to  your  work. 

'  In  the  meantime  I  take  the  liberty  of  sending  you  some  of  our 
literature  relative  to  Anthropometry,  and  I  shall  invite  Dr.  K.  livi. 
Dr.  N.  Pizzoli,  and  other  Italians  to  also  send  you  their  publications 
relative  to  the  question.  In  establishing  the  basis  for  a  plan  of  Anthro- 
pometrical research  to  be  adopted  in  England  and  Ireland,  you  will  have 
before  you  what  has  been  done  by  us  in  that  science.  I  take  this  oppor< 
tunity  to  tender  you  and  the  Committee  my  personal  homage. 

*  (Signed)  Dr.  A.  Mochi, 
*•  Assistant  Professor  of  Anthropology.' 

The  literature  received  from  Dr.  Mochi  is  : — 

1.  'L'  instituzioue  di  un  laboratorio  antropometrico  nel  Museo 
Nazionale  d'  Antropologia  dell*  Institute  di  Studi  Supei-iori  in  Firenze.' 
Dr.  A.  Mochi. 

2.  *  L'  Antropometria  nelle  scuole.'     Dr.  A.  Mochi. 

3.  <  L'  Antropologia  nell'  insegnamento  universitario  e  V  antropo* 
metria  nella  scuola  di  Paolo  Mantegazza.' 

In  the  first  of  these  memoirs  a  list  of  measurements  and  observations 
to  be  made  on  each  subject  is  given.  This  list  comprises  more  than  160 
categories  ;  and  the  characters  to  be  noted  are  divided  broadly  into  (1) 
Morphological,  and  (2)  Physiological. 


1903. 
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Archceohgicai  and  Ethiiological  Researches  in  Orete.— ^Report  of  the 
Conrndttee,  consisting  of  Sir  John  Evans  (Ghairnum)^  Mr.  J.  L. 
Myres  (Secretari/)y  Mr.  A.  J.  Evans,  Mr.  D.  G.  Houarth,  Pro- 
fessor A.  Macalister,  amd  Professor  W.  Ridgem'ay. 

The  grant  which  was  assigned  to  the  Committee  was  applied  in  equal 
parts  in  aid  of  two  distinct  researches  : — 

'  (1)  To  enable  Mr.  Arthur  Evans  to  continue  his  excavation  of  the 
Palace  of  Knossos  and  its  surroundings  a  sum  of  50/.  was  paid  over  to 
the  treasurer  of  the  Cretan  Exploration  Fund  and  duly  expended  in  the 
campaign  of  1903.     Mr.  Evans's  report  is  appended. 

(2)  The  other  sum  of  50/.  was  placed  at  the  disposal  of  Mr.  W.  L.  H. 
Duckworth,  M.A.,  Fellow  of  Jesus  College,  Cambridge,  and  University 
Lecturer  in  Anthropology,  who  undertook  in  consideration  of  this  grant 
and  of  a  grant  from  the  British  School  of  Archeology  in  Athens  to  make 
a  study  of  the  human  remains  which  were  being  discovered  in  prehistoric 
burial-places  in  the  British  School's  excavations  at  Palseokastro,  in  Eastern 
Crete  ;  and  also  to  make  a  preliminary  study  of  the  authropography  o£ 
modem  Crete  and  other  parts  of  the  iBgean  area,  Mr.  Duckworth  s 
report  of  his  investigation  is  appended. 

The  Committee  ask  to  be  reappointed,  with  a  further  grants 

(1)  Mr.  Arthur  Evans's  Excavations  at  Knoasoa,^ 

It  had  seemed  to  the  excavator  possible  that  this  year's  campaign  in 
the  prehistoric  palace  at  Knossos  might  have  definitely  completed  the 
work.  But  the  excavations  took  a  wholly  unlooked-for  development, 
productive  of  results  of  first-rate  importance  both  on  the  architectural 
and  general  archaeological  side,  and  calling  still  for  supplementary 
researches  of  considerable  and  indeed,  at  present,  incalculable  extent. 

The  search  for  the  tombs,  which  was  principally  carried  out  in  the 
region  north  of  the  Palace,  only  resulted  in  the  discovery  of  a  necropolis 
of  secondary  interest  in  a  much  destroyed  condition.  At  the  same  time 
remains  of  houses  were  brought  to  light,  going  back  to  the  earliest 
Min6an  period  and  proving  the  continuous  extension  of  the  prehistoric 
city  for  a  distance  of  over  a  quarter  of  a  mile  north-east  of  the  Palace. 

At  its  north-western  angle  the  Palace  area  itself  has  gained  a  monu- 
mental accession.  The  building  proved  to  extend  beyond  the  paved 
court  which  lies  on  this  side,  and  excavation  here  brought  to  light  what 
c§ji  only  be  regarded  as  the  royal  theatre.  This  consists  of  two  tiers  of 
limestone  steps,  eighteen  in  number  and  30  feet  in  width  on  the  east 
side,  varying  from  six  to  three,  with  an  extension  of  50  feet  on  the 
south,  while  between  the  two  is  a  raised  square  platform.  The  steps  or 
low  seats  and  platform  overlook  a  square  area  where  the  shows  must 
have  taken  place.  Owing  to  the  made  character  of  the  ground  to  liie 
north-east  the  limestone  slabs  on  that  side  had  either  disappeared  or  were 
brought  out  in  a  much  disintegrated  condition,  and  it  was  found  neces- 
sary for  the  conservation  of  the  rest  of  the  monument  to  undertake 
•onsiderable  restoration.     This  was,  however,  facilitated  by  the  fact  that 

»  Cf.  Proe.  Brit.  Assoe.^  1908  (Belfast),  p.  466,  and  previOuA  teporti; 

Digitized  by  CjOOQIC 


ON   ARCH^OLOGICAL  AND  ETHNOLOGICAL   RESEAJRCHES  IN  CRETE.    403 

the  lower  courses  of  the  outer  supporting  wall  were  throughout  preserved. 
The  theatre  would  have  aooommodated  about  five  hundred  spectators.  A 
somewhat  analogous  feature  was  discovered  by  the  Italian  mission ; 
bordering  the  west  court  of  the  palace  at  Phsestos  ;  but  the  arrangement 
at  Knossofi  is  much  more  complete  and  gives  us  the  iirst  real  idea  of  the 
theatre  in  prehistoric  Greece.  The  pugilistic  shows  represented  on  certain 
small  reliefis  at  Knossos  and  Hagia  Triadha  and  the  traditions  of  the 
*  dancing-ground '  of  Ariadne,  executed  by  Dsadalos  for  Minos,  may  throw 
a  light  on  the  character  of  the -performances  in  this  theatral  area. 

Between  this  building  and  the  west  court  of  the  Palace  an  area  was 
explored  containing  a  very  complex  mass  of  constructions  representing,  at 
differ^it  levels,  every  age  of  Min6an  culture,  and  apparently  belonging  to 
a  sanctuary  connected  with  the  Cretan  cult  of  the  Double  Axe  and  its 
associated  divinities.  Painted  pottery  and  other  objects  were  here  found, 
with  designs  referring  to  this  cult.  Among  other  discoveries  were  highly 
decorative  polychrome  vasea  bdonging  to  the  '  Middle  Miadan '  period, 
more  or  less  contemporary  with  the  twelfth  dynasty  of  Egypt.  Of  later 
palace  date  was  an  extremely  important  cteposit  consisting  of  a  bronze 
ewer  and  basins,  with  exquisitely  chased  ornamentation  in  the  shape  of 
lilies  and  various  kinds  of  foliage. 

On  the  north-east  of  the  Palace,  built  into  the  side  of  the  hill,  was 
uncovered  a  remarkably  well-built  house,  constructed  largely  of  fine 
gypsum  blocks,  which  appears  to  have  been  a  kind  of  royal  Villa.  Here, 
as  in  the  domestic  quarter  of  the  Palace,  the  upper  story  is  also  well 
preserved,  and  there  are  two  stone  staircases,  one  with  a  double  head. 
On  a  landing  here  was  found  a  magnificent  painted  jar  containing  reliefs 
of  papyrus  plants  in  a  new  technique.  The  principal  chamber  was  a 
columnar  hall  with  a  tribuna  at  one  end,  backed  by  a  square  apse  con- 
taining the  remains  of  a  gypsum  throne,  the  whole  presenting  an  extra- 
ordinary antieipatk>n  of  the  later  basilica. 

Within  the  previously  uncovered  Palace  area  supplementary  explora- 
tions of  lower  levels  have  been  carried  out  on  an  extensive  scale.  A  whole 
series  of  deep  walled  chambers,  perhaps  representing  the  dungeons  of  an 
earlier  palace,  have  been  opened  out.  Excavations  below  the  floor-lev^ 
of  the  Olive  Press  area  have  brought  to  light  the  floor-levels  of  more 
ancient  chambers  containing  exquisite  painted  pottery  belonging  to  the 
middle  Mindan  period  and  sealings  throwing  an  interesting  new  light 
on  its  glyptic  art  and  the  eariy  *  pictographio '  type  of  script.  Beneath 
the  pavement  of  the  Long  Gallery  of  the  magazines  a  continuous  line  of  deep 
stone  cists  (Jcasellea)  was  discovered,  and  from  the  remains  of  wooden  chests 
inlaid  with  glazed  ware  and  crystal  mosaic,  accompanied  by  quantities  of 
gold  foil,  it  is  clear  that  these  repositories  had  once  contained  treasure. 
Near  the  east  Pillar  Room  a  small  pit  was  found  beneath  the  floor-level 
containing  vases  and  other  objects  belonging  to  the  earliest  MinOan 
period  that  immediately  succeeds  to  neolitliic,  and  affording  the  first 
collective  view  of  a  representative  type  series  of  that  period.  The 
character  of  the  glazed  beads  found  in  this  deposit  seems  to  indicate  rela- 
tions with  early  dynastic  Egypt.  The  exploration  of  the  neolithic 
stratum,  which  to  a  depth  of  25  feet  underlies  those  of  the  *  MinCan ' 
buildings,  was  continued,  several  new'  shafts  being  dug  within  the  Palace 
area.  The  successive  phases  of  the  local  neolithic  culture  are  thus 
becoming  more  clearly  defined. 

The  investigation  of  the  eause  of  a  slight  depression  in  the  pavem^t 
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of  a  storeroom  immediately  north-east  of  the  east  Pillar  Room  led  to  a 
discovery  of  extraordinary  interest.  Beneath  the  pavement  and  a  small 
superficial  cist  belonging  to  the  latest  palace  period  were  found  two  spacious 
repositories  of  massive  stonework  containing,  in  addition  to  a  store  of 
early  vases,  a  quantity  of  relics  from  a  shrine.  These  had  evidently  been 
ransacked  in  search  for  precious  metals  at  the  time  of  the  reconstruction 
above,  but  a  whole  series  of  objects  in  a  kind  of  faience  like  the  so-called 
Egyptian  '  porcelain,'  but  of  native  fabric,  had  been  left  in  the  repository. 
The  principal  of  these  is  a  figure  of  a  snake  Goddess,  about  14  inches  high, 
wearing  a  high  tiara  up  which  a  serpent  coils,  and  holding  out  two  others. 
Her  girdle  is  formed  by  the  twining  snakes,  and  every  feature  of  her 
floun^d  embroidered  dress  and  bodice  is  reproduced  in  colour  and  relief. 
A  finely  modelled  figure  of  a  votary  of  the  same  glazed  material  holds  out 
a  snake,  and  parts  of  another  are  also  preserved.  The  decorative  fittings 
of  the  shrine  include  vases  with  floral  designs,  flowers  and  foliage  in  the 
round,  naturalistic  imitations  of  nautiluses  and  cockles,  rock-work  and 
other  objects,  all  made  of  the  same  faience.  Two  extraordinarily  life-like 
groups  represent  a  cow  and  calf  and  a  Cretan  wild  goat  and  kids.  The 
central  aniconic  object  of  the  cult,  supplied  in  the  formerly  discovered 
shrine  of  the  Double  Axe,  was  here  a  marble  cross  of  the  orthodox  Greek 
shape.  The  cross  also  occurs  as  the  type  of  a  series  of  seal-impressions, 
doubtless  originally  belonging  to  documents  connected  with  the  sanctuary, 
found  with  the  other  i*elics.  A  number  of  other  seal  impressions  deposited 
with  these  show  figures  of  divinities  and  a  variety  of  designs,  some  of  them 
of  great  artistic  value.  An  inscribed  tablet  and  clay  sealings  with  grafflto 
characters  was  also  found,  exhibiting  a  form  of  linear  script  of  a  different 
class  from  that  of  the  archives  found  in  the  chambers  belonging  to  the 
latest  period  of  the  Palace. 

In  view  of  these  important  results  it  is  obvious  that  farther  investi- 
gations beneath  the  later  floor-levels  must  be  carried  on  throughout  the 
palace  area.  The  search  for  the  royal  tombs  has  also  to  be  continued. 
The  region  about  the  theatre  and  the  north-west  sanctuary  still  requires 
methodical  excavation  on  a  considerable  scale,  and  the  neolithic  strata 
call  for  continued  investigation.  The  need  for  further  assistance  from 
those  interested  in  the  results  already  obtained  is  still  urgent. 


(2)  Report  an  Anthropological  Work  in  Athens  and  in  Crete  by  W.  L.  H. 
Duckworth,  M.A,,  Fellow  of  Jesus  College^  Cambridge;  University 
Lecturer  in  Physical  Anthropology, 

Part  I. — General  Report, 

In  the  autumn  of  1 902  the  Director  of  the  British  School  at  Athens 
informed  me  that  a  grant  of  50/.  had  been  made  by  the  Cretan  Committee 
of  the  British  Association  in  aid  of  physical  anthropological  investigations 
in  Crete.  It  was  proposed  that  I  should  undertake  the  work,  and  the 
suggestion  was  made  that,  in  addition  to  research  in  Crete,  preliminary 
studies  in  the  museums  at  Athens  should  form  part  of  the  programme, 
which  thus  included  the  following  series  of  observations  : — 

(a)  On  the  prehistoric  human  remains  in  the  museum  at  Candia  and 
in  the  ossuanr  at  Palseokastro,  Crete. 

(6)  On  the    physical   characteristics  of    the    modem  Cretans^  and 
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especially  those  of  the  province  of  Sitia  (the  country  inhabited  anciently 
by  the  Eteo-Cretans). 

ic)  On  the  ancient  human  remains  in  the  Athenian  museums. 
d)  On  the  physical  characteristics  of  the  modem  Greeks. 

I  then  applied  to  the  Committee  of  the  British  School  at  Athens  for 
admission  <is  an  Associate  of  the  school,  and  a  further  application  was 
made  to  the  Committee  on  my  behalf  for  a  sum  of  money  in  aid  of  the 
work.  The  former  application  was  granted,  but  the  response  to  the  latter 
was  coupled  with  conditions  which  I  did  not  see  my  way  to  accepting. 

I  arrived  in  Athens  on  January  12,  1903,  and  was  introduced  by  the 
Director  to  Professor  Stephanos,  who,  as  Curator  of  the  anthropological 
collection  in  the  Academy  at  Athens,  was  in  a  position  to  enable  me  to 
enter  on  that  portion  of  the  work  which  dealt  with  the  physical  anthro- 
pology of  the  ancient  and  modem  inhabitants  of  Greece.  As  regards  this, 
Professor  Stephanos  at  once  stated  definitely  that  he  himself  had  abundant 
materials  in  hand  and  on  the  point  of  publication  for  an  exhaustive  mono- 
graph dealing  both  with  ancient  remains  and  modern  inhabitants. 

I  thus  discovered  that  my  time  would  be  more  profitably  spent  in 
examining  the  material  in  the  National  Museum  under  the  charge  of 
Mr.  Stais.  Thereupon  I  commenced  work  in  that  museum,  examminsr 
particularly  the  human  remains  from  the  shaft-graves  at  Mycente,  and 
the  skulls  from  the  Theban  monument  on  the  battlefield  of  Chserontea. 

A  fortunate  chance,  for  which  I  am  indebted  to  Mr.  Tod,  of  the  British 
School,  enabled  roe  to  measure  a  number  of  persons  in  the  reformatory. 
This,  with  occasional  visits  to  the  collection  of  crania  in  Professor 
Stephanos'  charge,  completed  the  work  I  was  able  to  do  in  Athens. 

Arriving  in  Candia  on  February  28,  1903,  T  at  once  commenced  work 
in  the  museum  on  the  crania  brought  from  Palseokastro  in  1902  by  the 
Director  of  the  British  School.  This  work,  with  measurements  of  the 
whole  of  the  police  force  of  Candia,  occupied  me  till  it  was  possible  to 
proceed  to  Palaeokastro,  for  which  place  I  started  on  March  15,  in  company 
with  Mr.  Dawkins,  student  of  the  school.  Through  the  courtesy  of 
Professor  Halbherr  and  his  assistant.  Dr.  Paribeni,  of  the  Italian  mission, 
I  was  able  to  measure  a  number  of  workmen  at  Vori,  near  Agia  Triadha, 
and  also  to  measure  men  of  the  police  force  at  Vori  and  Pyrgos. 
Arriving  at  Palaeokastro  on  March  25,  work  was  resumed  on  the  mound 
occupied  by  the  ossuary  partly  excavated  in  1902.  This  collection  of 
skeletons  was  completely  cleared  out  in  the  next  ten  days,  and  work  was 
then  commenced  on  a  neighbouring  hillside  on  a  site  known  as  Patema, 
where  preliminary  excavations  had  revealed  skulls  in  1902.  A  week 
sufficed  to  collect  all  the  material  from  this  site,  which  will  be  remarkable 
for  having  furnished  an  example  of  the  mode  of  interment  practised,  an 
almost  complete  skeleton  having  been  discovered  in  the  contracted  position 
and  on  the  left  side. 

In  the  next  place  two  days  were  spent  in  excavating  rock-shelters  near 
Agios  Nikolaos,  after  which  work  was  resumed  near  the  original  ossuary 
(near  Roussolakkos,  Palseokastro).  There  was  then  discovered  a  second 
ossuary  near  the  first,  but  of  much  smaller  dimensions,  and  the  whole  of 
this  was  completely  excavated  by  the  afternoon  of  April  11. 

Opportunities  for  measuring  living  Cretans  had  occurred  both  at  the 
excavations,  also  at  Angathi  and  at  Adrovasti,  a  village  some  eight  miles 
away. 
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On  mj  way  back  to  Candia  I  visited  (in  company  witli  the  foreoMa 
of  the  excavations  at  Paleeokastro)  the  inland  villages  of  KhandFa  and 
Armenos,  in  the  Praasos  district,  and  here  a  number  of  men  were 
measured. 

Returning  to  Candia  on  April  15,  I  journeyed  to  England  via 
Athens  and  Constantinople,  spending  a  few  hours  en  route  in  inspecting 
the  collections  at  Buda-Pesth  and  at  Vienna,  the  latter  being  remarkable 
as  containing  the  very  extensive  collection  of  modern  Greek  crania  formed 
by  Dr.  Weisbach. 

In  addition  to  the  observations  on  adult  Cretans  I  made  observations 
on  and  measured  100  school  children  in  the  island. 

In  terminating  this  report  1  desire  to  express  thanks  to  several 
persons,  and  in  the  first  instance  to  the  Director  of  the  British  School  ; 
also  to  Messrs.  Tod  and  Dawkins,  students  of  the  school.  Professor 
Stephanos  gave  me  a  valuable  letter  of  introduction  in  Crete.  Professor 
Halblierr  and  Dr.  Parabeni  gave  me  valuable  help  as  already  described  ; 
Commandant  Borgna  (chief  of  the  police  force  of  Crete)  gave  me  facilities 
for  work  which  would  have  been  impossible  but  for  his  aid.  Space  does 
not  admit  of  further  mention  by  name  of  those  who  assisted  me  at  various 
stages,  but  I  hope  to  acknowledge  their  help  in  the  course  of  future 
publications.  ' 

Part  II. — Special  Bejyoris, 

Reference  to  the  general  report  will  show  that  the  observations  fall 
under  the  four  headings  following  : — 

{a)  On  the  prehistoric  human  remains  in  the  museum  at  Candia  and 
in  tie  ossuary  at  Palseokastro,  Crete. 

(6)  On  the  physical  characteristics  of  the  modern  Cretans,  and 
especially  those  now  inhabiting  the  province  of  Sitia,  the  ancient  habita- 
tion of  the  Eteo-Cretans. 

(c)  On  the  ancient  human  r^uains  in  the  Athenian  museums* 

{d)  On  the  physical  characteristics  of  the  modem  Greeks. 

As  these  reports  prove  to  be  of  considerable  length,  it  is  proposed 
to  submit  here  brief  notices  of  the  general  results  of  the  investigations. 

Special  Report  (a). — (hi  the  Prehistoric  Human  Remains  in  the  Museum  at 
Candia  and  in  the  Ossuary  at  PaUeokastro,  Crete, 

As  already  mentioned,  the  site  of  the  excavations  which  provided  the 
human  skeletons  is  a  low  mound  in  the  vicinity  of  the  ancient  (Mindan) 
settlement  at  Roussolakkos,  Palseokastro.  The  posiUoa  and  main 
features  of  the  ossuary  have  been  already  described  by  Mr.  Bosanqmet,* 
by  whom  the  site  was  partly  excavated  in  1^02. 

Low  stone  walls  surround  a  quadrilateral  inclosure  divided  by 
partitions  into  five  compartments  within  whidbi  htmdreds  of  bones  were 
amassed  in  confusion,  which  was  not,  however,  absolute,  for  although 
bones  of  the  feet  might  be  found  impacted  in  the  orbits  of  skulls,  yet  a 
general  survey  showed  that  on  the  whole  the  skulls  lay  in  distinct  groups 
apart  from  the  limb  bones,  which  were  often  stacked.  This  arrangement 
and  the  comparative  scarcity  of  the  small  bones  of  wrist  and  foot  show 
clearly  that  the  skeletons  had  not  been  primarily  interred  here,  bat 

»  Cf.  Man,  1902. 
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that  the  bones  had  been  transferred  from  some  other  cemetery  or 
graves,  and  thus  the  term  'ossaarj'  is  advisedly  applied  to  the  locality. 

This  circumstance  was  attended  with  advantages  and  disadvanti^es, 
for  while  the  bones  were  so  closely  packed  that  a  comparatively  small 
amount  of  labour  brought  many  examples  to  light,  and  thus  saved  much 
time  that  would  have  been  consumed  in  exposing  each  skeleton  if 
separately  interred,  yet  the  disadvantage  remained  that  it  was  rarely 
possible  to  assign  a  number  of  bones  to  the  same  skeleton,  and  there  is 
thus  a  certain  lack  of  information  as  regards  the  proportions  of  the  limbs. 
The  condition  of  the  bones  was  unsatisfactory  as  regards  transport,  their 
substance  being  extremely  friable :  this  necessitated  great  care  in 
excavating,  and  measurements  could  often  only  be  made  while  the  bone 
or  skull  was  still  half  imbedded  in  the  soil.  About  thirty-five  dculis  and 
two  or  three  hundred  bones  were  preserved  in  various  ways,  but  the 
results  of  these  attempts  are  not  yet  available. 

Including  the  skuUs  discovered  in  the  rock -shelter  at  Agios  Kikolaos, 
there  were  altogether  al)out  a  hundred  skulls  available  for  examination. 
In  the  case  of  male  skulls  sixty  examples,  and  of  female  skulls  twenty- two 
specimens  were  actually  measured.  Hkulls  of  later  date  were  found  in 
the  museum  at  Candia,  including  skulls  from  Zakro,  collected  by 
Mr.  Hogarth  ;  a  child's  skull  was  found  at  Agios  Nikolaos  ;  and  several 
modem  Cretan  skulls  were  also  measured. 

We  are  now  chiefly  concerned  with  the  sixty-two  male  and  twenty -two 
female  skulls  from  Palaeokastro.  To  these  may  be  added  the  data  refer- 
ring to  two  male  skulls  and  one  female  skull  obtained  at  the  same  place  in 
1902  by  Mr.  Bosanquet,  and  measured  by  Dr.  Myers  at  Cambridge.  This 
brings  the  total  to  sixty-four  male  and  twenty-three  female  crania. 

The  important  feature  to  notice  here  is  the  breadth  or  cephalic  index 
of  these  crania,  which  is  on  the  average  734  for  males  and  73  for  female 
skulls ;  both  are  therefore  dolichocephalic.  The  specimens  are  thus 
concordant  in  this  character  with  the  msyority  of  other  early  Cretan 
skulls  and,  it  may  be  added,  with  most  early  Greek  crania  from  the 
mainland. 

But  an  important  point  (upon  which  information  was  desired  by 
many  who  are  interested  in  the  prehistoric  ethnology  of  Greece  and  the 
Levant,  including  Crete)  is  the  inquiry  as  to  how  £ar  this  character  of 
long-headedness  is  general  among  this  early  population,  and  is  not  merely 
the  expression  of  an  average. 

In  the  scanty  material  previously  available,  short  (brachycephalic) 
skulls  are  admittedly  infrequent,  and  the  accession  of  comparatively 
abundant  new  material  provides  a  fresh  contribution  to  our  stock  of 
information.  The  result  of  the  investigations  is,  then,  to  show  that  in  this 
early  Cretan  population  longheaded ness  is  quite  predominant :  of  forty-six 
male  crania  available  for  examination  thirty  (65*3  per  cent.)  are  dolicho- 
cephalic, twelve  (26*15  per  cent.)  are  of  mean  proportions,  and  only  four  (or 
8*55  per  cent.)  are  short.  The  corresponding  percentage  figures  for  female 
skulls  are  70*6  dolichocephalic,  23*53  of  mean  proportions,  and  5*87  per 
cent,  of  short  skulls. 

Such  a  proportion  of  short  skulls  had  previously  been  anticipated  by 
some  (certainly  by  Mr.  Myres),  and  it  is  evident  that  a  proportion  of 
8  per  cent.,  or  even  5  per  cent.,  in  a  population  constitutes  a  factor  that 
cannot  be  ignored  in  a  full  discussion  of  race  affinities. 

It  remains  to  be  remarked  that  the  crania  here  described  are  alm^t 
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certainly  of  greater  antiquity  than  those  from  Zakro  described  by  Boyd 
Dawkins  in  1902,  and  than  those  from  Erganos  described  bv  Sergi  ;  wsd, 
further,  that  the  fact  of  long  and  short  crania  being  found  associated  in 
the  same  ossuary  is  more  weighty  in  evidence  than  when  (as  heretofore) 
short  crania  found  in  one  ancient  locality  have  been  described  as 
contemporaneous  with  long  crania  found  in  a  different  place. 

The  long  bones  afford  an  estimate  of  the  stature  of  the  early  inhabitantfi 
of  Palseokastro,  which  would  seem  to  have  been  approximately  1624*9  mm. 
for  men  (below  5  feet  5  inches).  This  is  a  distinctly  low  stature,  and 
the  bones  are  slight. 

It  thus  appears  that  in  head-form  and  stature  these  early  Cretans 
anticipated  the  conformation  of  the  Mediterranean  race,  as  the  precursors 
of  whom  they  can  be  provisionally  described. 

Reference  must  be  made  particularly  to  the  most  important  discovery 
at  the  site  known  as  Patema,  of  a  skeleton  (without  the  skull)  lying  in 
a  contracted  position  and  on  the  left  side,  like  the  skeletons  of  the  ^ew 
Egyptian  race  at  Naquada.  The  long  axis  of  the  body  was  approximately 
N.E.  and  S.W.,  the  head  having  been  to  the  east. 

Such  are  the  main  results  of  the  investigations  included  under  special 
report  (a). 

Special  Eeport  (h),—On  the  Physical  Characteristics  of  the  Modem  Cretans,  and 
especially  of  the  Inhabitants  of  Sitia,  the  ancitnt  habitation  of  the  JSteo^ 
Cretans* 

This  report  falls  into  two  sections,  the  first  of  which  deals  with  adult 
male  Cretans  and  the  second  ivith  school  children  of  both  sexes. 

Section  (i.)  The  results  of  most  importance  refer  to  the  proportions 
of  the  head  and  to  the  stature,  these  being  the  points  upon  which 
information  was  chie6y  desired  as  a  basis  for  the  comparison  of  ancient 
and  modem  Cretans. 

Taking  the  proportions  of  the  head  first,  a  most  striking  result  has 
come  to  light,  viz.,  that  in  Eastern  Crete  the  modern  head-form  is  totally 
different  from  the  prehistoric  as  deduced  from  the  material  at  Pala^okastro. 
In  the  province  of  Sitia  not  only  is  the  average  head  short  (brachy- 
cephalic),  but  this  is  the  most  frequently  occurring  form.  At  the  same 
time  the  stature  of  the  men  has  increased  markedly  since  the  Min6an 
period. 

The  second  point  of  importance  is  that  in  certain  provinces  of  Crete 
the  ancient  form  of  skull  is  evidently  still  preserved.  It  may  be  noticed 
that  data  were  obtained  from  no  fewer  than  seventeen  out  of  the  twenty 
provinces  of  Crete,  but  that  the  material  for  Sitia,  in  the  eastern  part,  is 
much  more  abundant  than  that  from  any  other  district. 

These  facts  will,  it  is  believed,  furnish  the  basis  for  much  discussion,  a 
difficult  point  being  the  explanation  of  the  modern  predominance  of  short- 
headed  men  in  Eastern  Crete,  the  region  which  was  considered  as  periiaps 
the  least  subject  to  invasion  and  admixture.  Here  it  can  only  be 
remarked  that  records  exist  of  definite  colonisation  from  Venice,  and  that, 
considering  the  preponderance  of  short  heads  among  modem  Venetians, 
the  solution  may  lie  in  an  appeal  to  this  historical  factor. 

Tuming  to  other  observations  on  modem  Cretans,  it  will  suffice  to 
state  that  while  in  colour  of  the  hair  the  darkest  shades  are  the 
commonest,  this  is  not  the  case  as  regards  the  colour  of  the  eyes,  the  most 
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frequent  tint  being  the  intermediate  one  known  as  hazel.  Two  instances 
were  noticed  of  undoubted  Cretans  with  fair  hair  and  blue  eyes  of  the 
North  European  blond  type  :  the  brother  of  one  of  these  blond  men  was 
dark  with  dark  eyes.  These  brothers,  with  their  parents  and  grand- 
parents, were  inhabitants  of  Angathi  (PalsBokastro). 

Up  to  the  present  time  I  find  myself  unable  to  adduce  instances  of 
men  reproducing  in  features  and  complexion  the  type  represented  on  the 
Knossos  frescoes,  but  would  suspend  further  comment  till  other  districts 
have  been  seen. 

Section  (ii.)     The  school  children. 

Seventy -nine  boys  and  twenty-five  girls  were  measured  and  examined  ; 
the  majority  of  the  boys  (fifty -nine)  and  all  the  girls  were  observed  at  Vori 
(South  Central  Crete),  province  Pyrgiotissa ;  the  remaining  boys  at 
Angathi  (Palseokastro).  It  is  very  interesting  to  note  that  in  respect  of 
head-form,  and  dealing  only  with  boys  (between  whom  alone  comparison  is 
possible),  exactly  the  same  difference  obtains  between  East  Crete  and 
South  Central  Crete  as  in  the  case  of  the  adult  males,  viz.,  in  East  Crete 
the  heads  are  brachy cephalic.  Hair  colour  is  lighter  than  among  the 
adults,  this  being  a  common  phenomenon  in  all  European  races ;  dark 
brown  is  the  commonest  eye  colour  among  the  children,  not  hazel  as 
among  the  adults. 

The  comparatively  poor  physique  of  the  children  was  very  noticeable, 
numerous  instances  occurring  in  which  a  boy  of  fifteen  years  would  have 
passed  as  at  least  four  years  younger  if  supposed  to  be  of  British 
parentage  and  of  the  better  nourished  class.  Intellectually,  however,  no 
inferiority  seems  to  exist. 

Special  Report  (c). — On  the  Ancient  Human  Remains  in  the  Athenian  Museums, 
Section  (i.)     The  National  Museum. 

While  no  skeletons  of  such  antiquity  as  those  from  Palwokastro  were 
seen,  yet  there  are  remains,  more  or  less  perfect,  of  several  skeletons  of 
the  Mycenaean  epoch,  notably  those  from  the  celebrated  tombs  discovered 
by  Schliemann  at  Mycenee.  Unfortunately  the  earlier  examination  of 
these  skeletons  was  superficial  only,  and  in  the  intervening  period  much 
disintegration  has  ensued.  The  results  of  a  cai'eful  examination  are 
therefore  as  follows  : — 

From  Graves  Nos.  1,  2,  and  3  (referred  to  in  Schlieroann's  book  as 
Nos.  ii.,  v.,  and  iii.  respectively)  the  fragments  are  too  small  to  enable 
one  to  make  satisfactory  measurements ;  bones  of  domestic  animals  are 
mingled  with  the  human  remains. 

From  Grave  No.  4  (Schliemann's  No.  iv.)  there  are  the  remains  of  the 
shafts  of  a  perfectly  normal  femur  and  tibia  (with  no  marked  platymeria 
or  platycnemia)  ;  also  two  short  slender  femora  and  two  radii,  these  latter 
and  the  femora  being  encircled  with  gold  bands.  With  these  are  many 
animal  remains. 

From  Grave  No.  5  (Scbliemann*s  No.  i.)  came  the  body  which  is 
illustrated  in  Schliemann's  classical  work  :  it  has  now  fallen  into  a  most 
fragmentary  state.  Other  bones  and  fragments  fill  a  large  tray  :  they  ai-e 
mixed  with  animal  bones.  A  massive  femur  belonged  to  a  tall  well- 
proportioned  man  of  1,759  mm.  stature.  /    ^.^.^ir> 
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In  Grave  No.  6  there  were  two  interments.  Fragme&ts  of  boik 
skeletons  remain  ;  the  subject  of  primary  interment  wag  a  slight  man  of 
small  stature  ;  the  tibia  was  slightly  flattened.  The  other  bones  do  not 
afford  any  certain  indication  as  to  the  body  or  bodies  secondarily  interred. 

Other  remains  of  approximately  similar  date  are  the  female  skeleton 
(stature  1,534  mm.)  from  Thoricus  and  a  child's  skull  (index  74*9)  from  a 
tomb  at  Salamis.  Of  much  later  date  are  the  nine  skulls  of  the  Thebans 
who  fell  at  ChRronsea  :  these  skulls  are  either  long  or  of  mean  propor- 
tions, no  brachy cephalic  examples  being  seen.  Other  skeletons,  three  in 
number,  are  also  in  the  vase-room  of  the  museum  :  of  the  skulls  of  these 
two  (male)  are  dolichocephalic,  while  the  third  is  a  short  and  broad 
female  skull.  On  the  whole,  then,  brachycephalic  proportions  are  rare 
among  these  ancient  Greek  crania. 

Section  (ii.)  The  skulls  in  the  Academy  (in  Professor  Stephanos' 
charge)  include  the  following  : — 

(a)  Ancient  skulls  from  Mycenae  (Tsountas'  excavations),  Nauplia, 
Syros,  and  Paws.  These  are  mostly  dolichocephalic  ;  but  brachy- 
cephalic examples  occur  with  sufficient  frequency  to  call  for  con- 
sideration. 

(6)  Skulls  of  the  *  Dipylon '  period,  from  Eleusis :  these  are  more 
constantly  dolichocephalic  than  the  preceding  (a). 

(c)  *  Roman  '  and  '  Byzantine '  period  skulls  :  these  present  a  variety 
of  form. 

(d)  Recent  skulls  from  Arcadia :  these  tend  more  frequently  to 
brachy cephaly,  and  thus  agree  with  the  skulls  of  modem  Greeks  in 
general. 

(e)  Recent  skulls  from  Thessaly  :  these  bear  out  Professor  Stephanos' 
statement  that  long  skulls  are  more  frequent  in  Thessaly  than  in  other 
Greek  districts  at  the  present  day.  Artificial  deformation  occurs  in  this 
series,  which  are  of  varying  dates  during  the  last  two  centuries. 

(/)  A  collection  of  recent  skulls  from  the  ^gean  island  of  Thera 
comprises  certainly  one  definitely  brachycephalic  skull. 

Special  Report  (d). — On  the  Physical  Characteristics  qftke  Modem  Greeks, 

The  contribution  to  this  subject  consists  in  the  collection  of  data 
relating  to  about  a  hundred  inmates  of  the  reformatory  for  male  juvenile 
oflenders  at  Athens.  On  the  theory  that  criminals  are  a  selected  class,  it 
may  be  objected  that  such  observations  are  inadmissible,  or  that  they 
have  no  value  as  evidence  of  the  conformation  of  the  ncNrmal  members  of 
the  population.  In  answer  to  such  objections  it  is  submitted  that  the 
majority  of  those  persons  observed  were  undergoing  detention  for  *  first 
ofiences,'  so  that  they  need  not  be  regarded  as  habitual  offenders,  who 
may  possibly  form  such  a  select  type  or  class  as  has  been  referred  ta 

The  measurements  of  the  heads  of  these  youths  (for  thdr  ages  nuiged 
from  about  fifteen  to  twenty-five)  yield  averages  which  in  turn  afford  an 
index  of  82*04,  so  that  on  the  average  the  head-form  is  brachycephalic.  Not 
only  is  this  the  characteristic  of  the  average  example,  but  no  less  than  73-6 
per  cent,  of  the  individuals  presented  this  feature  (24*3  per  cent,  mesati- 
cephalic,  21  per  cent,  dolichocqphalie).  Some  photographs  of  t^  vertex 
view  of  the  head  show  the  rotundity  in  a  sUiking  manner.  The  fore- 
going result  corroborates  the  results  arrived  at  by  earlier  observers,  bat 
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differs  from  the  results  obtained  for  Greeks  of  Asia  Minor,  for  in  the 
latter^  a  very  distinctly  dolichocephalic  element  is  present,  and  in 
the  Greeks  of  the  mainland  this  element,  though  not  entirely  absent, 
is  so  feeble  ajs  to  be  almost  negligible. 

In  respect  of  hair  colour  the  predominant  tones  are  the  darker  shades 
of  brown  and  jet-black.  The  most  frequent  eye  colours  are  :  dark  brown, 
38*5  per  cent.  ;  and  hazel,  35*9  per  cent,  respectively. 

A  comparison  of  these  results  with  those  published  by  other  in- 
vestigators leads  to  the  conclusion  that  the  individuals  observed  may  be 
regarded  as  fairiy  typical  ;  and  a  comparison  with  the  modem  Cretan 
results — report  (b) — shows  that  while  the  modem  head-form  in  Crete  varies 
between  extremes  of  dolichocephaly  and  brachyoephaiy,  and  that  the 
modern  Cretans  on  the  whole  have  rather  longer  beads  than  modern 
Greeks  of  the  mainland,  yet  in  some  respects  the  modern  Eastern  Cretans 
surpass  the  modem  Greeks,  having  shorter  heads  than  these. 

While  the  hair  colour  forms  but  a  slight  basis  for  contrast  between 
the  same  modern  stocks  which  closely  resemble  each  other  in  diis  respect, 
the  evidence  of  the  eye  colour  is  to  the  effect  that  while  the  hazel  tint 
predominates  (10*5  per  cent.)  in  Crete  the  chief  place  in  point  of  frequency 
in  Greece  is  ^ared  by  eyes  of  this  colour  and  by  dark-brown  eyes,  so  that 
the  modem  Greeks  of  the  mainland  ave  more  decidedly  brunette  than  are 
the  modem  Cretans. 

Lastly,  when  the  proportions  of  Hbe  skull  are  considered  (correction 
being  made  where  necessary  for  head  measurements)  it  will  be  noticed 
that  on  the  whole  modem  Greeks  and  modem  Cretkns  differ  from  their 
prehistoric  predecessors  in  the  same  way,  viz.,  that  the  head-form,  which 
was  previously  elongated,  has  become  very  much,  i^iorter.  For  this  com- 
parison of  the  pr^istoric  and  the  modern  populations  the  material  dealt 
with  in  special  reports  (a),  (6),  and  (c)  is  now  available,  in  culdition  to 
that  forming  the  subject  of  the  present  section. 

Such  a  conclusion  has  no  doubt  been  anticipated,  but  it  is  submitted 
that  the  confirmation  derived  from  a  wider  study  will  not  be  without 
velne. 

Concluding  JRemarJcs. 

The  foregoing  notes  constitute  a  rdsumd  of  the  observations  and  data 
made  and  collected  during  the  limited  time  available  for  research.  As 
regards  the  special  object  towards  which  the  Committee  devoted  the 
grant,  it  is  pointed  out  that  the  local  change  in  physical  type  has  been 
very  great  indeed  since  the  settlement  at  Roussolakkos  was  flourishing. 
In  head-form  in  particular  the  change  has  been  marked  ;  but  this  effect 
has  not  been  uniformly  produced,  though  the  eastern  part  of  Crete  has 
been  particularly  influenced.  On  the  other  hand,  the  data  from  other 
provinces  include  some  which  suggest  strongly  that  the  search  for  modern 
representatives  of  the  Min6an  population  of  Eastern  Crete  must  be 
diverted  from  Sitia,  and  that  other  localities  may  have  escaped  from  the 
action  of  influences  which  have  acted  powerfully  in  the  eastern  province, 
inacces^ble  though  it  was  believed  to  be.  The  present  reports  can  there- 
fore only  be  regarded  as  instalments,  and  it  is  believed  that  further 
efforts  would  be  richly  rewarded. 

*  Cf,  v.  Luscfaan. 
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Silchester  Excavaiicni. — lieport  of  the  Committee^  consigtmg  of  Mr. 
Ajrthur  J.  Evans  (Chairman),  Mr.  J.  L.  Myres  (Secrettt^^)^ 
and  Mr.  E.  W.  Brabrook,  appointed  to  co-operaie  wUh  ihe 
Silchestei'  Eoccavation  Fund  Cmnmittee  in  their  Eaccavations. 

The  excavatioDS  in  1902  were  begun  on  May  15,  and  continued  wiUioat 
break  until  November  17,  under  the  direction  of  Mr«  Mill  Stepbenaon. 

To  suit  the  convenience  of  the  tenant,  operations  were  for  the  most 
part  confined  to  a  narrow  and  irregular-shaped  field  of  some  four  acres  in 
the  south-east  quarter  of  the  town,  adjoining  and  lying  westwards  and 
Aouthwards  of  the  present  churchyard. 

The  area  in  question  consists  as  to  its  northern  half  of  a  gentle  slope 
southwards,  but  it  then  rapidly  descends,  and  its  southern  end  is  only 
slightly  raised  above  the  level  of  a  small  brook  which  rises  close  by. 

The  eastern  margin  of  the  field  was  explored  in  1890,  when  part  of  a 
walled  enclosure,  containing  two  square  temples,  which  partly  underlie 
the  churchyard,  was  excavated  and  planned.  A  small  corridor  house  to 
the  south  of  the  temple  enclosure  was  discovered  in  1896,  when  the 
ground  there  was  explored  in  view  of  an  extension  of  the  churchyard. 

The  operations  of  1902,  for  the  reasons  above  cited,  did  not  enable 
the  executive  committee  to  excavate  any  entire  insula^  but  portions  of  at 
least  four  were  included  in  the  area  placed  at  its  disposal. 

The  first  work  undertaken  was  the  tracing  of  the  temple  boundary 
wall  northwards.  This  was  followed  up  to  and  across  the  modem  road 
crossing  the  town  and  into  the  field  beyond.  Here  it  was  found  to  turn 
at  a  sharp  angle  in  the  direction  of  the  east  gate,  thus  showing  that  the 
main  street  through  the  town  from  west  to  east  was  deflectod  from  a 
straight  line  before  passing  out  eastwards.  At  the  upper  comer  of  the 
temple  area  was  uncovered  a  small  apsidal  building  of  uncertain  use. 

The  buildings  of  which  remains  were  uncovered  in  the  field  adjoining 
the  churchyard  were  eleven  in  number.  They  included  five  more  or  leas 
complete  houses,  and  as  many  other  structures.  Two  of  the  latter  are  d 
a  character  not  hitherto  found  at  Silchester:  one  being  a  semicircular 
building  entered  probably  by  a  wide  arch,  and  forming  a  kind  of  alcove  ; 
the  other  a  long  narrow  gallery  with  a  colonnade  or  portico  along  one 
side.  Both  buildings  may  have  stood  in  a  pleasure  garden  belonging  to 
the  house  found  in  1896  south  of  the  temple  enclosure. 

Besides  the  field  next  the  churchyard,  the  exploration  was  undertaken 
of  a  section  of  the  pasture  west  of  it.  This  brought  to  light  two  more 
houses  and  two  other  smaller  structures,  one  perhaps  a  group  of  three 
shops.  The  houses  belong  to  the  insula  {XX VIII)  south  of  XXVII, 
which  was  explored  in  1901. 

The  several  houses  discovered  in  1902  are  of  interest,  firstly,  for  their 
comparatively  small  size,  and  secondly,  on  account  of  the  transition  from 
the  corridor  to  the  courtyard  type  which  most  of  them  present.  Tliree 
at  least  of  them  had  winter  rooms  warmed  by  hypocausts,  but  in  two 
instances  the  heating  arrangements  had  been  cleared  out  and  the  rooms 
put  to  other  uses. 

The  number  of  buildings  in  the  circumscribed  area  dealt  with  left 
comparatively  little  space  between  for  garden  ground,  and  consequently 
the  number  of  pits  and  wells  and  of  objects  found  was  unusually  small. 

Part  of  a  large  inscribed  slab,  with  remains  of  finely  cut  letters  five 
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inches  high,  was  found  used  up  as  building  material  in  one  of  the  hypo- 
causts  in  the  southern  part  of  the  field.  A  much -mutilated  Attic  base  of 
good  character,  and  some  portions  of  marble  mouldings  and  wall  linings 
"were  also  turned  up  in  the  same  quarter.  All  these  may  have  come  from 
one  or  other  of  the  temples  during  its  rebuilding  or  destruction. 

Large  part  of  a  quern  of  the  unusual  diameter  of  twenty-eight  inches, 
of  Andemach  lava,  was  found  in  another  of  the  trenches.  It  retains  two 
of  the  iron  loops  of  the  machinery  by  which  it  was  revolved. 

The  smaller  objects  included  a  few  good  brooches  in  bronze,  a  torque 
and  a  pin  of  silver,  portions  of  a  pane  of  window-glass,  a  rod  of  solder, 
part  of  two  large  trenchers  of  Rimmeridge  shale,  as  well  tis  a  considerable 
number  of  coins. 

The  pits  and  wells  also  yielded  a  quantity  of  bones  of  oxen,  sheep, 
goat,  and  horse. 

Tlie  search  for  remains  of  plants  &c,  in  the  fiUing-in  of  the  pits  and 
wells,  which  has  been  pursued  with  such  conspicuous  success  during  the 
last  five  years,  has  been  continued  by  Mr.  A.  H.  Lyell.  The  results  have 
been  examined  by  Mr.  Clement  Reid,  F.B.S.,  who  has  identified  the  seeds 
of  twenty-four  more  plants  not  hitherto  known  to  have  been  introduced  into 
this  country  so  early  as  the  Roman  period.  Among  the  plant  remains 
were  clippings  of  box  and  the  seeds  of  ^g  and  grape. 

A  detailed  account  of  all  the  discoveries  has  been  communicated  to 
the  Society  of  Antiquaries,  and  will  in  due  course  be  published  in 
*  ArchsBologia.' 

Owing  to  the  limited  number  of  the  minor  antiquities  found  last 
season,  it  has  not  been  thought  worth  while  this  year  to  have  any  public 
exhibition  of  them. 

The  Committee  proposes  during  the  current  year  (1 903)  to  continue  last 
year's  excavations  westwards,  with  the  object  of  completing  the  un- 
finished in8iU(B,  The  work  was  resumed  in  May,  and  has  already  brought 
to  light  a  building  of  lai^e  extent  which  seems  to  be  the  long-sought-for 
public  baths  of  the  town. 

Looking  back  over  the  course  of  the  excavations  hitherto,  the  Com- 
mittee ventures  to  suggest  that  the  opportunity  should  be  taken,  in 
exploring  the  small  fraction  of  the  site  which  remains,  to  make  special 
and  detailed  observations  on  certain  points  which  do  not  yet  seem  to 
have  been  made  out  definitely.  The  following  are  suggested  as  specially 
worthy  of  attention  : — 

(1)  Though  the  architectural  history  of  Silchester  has  been  elaborated 
in  great  detail,  very  little  evidence  has  been  recorded  hitherto  as  to  the 
stratification  and  sequence  of  the  smaller  finds,  and  as  to  the  question 
whether  any  parts  of  the  site  were  occupied  only  at  special  periods,  oi 
whether  (as  would  appear  from  the  published  reports)  there  is  practically 
only  one  stratum  of  remains  on  the  whole  of  it.  A  closer  registration  of 
the  contents  of  the  numerous  pits  and  wells,  and  of  the  areas  which  are 
still  covered  by  undisturbed  pavements,  would  probably  go  far  to  settle 
this  point. 

(2)  The  relation  in  which  the  rectangular  street-plan  stands  to  the 
trapezoidal  wall-plan  of  the  town  has  not  yet  been  made  clear  at  all 
points,  and  might  easily  be  elucidated  in  the  course  of  the  next  few 
seasons'  work,  by  minute  study  of  mound,  wall,  and  ditch  ;  as  well  as  by 
confirmatory  trenching  to  greater  depths  at  the  points  where  the  street- 
bnes,  if  pr^uced,  would  intersect  the  line  of  the  WalL 
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To  facilitate  the  investigatioa  of  these  and  similar  points  the  Com- 
mittee asks  to  be  reappointed,  with  a  further  grant. 

[N.B.— As  the  outcome  of  discussion  of  this  Report,  a  reconstituted 
Committee  was  appointed  at  the  Southport  meeting  with  enlarged  terms 
of  reference — *  To  Co  operate  with  Local  Committees  in  Excavations  on 
Roman  Sites  in  Britain/] 


The  Lake  VillnAje  at  Gkistaiiburif, — Fifth  Report  of  Uie  Commilt^, 
consisting  of  Dr.  R.  MuNRO  (Chairman),  Professor  W.  Boyd 
Dawkins  (Secretary),  Sir  John  Evans,  Mr.  Arthur  J.  Evass, 
Mr.  Henry  Balfour,  Mr.  0.  H.  Read,  and  Mr.  A.  Bulleid. 

The  Committee,  reappointed  at  the  last  meecing  of  the  British  Association 
at  Belfast,  and  specially  instructed  to  ascertain  the  best  method  of  com- 
pleting the  exploration  as  quickly  as  possible,  and  of  publishing  the 
results  with  the  least  possible  delay,  reports  as  follows  : — 

The  work  which  remains  to  be  done  in  the  exploration  of  the  lake 
village  IB  comparatively  small,  and  consists  of  the  examination  of  twelve 
huts  with  the  circumjacent  areas,  out  of  a  total  number  of  seventy -six 
huts  within  the  palisades,  which  define  the  site  of  the  village  from  the 
urrounding  marsh.  This  will  be  taken  in  hand  in  the  course  of  the  next 
year,  as  the  dryness  of  the  season  may  permit.  If  it  cannot  be  finished  in 
one,  it  will  be  carried  on  in  the  next  season,  and  it  will  be  completed. 

Since  the  last  Report  of  the  Committee  at  the  Dover  Meeting  in  1899, 
the  exploration  carried  on  by  Mr.  Bulleid  has  been  stopped,  owing  to  his 
unavoidable  absence.  One  hut,  however,  has  been  explored  by  the 
ArohaBological  and  Natural  History  Society,  under  the  supervidon  of  their 
Assistant  Secretary,  Mr.  Gray.  This  has  been  described  and  figured  by 
him  in  the  Transactions  of  the  Society  for  the  year  1902,  in  a  paper  that 
is  a  valuable  contribution  to  our  knowledge  of  the  lake  village. 

It  is  proposed  that  the  future  work  should  be  carried  out  under  the 
supervision  of  the  following  gentlemen,  who  will  act  in  agreement  with 
this  Committee :  Mr.  A.  Bulleid,  as  representing  the  Glastonbury 
Antiquarian  Society,  and  Mr.  St.  George  Gray,  to  whom  the  Somerset 
Archaeological  and  Natural  History  Society  has  offered  special  permission 
to  assist  in  the  work.  In  this  manner  the  continuous  supervision  of  the 
work,  so  necessary  in  explorations  of  this  kind,  will  be  adequately  pro- 
vided for. 

With  regard  to  publication,  the  Committee  is  of  opinion  that  a  report 
of  the  progress  made  in  each  session  should  be  prepared  for  the  British 
Association  by  the  superintendents  of  the  work,  until  it  is  completed. 
When  it  is  completed  the  general  results  of  the  exploration  should  be 
published,  with  lidequate  illustration  by  the  superintendents,  and  edited 
by  a  Standing  Committee  of  the  Association.  The  precise  form  which  the 
publication  should  take  may  be  left  for  decision  until  the  exploration  has 
been  finished. 

In  this  manner,  and  with  a  grant  in  aid  of  the  exploration  fund  by  the 
British  Association,  the  Committee  believes  that  this — the  most  impOTtant 
archaeological  investigation  now  going  on  in  the  British  Isles — will  be 
rapidly  finished,  and  that  the  results  of  the  work  which  has  been  going  on 
for  ten  years^  so  long  expected,  will  be  published  with  the  least  posaibk 
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delay.  The  exploration  on  theoe  lines  has  received  the  sympathetic  sup- 
port of  the  oonnty  of  Somerset,  and  of  those  outside  the  county  who  are 
interested  in  the  social  state  of  Britain  in  the  centuries  immediately  pre* 
ceding  the  R(Hnan  Conquest. 


Pujmentation  Survey  of  the  School  Children  of  Scotland, — Report  of 
the  Committee^  consisting  of  Mr.  E.  W.  Brabrook  (Chairman)^ 
Mr.  J.  GiUY  (Secretary)  y  Dr.  A.  C.  Haddon,  Professor  A. 
Macalister,  Professor  D.  J.  Cunningham,  Mr.  J.  F.  Tocher, 
and  Dr.  W.  H.  R.  Rivers. 

The  progress  made  by  the  Scottish  Ethnographic  Committee  with  this 
survey  during  the  past  year  has  not  been  so  great  as  was  anticipated  in 
the  last  report.  The  delay  has  been  principally  caused  by  the  difficulty 
experienced  in  getting  lithographed  colour  cards  to  be  used  as  colour 
scales  for  hair  and  eyes.  It  was  considered  that  precise  and  reliable 
statistics  could  not  be  obtained  from  a  number  of  different  observers, 
except  a  standard  colour  card  was  sent  to  each.  About  twenty  different 
shades  of  hair  were  collected  and  an  equal  number  of  glass  eyes.  These 
were  sent  for  reproduction  to  a  photo-lithographer,  but  after  repeated 
attempts  he  faileid  to  get  a  satisfactory  result  by  direct  photography. 
The  shades  have  now  been  copied  successfully  in  oil  colours,  and  it  is  hoped 
that  these  copies  can  be  successfully  reproduced  by  lithography.  The 
proofs  are  expected  to  be  ready  at  an  early  date. 

The  application  for  co-operation  to  the  Educational  Institute  of 
Scotland  has  been  very  successful,  this  association,  whose  assistance  is  so 
essential  to  the  success  of  the  survey,  having  passed  a  resolution  recom- 
mending the  teachers  to  supply  the  information  desired  by  the  Committee. 

The  subdivision  of  Scotland  into  1 10  numbered  districts  has  now  been 
completed.  As  soon  as  satisfactory  colour  cards  have  been  received  the 
schedules  will  be  sent  out  and  the  survey  carried  out  as  rapidly  as  possible. 


The  Psychology  and  Sociology  of  the  Todas  and  other  Tribes  oj 
Southern  India. — lieport  of  the  Committee ^  consisting  of  Vrotessor: 
EiDGEWAY  (Chairman),  Dr.  W.  H.  R*  Rivers  (Secretary) ,  Dr.  A. 
C.  Haddon,  cmd  Mr.  W.  Cbookk. 

On  reaching  India  Dr.  Rivers  first  visited  two  hill  tribes  with  Mr.  Edgar 
Thurston,  to  whom  he  owes  many  thanks  for  help  during  his  visit  to  India. 
The,se  tribes — the  Sholagas  and  Uralis — live  in  the  jungle  in  hills  in  the 
northern  part  of  the  Coimbatore  district,  and  while  Mr.  Thurston  in- 
vestigated the  physical  characters  and  the  customs  of  the  people  Dr.  Rivers 
devoted  his  attention  to  psycho- physical  work,  of  which  an  account  will 
shortly  fl^P^&r  in  the  *  Bulletin  of  the  Madras  Government  Museum,'  edited 
by  Mr.  Thurston. 

The  remainder  of  his  visit  to  India  was  devoted  to  the  Todas  of  the 
Nilgiri  Hills,  though  a  few  observations  were  made  on  members  of  two 
other  tribes  inhabiting  the  hills — the  Kotas  and  Badagas.  The  psycho- 
physical work  was  carried  out  on  the  same  lines  as  those  described  in  the 
Reports  of  the  Cambridge  Anthropological  Expedition  to  Torres  Straits, 
vol.  ii.  parts  i.  and  ii.  Over  500  Todas  were  examined  and  a  large 
number  ef  observations  made  whiah  have  not  yet  b^n  fully  worked  out« 
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Much  time  was  devoted  to  the  study  of  the  sociology  and  religion  of 
the  Todas.  It  was  found  that  genealogies  were  preserved^  and  tlie 
pedigrees  of  over  seventy  families  were  collected.  Largely  by  their  means 
a  detailed  study  was  made  of  the  social  organisation,  system  of  kinship, 
and  regulation  of  marriage. 

Much  attention  was  devoted  to  the  details  of  the  ritual  of  the  Tods 
dairy,  which  was  found  to  be  of  a  definitely  religious  character.  Many 
other  ceremonies  were  recorded,  and  whenever  possible  witnessed.  These 
include  ceremonies  performed  during  pregnancy  and  after  childbirth  ; 
ceremonies  performed  when  naming  and  piercing  the  ears  of  children  ; 
ceremonies  performed  when  men  are  lined  for  any  offences  against  the 
dairy ;  the  well-known  prolonged  funeral  ceremonies ;  cereuionies  of 
animal  sacrifice  and  of  lighting  fires  on  certain  hills. 

It  is  intended  to  publish  shortly  a  full  account  of  the  ceremonies  and 
of  the  general  results  of  the  investigation  of  the  sociology  and  religion. 


Botanical  Photograplis. — Report  of  the  Gommitt^ey  consisting  of  Pro- 
fessor L.  C.  Mull  (Chairman).  Professor  P.  E.  Weiss  (Secretary), 
Mr.  Francis  Darmin,  Mr.  G.  P.  Scott-Elliot,  and  Mr.  A.  K. 
CoomAraswAmv,  appointed  to  co^isitler  and  report  npon  a  sdieme  for 
the  lisgistraiioH  of  Netjatives  of  Botanical  Photographs, 

A  LEAFLET  glviiig  information  regarding  the  collection,  preservation,  and 
systematic  registration  of  photographs  has  been  prepared  by  the  com- 
mittee appointed  at  Belfast,  and  has  been  distributed  by  the  Secretary  of 
the  Association  to  all  the  Corresponding  Societies,  together  with  blank  regis- 
tration forms.  The  same  pamphlet  and  form  were  also  sent  to  a  number  of 
private  individuals  interested  in  botany  and  photography,  and  it  is  hoped 
that  as  a  result  a  number  of  photographs  taken  during  the  summer 
months  will  be  sent  in  for  registration.  Up  to  the  present  some  fifty  or 
sixty  have  been  received,  of  which  a  considerable  number  are  suitable  for 
registration.  The  grant  to  the  Committee  has  been  sufficient  to  defray 
the  expenses  of  purchasing  cards  and  printing  forms  and  cards  for  regis- 
tration, but  insufiicient  to  provide  mounts  for  the  photographs.  It  is 
hoped  that  this  may  be  done  out  of  next  year's  grant. 

The  Committee  desire  to  be  reappointed,  with  a  grant  of  5/. 

leaflet  above  referred  to. 

Botanical  PiLotograplcs  Committee. — Professor  L.  C.  Miall,  F.R,8. 
(Chahman),  Professor  P.  E.  Weiss,  B.Sc,  F.L.S.  (Secretary)^ 
Prancis  Darwin,  FJLS.,  A.  K.  CoomAraswA.my,  JP.G.S.,  and 
G.  P.  Scott-Elliott,  B,Sc  ,  F.L.S. 

This  Committee  was  appointed  by  the  British  Association  for  the 
Advancement  of  Science  at  its  meeting  in  Belfast  in  1 902  for  the  pur- 
pose of  arranging  for  the  *  Collection,  Preservation,  and  Systematic 
Registration  of  Photographs  of  Botanical  Interest' 

A  similar  committee  was  appointed  in  1889  to  collect  and  preserve 
photographs  of  geological  interest,  and  in  1898  a  committee  was  i^- 
pointed  to  cbllect  And  presetvfe  photographs  bf  Anthropological  interest; 
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The  oonsiderations  which  led  to  the  appointment  of  theee  committees 
were  briefly  as  follows  : — 

1.  Many  nataraHsts  and  travellers  find  it  necessary  to  make  photo- 
graphic  n^^tives  in  the  course  of  their  work  for  which  they  themselves 
have  no  farther  use,  but  which  they  would  gladly  make  accessible  to 
other  students  if  any  scheme  existed  by  which  this  could  be  done  with- 
out much  trouble. 

2.  Further,  though  many  professional  photographers  in  various  parts 
of  the  world  have  made  use  of  their  opportunities  of  recording  various 
types  of  vegetation,  there  has  hitherto  existed  no  record  of  what  has 
been  done  in  this  direction;  with  the  result  that  valuable  collections 
have  remained  unknown  or  inaccessible  to  those  in  whose  interest  tiiey 
have  been  made. 

What  appears  therefore  to  be  required  is,  in  the  first  place,  a  reoister 
of  the  photographic  negatives  which  can  be  made  generally  availaUei 
iUustrated  by  a  permanent  print  from  each,  preserved  in  an  accessible 
centre.  It  ii  also  essential  that  properly  qualified  students  may  be 
enabled  to  obtain  duplicate  prints,  or  lantern  slides  made  from  tiiem,  for 
their  own  use  at  a  reasonable  price.  In  any  such  scheme  it  would  be 
understood  that  the  copyright,  for  purposes  of  publication,  would  remain 
with  the  owner  of  the  negative,  and  that  all  duplicate  prints  or  lantern 
slides  distributed  under  this  arrangement  would  be  subject  to  that 
qualification. 

In  establishing  such  a  register  the  Committee  desire  the  co-operation 
of  all  owners  of  suitable  photographic  negatives,  who  are  invited  to 
submit  for  registration  one  print  from  eeu^h  negative,  together  with  full 
particulars  of  the  subject  of  the  photograph  on  the  enclosed  form 
(Form  A),  additional  copies  of  which  can  be  obtained  from  the  Secretary 
of  the  Committee. 

It  will  be  found  convenient  for  the  sender  of  the  photograph  to 
number  it  on  the  back  and  to  fill  in  this  number  on  the  printed  form. 

Photographs  should  be  sent  unnwurUed.  This  is  essential  in  order  to 
secure  the  proper  systematic  arrangement  of  the  collection.  They  will 
be  mounted  by  the  Committee  on  cards  of  uniform  size. 

Copies  of  photographic  prints,  and  information  relative  thereto, 
should  be  sent  under  cover  to  the  Secretary  of  the  Committee  at  the 
earliest  possible  date  in  order  to  facilitate  the  work  of  registration.  They 
should  be  sent  not  later  than  August  1  in  each  year. 

A  detailed  list  of  the  photographs  officially  received  each  year  with 
the  names  of  the  donors  and  information  as  to  where  copies  may  be 
obtained  will  be  inserted  in  the  report  of  the  Committee,  which  is 
presented  annually  to  the  British  Association.  *  A  copy  of  the  report 
will,  if  possible,  be  sent  to  each  donor  of  a  photograph. 

The  photographs  will  be  deposited  in  some  central  institution,  where 
they  will  be  accessible  to  the  public  for  purposes  of  reference. 

It  is  important  that  copies  of  photographs  which  have  been  processed 
for  illustrating  articles  and  papers  in  journals  should  be  deposited  in  the 
collection ;  they  should  be  accompanied  by  an  exact  reference  to  the  pub- 
lication and,  if  possible,  a  copy  of  the  plate. 

To  avoid  duplication  of  photographs  the  Committee  reserve  to  them- 
selves the  right  of  returning  duplicates  or  unsuitable  photographs  to  the 
sender  without  registering  the  same. 
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JRecommendcUioTis /or  the  Collection  of  Botanical  Photographs. 

A.  As  to  Stthject, — The  Committee  propose  to  include  the  following 
range  of  subjects  : — 

1.  Portraits  of  any  species  of  plant  (more  particularly  foreign  plants 
gix>wing  under  natural  conditions)  illustrating  habit,  natural  surround' 
ings,  or  points  of  morphological  or  physiological  interest. 

2.  Diseases  or  malformation  of  plants. 

3.  Photographs  of  plants  raised  for  purposes  of  experiment. 
ii  Photographs  illustrating  plant  associatwns. 

tn  most  cases  two  photographs  would  be  desiraUe,  one  giving  a  general 
view  of  the  plant  or  v^etation  and  another  giving  details  of  tm  subject. 

B.  As  to  Camera, — The  Committee  recommend  the  use  of  a  whole  or 
tialf-'plate  camera^  thottgh  quarter-plate  photographs  will  be  aceqited  if 
i^M  defined  and  cl^r. 

The  Camera  should  admit  of  long  extension,  so  that  work  at  cloae 
distatices  may  be  possible. 

Ab  it  is  esBMttial  that  the  prints  shoukl  be  permanent,  the  platmo- 
type  process  is  recommended  where  possible.  The  use  of  iaochromatic 
t^tes  is  strongly  recommended. 

tn  many  photographs  the  inclusion  of  a  scale  object  k  advisable* 

0.  As  to  Recording, — In  order  to  preserve  the  scientific  value,  each 
t)hotograph  should  be  accompanied  by  as  many  of  the  following  details 
as  can  be  given  on  the  forms  which  will  be  supplied  for  the  purpose,  and 
a  copy  of  which  is  enclosed  : 

(a)  Name  of  plant  and  locality,  with  rainfall  of  district  where  known. 

(b)  Special  features  shown. 

(c)  Date  when  photographed. 

{d)  Name  and  address  of  photographer  or  of  society  under  whose 

direction  the  photograph  was  taken, 
(e)  Whereabouts  of  the  negative,  i.e.  whether  it  is  retained  by  owner,  or 
deposited  with  a  professional  photographer  or  with  the  Committee. 
(/)  Terms  on  which  prints,  enlargements,  or  lantern  slides  will  be 
supplied. 

Farther  information  and  additional  forms  for  regbtration  may  be 
obtained  from  the  Secretary  of  the  Committee,  Professor  P.  E.  Weiss, 
Owens  College,  Manchester,  to  whom  all  communications  should  be 
addressed 


Botanical  Photographs  Committee* 

Form  A. 

Local     i    Size  of 
Kumber     Negative 

Subject,  LocaUty,  Date 
and  Special  Feature  shown 

^      TtetM^ 

PHoeof 
Print 

Prioeof 

lADtern 

Bttde 

1 
1 

1 

This  form  should  be  filled  in  and  enclosed  with  the  prints  or  negatives  frabmitted 
to  the  Committee  for  registration.  Additional  copies  may  be  obtained  from  the  Secre- 
tary, Professor  P.  fi.  Weiss,  Owens  College,  Manchester,  or  from  the  offices  of  the 
British  Association,  Bnriington  House,  London,  W. 
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tn})6sligati6n  of  tlU  CyanopKifttecn. — Rsport  of  thn  Committee,  consist^ 
ing  of  Professor  J.  B.  FaiIMEr  {Chairman),  Dr.  F.  F.  Blackmail 
{Secretwnj)y  Professor  MAiLsri[ALL  Ward,  iir.  Walter  Gardineh> 
ami  Dr.  I).  H.  ScoTt.     {Ih-awn  up  by  the  Secreta/ry») 

Triid  inveBtigation  hAs  be^n  continaed  by  Mri  D^arold  Wager,  and  is  no\^ 
pr^tically  completed.  A  preliminary  paper  has  been  published  in  the 
*  Proceedings  of  the  Royal  Society.'  The  following  is  given  by  Mr.  Wager 
as  a  brief  summary  df  the  principal  results  Arrived  at  :-^ 

•The  cell  contents  are  divided  into  two  distinct  regions  i  (1)  AA 
outer  peripheral  layer  in  which  the  colouring  matters  are  contained,  and 
(2)  a  central  portion  which  is  colourless*  Both  exhibit  a  reticulate  oi^ 
alveolate  ftructure,  and  contain  granules  of  varying  sizes.  Under  oertain 
conditions  glycogen  is  present  in  the  cell,  often  in  considerable  quan^ 
titles. 

'  The  colouring  matters,  chlorophyll,  (S:c.,  are  contained  in  small  granules 
embedded  in  the  reticulate  network  of  the  cytoplasm.  They  often  appear 
to  be  arranged  in  regular  rows,  which  give  the  impression  of  coloured 
granular  fibnls.  It  is  probable  that  these  granules  are  comparable  to  the 
"  grana  "  of  ordinary  chloroplasts,  and  not  actually  to  the  chloroplasts 
themselves. 

'  The  central  body  contains  chromatin  in  the  form  of  minute  granules, 
more  or  less  fused  together  on  a  network.  This  network  is  not  sharplV 
marked  off  from  the  peripheral  cytoplasm,  but  it  appears  to  be  contained 
in  a  vacuole,  and  at  certain  times  the  limiting  layer  of  the  vacuole  is 
vimble.  The  central  body  varies  much  at  different  times  in  the  amount 
of  chromatin  that  it  contains.  It  is  more  abundant  in  actively  growing 
healthy  cells,  in  which  constant  cell  division  is  going  on  ;  in  such  cells  a 
very  pronounced  and  distinct  reaction  for  phosphorus  is  given  when 
treated  according  to  the  methods  of  Macallum. 

'  There  seems  to  be  no  reasonable  doubt  that  this  central  body  corre- 
sponds to  the  nucleus  of  the  higher  plants.  It  is  not  precisely  similar  in 
structure  and  appearance,  but  the  presence  of  chromatin,  the  network- 
like structure,  and  the  fact  that  it  is  contained  in  a  vacuole  and  is  ^larply 
differentiated  by  reagents  from  the  surrounding  cytoplasm  sufficiently  in- 
dicate its  nuclear  cbAracter.  We  are  therefore  justified  in  speaking  of 
it  as  a  nucleus.  In  the  process  of  diviaioil  the  nucleus  simulates  in  a 
i^emarkable  manner  certain  features  of  the  mitotic  division  of  higher 
plants,  but  a  very  careful  examination  of  the  whole  process  in  various 
species  of  Cyanophycece  convinces  me  that  it  is  rather  a  case  of  direct 
division,  and  not  a  true  mitotic  division.  Nevertheless  it  may  be  justifiable 
to  regard  it  as  a  rudimentary  form  of  indirect  division.  As  the  cell 
grows  in  length  the  nuclear  network  becomes  drawn  out  in  a  longitudinal 
direction,  whilst  the  chromatin  substance  appears  to  become  more  abun- 
dant. The  result  is  in  some  cases  an  appearance  as  of  numerous  elongate 
chromosomes  lying  side  by  side.  The  nucleus  then  becomes  constricted 
in  the  middle,  and  divides  transversely  into  two  daughter  nuclei.  At  the 
same  time  tibe  new  transverse  cell  wall  is  formed.  The  formation  of  the 
new  cell  wtdls  appears,  however,  not  to  be  dependent  entirelt  upon  the 
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division  of  the  nucleus,  as  it  is  not  uncommon  to  find,  long  before  the  first 
division  is  complete,  several  new  cell  walls  in  various  stages  of  develops 
ment  in  other  parts  of  the  cell. 

'In  their  cell  structure  the  Cyanophyceae  do  not  exhibit  any  very 
close  connection  with  other  plants,  except  possibly  the  Bacteria ;  ana 
even  here  the  affinity  does  not  seem  to  be  a  very  close  one.  During 
the  last  twelve  years  I  have  examined  a  large  number  of  species  of 
the  Cyanophyceee,  and  it  seems  to  me  that  we  may  regard  them  as 
the  survivors  of  an  ancient  group  of  chlorophyll-containing  plants  in 
which  the  cell  structure  presents  a  more  rudimentary  condition  than  in 
any  other  group  of  green  plants  known  to  us  at  the  present  day,  and  Uiat, 
in  consequence,  their  exact  relationship  to  existing  plants  cannot  be 
traced/ 


The  Teaching  of  Botcmy  in  Schools. — Report  of  the  GommiUeey  cmievd- 
ing  of  Professor  L.  C.  Miall  (Chairman),  Mr.  Harold  Wager 
(Searetarif)^  Professor  J.  R.  Green,  Mr.  A.  0.  Seward,  Professors 
H.  Marshall  Ward,  J.  B.  Farmer,  and  T.  Johnson,  Miss  Liuan 
Clarke,  and  Dr.  C.  W.  Kimmins. 

The  Conditions  of  Profitable  Study. — In  order  to  make  the  most  of  scien- 
tific lessons  in  school  the  teacher  should  have  a  just  appreciation  of  the 
relative  importance  of  facts ;  he  should  encourage  his  pupils  to  work 
for  themselves,  and  he  should  adapt  his  teaching  to  their  present  wants. 
All  these  requirements  have  often  been  disregarded  by  teachers  of 
Botany. 

Tlie  Relative  Importance  of  Facts. — In  all  ages  teachers  have  been 
blamed  for  defective  appreciation  of  the  relative  importance  of  facts.  The 
term  pedant,  once  a  mere  synonym  of  teaclier,  has  come  to  mean  a  man 
who  makes  a  display  of  vain  learning,  while  he  neglects  what  is  practically 
useful.  Perhaps  the  teachers  of  Botany  have  sinned  in  this  way  as  con- 
roicuously  as  teachers  of  any  other  sort.  Old  exercise  books  survive  to 
^ow  that  in  one  generation  instructors  were  content  with  getting  the 
classes  and  orders  of  the  Linnean  system  committed  to  memory.  In  a 
later  generation  they  chiefly  aimed  at  the  description  of  a  plant  in  correct 
technical  language.  Some  manuals  of  Botany  of  old  date  are  little  more 
than  glossaries  of  terms.  Students  of  Botany  have  been  encouraged  to 
spend  most  of  their  time  upon  the  characters  by  wliich  the  British  flower- 
ing plants  are  distinguished  from  one  another,  the  ultimate  purpose  being 
apparently  a  more  perfect  knowledge  of  Uieir  distribution  within  these 
islands.  The  scientific  product  of  local  lists  has  by  no  means  justified 
the  time  and  labour  bestowed  upon  them,  and  their  educational  effect  haa 
been  depressing  instead  of  stimulating.  Meanwhile  the  nutrition  of  green 
plants,  a  subject  of  the  highest  scientific  interest  and  the  very  foundation 
of  agriculture,  was  during  many  years  almost  ignored  in  schools  and 
colleges.  So  late  as  1870  it  was  very  slightly  treated  in  teaching  oourses, 
and  no  Englishman  had  made  any  important  experiments  upon  it  for  a 
hundred  years.  It  is  only  of  late  years  that  we  have  become  aware  that 
we  must  study  our  plants  alive  and  experimentally.  Scientific  curiosity 
would  surely  be  better  occupied  in  discovering  how  plants  get  their  food, 
respond  to  stimuli,  adapt  their  structure  to  new  circumstances,  contend 
with  their  rivals  or  enemies,  and  propagate  their  race  than  in  learning 
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Latiii  names  for  the  shapes  of  their  leaves,  or  disoussing  which  of  many 
names  proposed  for  a  particular  species  was  first  used.  It  will  be  some 
guide  to  the  formation  of  a  sound  opinion  upon  any  teaching  course  in 
Botany  to  inquire  whether  the  fact  that  plants  are  living  things  is  ignored 
or  put  in  a  subordinate  place. 

It  is  a  mark  of  the  present  immaturity  of  the  Nature  Knowledge 
movement  that  whenever  a  fresh  attempt  is  made  to  stimulate  the  teacheri 
it  is  accompanied  by  a  great  display  of  dried  plants,  diagrams,  lantern 
slides,  models,  slices  of  useful  woods,  lists  of  species  observed,  with  their 
dates,  and  maps  of  distribution.  All  these  are  dead  products,  and  only 
indicate  that  someone  has  been  taking  pains.  Those  teachers  who  fix 
their  attention  upon  the  living  plant  and  its  activities  will  have  little  need 
of  bought  appliances. 

The  PupU  muU  Work  for  himself. — It  is  probable  that  most  men  who 
have  been  productive  workers  in  science  have  at  length  come  to  recognise 
that  the  best  part  of  their  learning  they  got  for  themselves.  Example 
and  guidance  are  thrown  away  upon  those  who  do  not  make  independent 
efibrts ;  and  knowledge  accumulated  by  a  mere  act  of  memory  is  feebly 
grasped  and  soon  forgotten.  It  is  not  by  listening  to  other  people,  nor 
by  reading  their  accounts  of  what  they  have  seen  and  done,  nor  by  gazing 
at  the  pictures  which  they  have  drawn,  that  we  make  lasting  progress  in 
science.  The  pupU  who  has  been  taught  thus  finds  himself  master  of 
mere  scraps  of  information,  too  uncertain  for  any  practical  application. 
He  has  no  power  of  enlarging  knowledge,  or  of  applying  old  knowledge  to 
new  cases,  and  it  is  well  if  he  has  not  acquired  a  disinclination  to  carry 
his  studies  any  farther. 

The  lecture  as  a  mode  of  instruction  in  schools  is  nearly  always  bad. 
It  may  be  a  passable  expedient  where  the  lecturer  meets  his  audience 
only  once,  and  is  able  to  suggest  to  them  pregnant  thoughts  which 
would  have  never  entered  their  minds  otherwise.  But  even  the  occasional 
lecture  is  rarely  stimulating,  and  the  regular  lecture  is,  especially  to  young 
pupils,  apt  to  be  flat.  We  can  enliven  it  a  little  by  questions,  especially 
if  the  pupils  feel  free  to  question  the  lecturer,  but  that  is  not  quite  enough. 
Choice  and  responsibility  are  necessary  conditions  of  interest,  and  these 
are  hardly  ever  conceded  to  the  pupil  by  any  lecturer.  There  is  a  better 
prospect  of  success  when  the  usual  conditions  are  inverted,  and  when  it 
becomes  the  rule  for  the  teacher  to  listen  to  his  class.  Let  them  explain 
to  him  what  they  have  seen  and  thought ;  let  them  draw  before  him  the 
structures  which  are  under  discussion.  The  explanations  and  drawings 
may  not  be  so  good  as  those  of  a  grown  man,  but  at  least  they  are  the 
expression  of  the  thoughts  of  the  learner. 

It  is  practicable,  as  actual  experience  shows,  to  substitute  for  mere 
didactic  lessons  learning  by  personal  inquiry,  and  it  may  be  doubted 
whether  any  single  teacher  who  has  made  the  change  has  afterwards  gone 
back  to  tho  lecture  or  the  lesson  book.  We  have  no  knowledge  of  even 
one  such  case. 

A  method  of  teaching  in  which  every  pupil  is  called  upon  to  take  his 
share  has  the  incidental  advantage  that  it  cultivates  the  power  of  expres- 
sion in  the  class.  To  be  well  accustomed  to  come  forward  and  explain 
one's  meaning  without  embarrassment,  to  have  learnt  how  to  describe 
complicated  structures  neatly,  is  no  small  gain  to  the  pupil.  In  all  but 
quite  elementary  classes  the  pupils  may  be  helped,  not  only  to  practise 
the  art  of  expression,  but  to  learn  how  to  use  books  aright.     Tp  search  i^ 
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book0  for  the  faot«  wbioh  iHse  needed,  and  tban  to  throw  die  Am^U  inlo  » 
)i^w  mouldy  may  be  excellent  discipline  for  mn,  advanced  claw.  Jjoi  the 
teacher  who  ia  not  afraid  to  innovate  aet  before  him  as  hig  ideal  that 
the  clasg  is  in  f  utui'e  to  do  for  him  what  he  has  hitherto  done  lor  the  obas. 

Tn  the  laboratory  it  is  a  good  plan  to  use  no  book  at  all,  wlieve  a 
whole  class  worics  simultaneously  a*t  the  same  things.  In  biologiGal  teach- 
ing the  abundance  of  the  mateiial,  and  the  simple  means  of  investigation 
wbM^h  8u6^  for  elementary  students  at  least,  make  it  possible  for  large 
ciaaaes  to  work  at  the  same  objects— a  great  advantage  to  both  teadier 
and  pupils.  In  botanical  and  zoological  teaching,  more  than  in  other 
geientiiic  courses,  it  is  easy  to  adopt  improved  methods,  such  as  that  the 
tea^csher  shall  rarely  give  out  iniormation,  but  chiefly  directions  aod 
questions,  the  class  observing  the  object,  making  drawings  and  returning 
answers  ;  that  the  laboratory  work,  if  separated  from  the  work  of  the 
class*room,  shall  always  come  first ;  and  that  the  practical  exercbes  of  the 
students  shall  furnish  the  materials  upon  which  the  class  teaohing  is 
founded. 

The  principle  of  helping  the  pupil  to  woric  for  hima^  will  not  be 
abandoned  in  the  later  stages  of  study.  Honours  candidates  in  uni- 
versity or  collie  should  apend  at  least  part  of  their  time  in  original 
work.  Those  w^  are  so  ill-directed  as  to  read  instead  of  inquiring  during 
tiieir  whole  academic  course  lose  a  great  opportunity,  that  of  carrying  on 
a  genuine  researqh  with  the  co-(^)eration  of  a  more  experienced  investi- 
gator.    To  many  students  the  opportunity  never  recurs. 

A  Subslitute  for  Clasa  Lectures. — Some  years  ago  lectures  were  dis- 
continued in  the  Biological  Department  of  the  Yorkshire  College.  A  class 
of  beginners  is  at  first  questioned  about  their  recent  work  in  the  laboratory. 
After  a  few  weeks,  when  confidence  has  been  gained,  the  students  are 
invited  u>  give  more  continuous  expositions.  Several  topics  (usually  fire) 
«i*e  written  up  at  the  beginning  of  the  lesson,  and  these  are  handled  by 
members  of  the  dass,  called  up  one  at  a  time  by  lot.  The  staid^it  whose 
name  is  drawn  comes  forward  and  treats  his  topic  in  his  own  way,  making 
his  own  diagrams  and  answering  questions  when  he  has  done.  The  topic 
on  which  he  speaks  is  always  familiar  to  him  by  work  which  he  has 
already  done  in  the  laboratory.  If  he  describes  a  structure  it  is  one 
which  he  has  examined  and  drawn  for  himseH.  Inferences  and  compariscMis 
ajre  often  asked  for  instead  of  mere  facts.  In  advanced  classes  more 
comprehensive  topics  are  proposed,  and  one  student  may  occupy  the  whole 
hour.  It  is  hardly  necessary  to  point  out  that  the  teacher  must  scrupu- 
lously avoid  harsh  criticism.  A  domineering  or  sarcastic  manner  would 
be  fatal  to  the  success  of  any  such  method  as  this. 

Inquiiy  in  the  Botanical  Class.  {By  A.  0.  Sewabd.) — A  method 
which  I  have  adopted  in  dealing  with  advanced  botanical  classes  may 
prove  useful  in  a  modified  form  in  teaching  elementary  Botany.  After 
an  hour's  lecture  the  students  work  for  two  hours  in  the  laboratory.  It 
was  during  the  time  devoted  to  practical  work  that  the  fc^owing  plan 
was  followed.  Instead  of  preparing  a  common  syllabus  for  all  to  work 
through  I  suggested  a  separate  piece  of  work  to  each  student  requiring 
six,  eight,  or  more  hours  to  complete.  On  the  completion  of  each  piece  of 
work  the  student  was  asked  to  give  a  concise  account  of  his  results 
illustrated  by  blackboard  sketches  and  by  numbered  sections  aooomponied 
by  very  brief  notes.  On  the  conclusion  of  the  short  lecture,  wfaidi  usually 
pGcupied  from  ten  to  twenty  minutes,  the  other  members  of  t)ie  class  as|c^ 
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qiu^tions  and  oriticiaed  tha  aUteiaei^madebythetedavp^.  The  sections 
were  afterwarcUt  examined  b^  all  the  members  at  the  class,  and  the 
preparations  made  in  illustration  of  each  piece  of  work  were  kept  in  a 
separate  Unf  until  the  end  of  the  coarse,  when  each  student  was  at 
Uberliy  to  afpccpriate  his  slides.  In  an  article  on  Botanical  Teaching  in 
University  Classes,  published  in  the  *  New  Phytologist,' January  1901,  thfi 
above  method  is  described  at  gneater  length,  and  several  examples  are 
g^vea  in  iUusUiaticm  of  the  system,  ^ince  that  article  was  written  I  have 
^opted  the  same  plan  in  a  course  of  lectures  and  practical  work  on 
Gymnosperms.  As  it  was  impossible  to  give  a  full  account  in  the  lectunes 
of  all  the  questions  involved  in  a  detailed  treatment  of  tbiagioupof  plants, 
I  omitted  certain  portions  of  the  subject,  and  arranged  that  these  should 
be  dealt  with  by  the  students  themselves  during  the  practical  work.  As 
an  example  of  this  method  of  encouraging  students  to  £11  in  gaps  left  by 
the  lecturer,  one  case  may  be  quoted.  X.  was  asked  to  make  a  com- 
parative  examination  of  the  anatomy  of  the  leaves  of  various  types  of 
Conifers ;  in  the  course  of  his  woi^  he  was  referred  to  literature  on  the 
subject,  and  his  main  object  was  to  discover  to  what  extent  anatomical 
characters  may  be  used  in  the  identification  of  genera.  The  account 
given  by  X.,  iUustrated  by  a  selected  series  of  his  sections,  rendered  it 
unnecessary  for  me  to  refer  to  this  subject  in  the  lectures.  The  advantages 
of  the  above  metiiod  over  that  which  I  bad  previously  employed  were 
apparent  in  the  much  keener  interest  taken  in  the  laboratory  work ;  the 
members  of  the  class  were  in  fact  engaged  in  original  research,  and  their 
attitude  was  that  of  investigators  who  have  problems  to  solve  which 
require  thoughtful  treatment  and  careful  technique.  They  entered  fully 
into  the  spirit  of  the  work,  and  were  stimulated  to  do  their  best,  partly 
by  the  interest  which  they  derived  from  the  work  itself  and  partly  from 
the  knowledge  that  they  would  be  expected  to  give  a  clear  account  of 
their  results  to  the  rest  of  the  class,  who  were  encouraged  to  ask  questions 
and  offer  criticisms  during  the  siiort  and  informal  lecture  which  the 
students  gave  on  the  completion  of  each  piece  of  work. 

The  practice  in  speaking  and  presenting  facts,  the  introduction  to  the 
methods  of  research,  and  the  stimulus  given  by  the  feeling  of  rivalry,  were, 
I  consider,  the  most  striking  advantages  of  the  svstem. 

The  Teaching  must  be  adapted  to  Vie  Needs  of  the  Pupil. — It  is  charac- 
teristic of  immature  minds  that  they  soon  tire.  This  is  a  reason  for 
frequently  changing  the  topic  and  for  making  the  object-lesson  the  regular 
mode  of  teaching  Botany  in  junior  classes.  Teachers  of  Botany  are  not  so 
liable  as  teachers  of  chemistry  or  physics  to  make  the  mistake  of  proceed- 
ing from  the  general  to  the  particular,  instead  of  from  the  known  to  the 
unknown,  which  is  a  very  different  thing.  One  often  recognises  the  inex- 
perienced teacher  by  such  a  phrase  as  that  he  intends  to  begin  by  con- 
sideration of  the  principles  which  underlie  a  particular  science.  Continuous 
book  and  paper  work  is  hateful  to  children,  and  their  exercises  in  learning 
and  thinkW  should  be  varied  with  handiwork,  their  indoor  work  with 
outdoor  woit. 

0Mect'le88on$  in  Botany, — Object-lessons  are  the  best  way  of  instruct- 
ing children  in  natural  history,  childhood  being  taken  to  include  all  ages 
under  twelve  or  thirteen.  In  this  stage  there  should  be  no  formal  and 
separate  sciences,  though  the  lessons,  which  are  at  first  studiously  varied, 
may  gradually  become  connected.  Among  the  conditions  of  profitable 
object-lessons  the  following  may  be  noted  ; —  .    OOQIp 
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(1)  'Rwety  pupil  should  have  an  object  to  himself  or  at  least  be  aUe 
to  examine  ihe  object  as  long  and  as  closely  as  he  pleases.  A  drawing  is 
not  to  be  allowed  to  rank  as  an  object. 

(2)  living  and  growing  plants  shoald  be  frequenUy  obsenred. 

(3)  The  Uving  plant  £oiild  not  onlj  be  studied  in  flower,  but  when- 
ever the  diange  ci  season  brings  <m  a  new  phase  of  growth^  FmitSy  bods, 
and  seedlings  are  as  important  as  flowers. 

(4)  Experiment  can  hardly  come  in  too  eariy,  and  there  is  nothing 
dise  quite  so  stimulating.  Even  young  children  can  appreciate  the  interest 
of  a  simple  experiment,  and  they  may  be  allowed  to  take  part  in  it  before 
they  are  able  to  conduct  it  themselves. 

It  is  discouraging,  to  learn  from  advertisements  in  the  educational 
papers  what  &cilities  are  offered  for  scamping  the  object-lesson.  The 
teacher  is  encouraged  to  buy  lus  objects,  to  buy  his  pictures,  and  to  buy 
his  lessons.  It  is  probable  that  the  late  demand  for  nature  knowledge 
has  greatly  multij^ied  the  number  of  worthless  object-lessons  which  aire 
given  in  school  Unless  the  teacher  regularly  works  for  himself  he  is 
not  fit  to  show  others  how  to  work,  and  no  good  will  come  of  inducing 
him  to  add  nature  knowledge  to  the  list  of  subjects  in  which  he  oflTers 
instruction. 

PlatU-fthyaiology  in  the  School. — When  Uie  age  of  the  pupils  and  the 
circumstances  of  tibe  school  favour  the  regular  study  of  Botany  we  have 
to  choose  among  several  ways  of  treating  Uie  science,  each  of  which  has 
found  zealous  advocates.  If  the  decision  were  left  to  ourselves  we  should 
give  a  distinct  pre-eminence  to  the  study  of  Plant-physiology,  on  the 
ground  of  its  great  practical  importance  and  of  its  special  value  as 
discipline  when  studied  systematically.  Systematic  Botany  will  soon  be 
found  to  be  a  necessary  adjunct  if  scientific  precision  is  to  be  attained, 
and  other  aspects  of  Uie  study  will  ultimatdy  find  a  place  in  the  pro- 
gramme, but  function  in  connection  with  structure  should,  we  think,  be 
prominent  in  every  part  of  the  school  course. 

In  preparing  a  scheme  of  instruction  in  plant-physiology  the  teadier 
will  do  well  to  take  common  objects,  which  will  often  engage  the  attention 
of  his  pupils  in  after  life,  which  can  be  procured  in  numbers  without  much 
cost  or  labour,  and  which  can  be  studied  alive  under  natural  conditions. 
The  question  of  the  sufferings  of  the  living  objects,  which  is  of  the  first 
importance  in  some  other  branches  of  natural  history,  happily  does  not 
ccmcem  the  teacher  of  Botany. 

We  can  recommend  nothing  better  for  first  lessons  in  plant-physiology 
than  the  study  of  seedlings  of  common  garden  plants.  A  course  of 
lessons  on  seedlings  can  be  so  arranged  as  to  lead  the  beginner  to  consider 
attentively  the  nutrition  of  a  green  plant,  the  adaptation  of  the  plant  to 
external  circumstances,  and  the  development  of  new  parts.  The  course 
should  also  train  the  manual  skill  of  tne  pupils.  Boxes  and  the  simpler 
kinds  of  chemical  apparatus  can  be  made  in  the  school.  The  course 
should  bring  in  drawing  to  scale,  the  graphical  representation  of  experi- 
mental results,  the  care  of  garden  beds,  the  care  of  water  cultures,  and 
many  other  practical  arts.  It  ought  also  to  encourage  the  habit  of  close 
observation,  the  habit  of  methodically  comparing  structures  which  in 
different  plants  answer  the  same  purpose,  the  love  of  experiment,  and  the 
unwillingness  (so  cluiracteristic  of  the  scientific  mind)  to  accept  any 
conclusion  except  as  the  result  of  ^n  independent  and  careful  judgment 
The  study  of  seedlings  will  lead  us  to  consider  starch-formation  in  the 
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green  leaf,  root-absorption,  transport  of  food  materia],  storage  of  food 
reserves,  and  other  branches  of  the  great  question  of  the  nutrition  of 
plants.  The  flower  and  the  functions  of  its  various  parts  can  be  studied 
with  interest  and  profit.  Experiments  on  pollination  and  on  the  move- 
ments of  roots,  leaves,  and  shoots  are  not  too  difficult  for  pupils  in  school. 

School  Gardens,  (By  Miss  Lilian  J.  Clarke.) — At  the  James  Allen's 
Girls'  School,  Dulwich,  we  have  tried  for  some  years,  instead  of  giving 
information  in  the  Botany  classes,  to  lead  the  girls  to  observe,  to  draw 
what  they  observe,  to  experiment,  and  to  write  accounts  of  their  own 
experiments.  In  this  we  have  been  greatly  helped  by  possessing  a  garden 
in  which  girls  are  allowed  to  own  plots.  Hie  work  has  grown  every 
year  until  now  more  than  a  hundi^  girls  possess  gardens.  At  first 
only  order-beds  were  made.  The  girls  were  encouraged  to  own  order- 
beds  and  to  obtain  plants  for  them.  Gradually  more  order-beds  were 
added,  and  now  the  most  important  British  orders  are  represented, 
two  or  more  beds  being  sometimes  allotted  to  one  order.  As  far  as 
the  size  of-  the  bed  and  the  claims  of  other  plants  permit,  each  girl 
is  allowed  to  grow  as  many  specimens  of  a  particular  species  as  she 
likes.  The  owners  of  order  L^uminosa^  generally  take  a  great  interest  in 
growing  sweet  peas  and  ordinary  peas  and  beans,  and  the  owners  of  order 
Solanaceffi  grow  tomatoes  and  potatoes.  Town  girls  are  usually  so 
ignorant  of  the  growth  of  ordinary  vegetables  that  we  encourage  our  girls 
to  grow  many.  This  year  there  are  in  the  gardens  cabbages,  Brussels 
sprouts,  cauliflowers,  turnips,  peas,  broad  beans,  scarlet  runners,  spinach, 
beet,  lettuce,  potatoes,  parsley,  parsnips,  carrots,  &c. 

Fruits  are  valued  as  well  as  flowers,  so  most  of  the  flowers  are  left  to 
form  fruits,  and  various  methods  of  seed-dispersal  are  studied,  as  well  as 
the  structure  of  fruits.  A  large  label  is  placed  in  front  of  each  bed,  and 
the  name  of  the  order,  &c,,  is  painted  in  white  on  a  black  background. 
In  each  bed  small  labels  are  also  used  ;  for  it  is  the  rule  that  to  each  plant, 
or  clump  of  plants,  must  be  attached  a  label  bearing  the  English  name. 
Gravelled  paths  run  in  many  cases  on  three  sides  of  the  beds,  so  that  many 
girls  can  work  at  the  same  time  without  getting  in  each  other's  way. 

When  studying  pollination  it  seemed  so  necessary  that  the  girls  should 
do  some  work  of  their  own  that ^ beds  were  arranged  in  which  pollination 
experiments  could  be  carried  on.  Some  plants  are  covered  with  muslin 
in  order  to  exclude  insects,  while  other  plants  of  the  same  species  are  left 
uncovered.  Afterwards  the  girls  find  out  whether  fruits  appear  on  either 
set.  When  fruits  are  found  on  both  the  covered  and  uncovered  plants, 
the  number  and  vigour  of  the  fruits  are  compared.  In  some  plants  the 
stamens  are  cut  off  while  the  flower  is  in  bud.  These  pollination  experi- 
ments arouse  great  interest,  not  only  in  those  who  happen  to  be  studying 
pollination,  but  in  girls  of  other  classes.  Numbers  of  plants  are  grown 
for  the  sake  of  pollination  by  means  of  insects.  Figwort,  snapdragon, 
foxglove,  salvia,  monkshood,  sweet  peas,  and  deadnettles  are  found  most 
useful,  and  clumps  of  these  are  grown  in  different  parts  of  the  garden. 
A  class  often  spends  the  lesson  time  in  the  garden,  and  is  divided  into 
detachments  for  observation  of  the  visits  of  insects. 

Experiments  in  assimilation  are  carried  on  in  other  beds,  and  the  girls 
find  out  under  what  conditions  starch  is  formed  in  green  plants.  Stencils 
are  placed  on  some  leaves,  others  are  covered  with  vaseline,  and  various 
simple  experiments  are  made  Vhile  the  leaves  are  still  on  the  plant.  The 
assimilation  experiipent  beds  are  owned  by  a  fe^  ^rls  only,/ bu 
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make  experiments  cm  leaves.  In  wet  weather  when  we  cannot  go  into 
the  garcUn  we  find  the  laboratory  window-boxes  useful,  as  in  them  poUi- 
nuUon  and  assimilation  experiments  can  be  arranged.  Most  of  the  Botany 
gardens  are  either  order-beds,  or  beds  in  which  pollination  and  assimila- 
tion experiments  take  place  ;  but  there  are  a  few  others,  for  example  thoee 
in  which  soil  experiments  are  made.  Each  year  we  find  that  something 
more  is  needed  in  the  Botany  garden,  and  each  year  something  is  added. 
Last  year  climbing  plants  received  special  attention,  and  now  the  girls 
own  plants  climbing  by  twining  stems,  hooks,  roots,  stem  tendrils,  leaf 
tendrils,  or  sensitive  petioles. 

Lately  we  have  been  specially  interested  in  studying  trees.  It  had 
been  a  drawback  that  in  studying  the  structure  of  buds,  methods  of 
branching,  &c.,  we  had  no  better  materials  than  cut  specimens  or  trees 
seen  on  excursions.  This  year  there  has  been  planted  in  the  garden  a 
specimen  of  every  common  English  tree  not  already  possessed  by  us,  and 
we  hope  that  in  future  the  girls  will  draw  different  stages  of  development 
of  the  buds  of  oak,  beech,  ash,  sycamore,  maple,  willow,  iSec.,  while  still 
on  the  trees. 

Two  years  ago  we  thought  of  making  a  pond  for  water  plants,  hot 
this  was  judged  inadvisable,  and  instead  of  a  pond  in  the  garden  a  tank  is 
provided  in  our  new  botanical  laboratory. 

As  gardening  is  not  a  regular  branch  of  the  school  work,  and  no  school 
time  is  allowed  for  it,  the  work  must  be  voluntary  ;  but  there  are  many 
applications  for  Botany  gardens,  and  great  enthusiasm  is  shown.  The 
school  is  a  day-school,  so  digging,  planting,  weeding,  and  watering  are 
done  in  the  dinner  hour,  or  in  the  hour  immediately  following  afternoon 
school.  The  practical  work  appeals  to  many  who  would  not  be  interested 
in  books,  and  in  several  cases  the  gardens  have  been  the  means  of  arousing 
a  girl's  interest  in  plant  life.  In  fact,  we  have  found  the  out-of-door  work 
of  such  value  that  we  hope  to  extend  it,  and  allow  more  and  more  of  the 
school  work  in  Botany  to  depend  on  the  observations  and  experiments 
made  by  the  girls  in  their  gardens. 

J&axursions. — The  school  excursion  is  highly  valued  as  a  means  of 
stimulating  observation  in  the  field,  but  we  are  inclined  to  think  that  for 
want  of  attention  to  details  its  benefits  are  often  imperfectly  attained. 
Excursi<ms  are  sometimes  wholly  unprofitable.  The  leader  stops  now  and 
then  to  pick  a  flower,  names  it,  mentions,  perhaps,  some  curious  feature 
which  it  exhibits,  pops  it  into  his  vasculum,  and  walks  on.  Most  of  the 
party  are  not  within  hearing  :  they  have  no  part  assigned  to  them,  and 
they  bring  back  nothing  more  valuable  than  a  few  dying  flowers,  with  a 
fleeting  memory  of  some  of  their  names.  On  a  botanical  excursion  we 
ought  to  remark  not  only  flowers  and  the  peculiarities  which  distinguish 
them,  but  the  ripening  of  fruits,  the  dispersal  of  seeds,  and  defences 
against  scorching  sun  or  winter  cold.  It  is  only  by  visiting  the  same 
plant  at  different  seasons  of  the  year  that  we  become  acquainted  with 
what  may  be  called  its  biography.  To  insure  the  active  co-operation  of 
all  the  members  of  the  class,  we  have  found  it  useful  to  distribute  a  cycle- 
styled  programme,  describing,  but  not  as  a  rule  naming,  things  which  are 
to  be  looked  for. 

Example  :  A  Moorland  Walk. 

1.  Find  several  plants  with  rolled  leaves. 

2.  Find  a  plant  whose  leav^  ^,}p^  inverted  into  spines.  Locj;:  out  for 
g§edUngs  of  the  same  plant,  Digitized  by  V^OOgli 
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3.  Biiag  kavAB  ol  three  moorknd  femi.  Gen  you  find  one  which  heg 
iwiO  diatinct  kinds  of  leaves  ? 

4.  Find  a  moorland  grass  with  fine  wirjr  Jeavee.  Can  yo«  find  more 
ihan  Aoe  aaawering  to  ihiB  description  ? 

5.  Find  a  moss  which  is  very  plentiful  in  swampy  parts  ol  the  moor. 
Find  anotfaar  which  is  plentiful  in  dry  fdaoes,  and  occurs  in  two  disiinct 
forms. 

6.  There  is  a  low  plant  on  the  moor  which  is  now  in  flower.  It  grows 
in  large  paitohes,  and  from  some  of  these  patches  we  kick  up  dust  with 
our  laet^  while  other  patches  yield  no  dust.  Bring  specimens  of  esfih 
sort. 

7.  How  many  years  old  is  the  biggest  stem  of  ling  which  you  can 
And? 

The  o^ects  brought  can  be  named  and  discussed  at  convenient  halting- 
places.  Ihe  school  excursion  should  have  a  definite  aim  lest  it  degenerate 
mto  the  raid  upon  wild  flowers.  It  is  a  good  plan  to  follow  it  up  within 
a  veory  few  days  by  a  lesson  on  the  same  objects. 

Collecting, — We  have  a  poor  opinion  of  drying  plants  as  an  incentive 
to  the  study  oi  Botany.  The  dried  plant  is  an  inadequate  substitute  for 
the  living  and  growing  plant,  and  finds  its  principal  use  in  the  authenti- 
cation of  botanical  discoveries  made  in  distant  lands.  The  habit  of 
collecting  plants  for  the  herbarium  may  be  hostile  to  close  study  of  the 
environment,  and  confiim  the  pernicious  belief  that  the  thing  of  chief 
importcmce  is  to  be  able  to  name  a  plant  as  soon  as  you  see  it.  One 
hunentable  result  of  the  rapacity  of  collectors  is  that  our  native  flora  has 
become  sensibly  impoverished  of  late  years.  There  is  little  gain  to  science 
by  way  of  compensation.  Amateur  herbarium  botanists  have  not,  in  our 
own  time  and  country,  done  much  to  solve  important  questions  of  any 
kind,  and  they  often  propagate  the  misleading  notion  that  rare  species 
are  better  worth  attention  than  common  ones.  The  rarity  of  a  plant  is  a 
reason,  not  for  gathering  a  flower  and  drying  it,  but  for  letting  it  alone, 
unless,  indeed,  you  can  accomplish  some  important  and  unselfish  purpose 
only  by  its  sacnfice. 

The  museum,  like  the  herbarium,  may  easily  be  perverted  from  its 
proper  function  and  made  a  means  of  oppressing  the  intelligence  of  young 
pers<ms.  A  vast  multiplicity  of  objects  bewilders  instead  of  stimulating 
the  observing  &culty.  We  do  not  mean  for  a  moment  to  disparage 
museums.  They  are  indispensable  to  the  special  student,  who,  as  science 
advances,  demands  that  the  museum  shall  become  ever  more  complete  and 
more  rigidly  systematic.  But  the  wants  of  the  specialist  and  of  the 
schoolboy  are  so  dissimilar  that  they  cannot  be  met  by  the  same  collec- 
tion. A  school  will  be  fortunate  if  it  possesses  a  few  striking  objects  of 
nature  or  art,  such  as  a  Koman  altar,  two  or  three  Greek  coins,  a  fine 
ichthyosaur,  a  mammoth's  tusk,  and  the  like ;  but  long  series  of  woods, 
seeds,  moths,  fossils,  and  minerals  are  simply  dispiriting  to  the  beginner. 
Schoolboys  can  do  nothing  with  them  except  make  inferior  copies  of  the 
s^une  kind.  It  ought  to  be  needless  to  remark  that  the  needs  and  also 
the  powers  of  the  schoolboy  are  altogether  unlike  those  of  the  adult 
specialist.  The  specialist  attends  to  few  things  and  seeks  to  master  those 
in  every  detail.  Precise  language  and  minutely  accurate  knowledge  are 
indispensfible  to  him.  He  has  chosen  his  walk  of  life,  and  knows  that  his 
slarengtb  and  usefulness  largely  depend  upon  his  power  of  concentration. 
The  schoolboy  is  untrained,  and  bis  future  vocation  often  \jnknowTi.  J^ow 
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is  the  time  for  him  to  learn  the  scope  of  various  soienoes,  literatares,  and 
histories.  But  the  workshop  routine  of  the  professed  botanist  may  do  the 
schoolboy  harm  instead  of  good. 

In  our  opinion  both  herbaria  and  museums  are  indispensable  to 
scientific  progress.  They  have  their  uses  even  to  children,  and  many 
naturalists  have  b^;un  by  collecting.  But  there  are  things  more  advan- 
tageous and  more  appropriate  to  the  first  stage  of  botanical  study  than 
the  accumulation  of  a  pile  of  wild  flowers,  dried  and  named.  School 
collections,  illustrating  the  dispersal  of  fruits  and  seeds,  the  shapes  of 
leaves  in  connection  with  bud  folding  and  exposure  of  the  largest  possible 
surface  to  light,  resistance  to  drought  or  cold,  &c.,  may  be  made  to  gratify 
the  collecting  instinct  in  a  harmless  way,  and  at  the  same  time  to  promote 
definite  inquiries.  It  is  the  mechanical  habit  of  collecting  for  selfiSsh  ends, 
and  without  any  scientific  purpose,  that  we  wish  to  discourage. 

Systematic  Botany  in  the  School. — The  time  to  introduce  systematic 
Botany  into  the  school  course  is  the  time  when  the  need  for  it  is  felt. 
Good  teaching  will  soon  make  it  desirable  that  the  class  should  be  able  to 
recognise  such  families  as  grasses  and  leguminous  plants.  The  families, 
introduced  to  notice  one  by  one  and  illustrated  by  fresh  examples,  soon 
become  interesting,  and  even  children  delight  in  the  power  to  run  down 
the  easier  flowers.  Simple  descriptions  of  the  families  of  flowering  plants, 
in  which  the  Latin  words  are  cut  down  to  a  minimum,  will  greatly  promote 
the  attractiveness  and  intelligibility  of  early  lessons  in  classification.  We 
have  no  high  opinion  of  the  description  in  technical  language,  once  so 
strongly  recommended,  nor  of  the  filling  up  of  schedules.  All  this  is  apt  to 
divert  attention  from  things  of  greater  consequence,  and  to  stupefy  the 
docile,  while  it  alienates  pupils  of  active  disposition.  One  independent 
observation,  one  carefully  conducted  experiment,  is  worth  sheaves  of 
schedules. 

The  Teacher  to  devise  his  otjuu  Course, — It  is  natural  that  the  teacher 
should  seek  the  help  of  books  in  preparing  his  lessons  on  plants.  Such 
help  only  becomes  mischievous  when  he  becomes  dependent  upon  others 
alike  for  information  and  method.  Servile  reproduction  of  another  man's 
lessons  is  a  proof  of  incompetence.  Not  only  do  we  maintain  that  the 
language  and  the  selection  of  facts  should  he  the  teacher's  own,  but  we 
would  have  him  plan  his  own  course  of  work.  The  unenterprising  teacher 
may  look  upon  the  detailed  syllabus  as  a  safeguard,  but  to  a  teacher  of 
any  spirit  it  is  intolerable  tyranny.  The  low  condition  of  elementary 
science  in  our  schools  is  largely  due  to  unwise  examining.  The  detailed 
syllabus,  the  worship  of  technical  language,  the  authoritative  enunciation 
of  general  principles  to  pupils  who  have  no  knowledge  of  concrete  facts, 
and  the  practice — still  widespread — of  endeavouring  to  learn  a  science  by 
heart  are  largely  due  to  the  influence  of  public  examinations.  Liberty 
for  the  teacher  is  essential  to  progress  on  good  lines.  How  to  reconcile 
liberty  with  tests  of  efficiency  is  a  difficult  but  by  no  means  an  insoluble 
problem. 

Microscopes  in  School  Work, — The  appliances  required  for  junior 
classes  in  Botany  are  few  and  simple.  Much  may  be  done  with  common 
knives,  needles,  and  simple  lenses.  When  the  dissection  of  plants  becomes 
a  regular  occupation,  an  inexpensive  dissecting  microscope  such  as  that 
sold  by  Leitz  of  Wetzlar  for  Ss,  will  fulfil  many  requirements.  Still 
simpler  home-made  stands  will  answer  the  purpose.  It  is  good  for  any 
teacher  who  has  a  mephanical  tur|i  to  devise  his  pwn  microscope.     To  mak^ 
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ihtoi  really  useful  there  should  be  at  least  one  to  every  pair  of  pupils.  The 
compound  microscope  should  never  appear  in  junior  classes,  and  we  are 
inclined  to  think  tliat  it  will  be  best  to  reserve  it  for  the  highest  form  in 
a  secondary  school. 

Histological  details  and  a  knowledge  of  microscopic  plants  are  often 
expected  of  pupils  who  have  never  had  the  use  of  a  microscope.  This 
inevitably  leads  to  unreal  teaching. 

Other  Te€bching  Appliances. — Diagrams  and  lantern  slides  are  often 
made  too  much  of  in  school  work.  They  sliould  be  mere  accessories  which 
have  their  uses  in  particular  cases.  A  good  teacher  will  not  depend  upon 
tiiem,  and  will  usually  prefer  the  drawing  made  in  class.  To  make  the 
most  of  simple  means  is  an  education  in  itself. 


Tlie  Teachvug  of  Science  in  Elementary  Schools, — Report  of  the  Com- 
mittee,  consisting  of  Professor  H.  E.  Armstrong  (Secretarif)^  Lord 
AvEBURY,  Professor  W.  K.  Dunstan,  Mr.  George  Gladstone, 
Sir  Philip  Magnus,  Sir  H.  E.  Roscoe,  Professor  A.  Smithells, 
and  Professor  S.  P.  Thompson. 

Dr.  Qladstons*s  death  last  year,  at  the  age  of  seventy-five  years,  has 
removed  one  of  the  most  familiar,  sjrmpathetic,  and  welcomed  figures 
from  the  meetings  of  the  British  Association.  The  services  which  he 
rendered  to  the  cause  of  elementary  education,  especially  in  London, 
although  well  known  to  his  friends^  have  yet  to  be  fully  appreciated. 
Elected  a  member  in  1873,  he  retired  from  tne  School  Board  for  London 
only  in  1894  ;  throughout  this  time  he  was  one  of  its  most  active 
members,  making  himself  specially  prominent  as  an  advocate  of  spelling 
reform,  of  object-lesson  teaching,  of  manual  training  and  of  the  teaching 
of  Elementary  Science.  Perhaps  the  most  enduring  testimony  of  the 
interest  Dr.  Gladstone  took  in  elementary  education  is  afforded  by  the 
unbroken  series  of  reports,  commencing  in  1881,  presented  by  your  Com- 
mittee. These  reports  were  almost  wholly  inspired  by  him,  when  not  his 
actual  work  ;  to  those  who  knew  him,  their  generally  hopeful,  indeed 
optimistic,  tone  affords  good  evidence  of  his  guiding  hand.  The  influence 
which  he  exercised  on  the  London  School  Board— the  value  on  such  a 
body  of  even  a  single  staunch  advocate  of  a  policy — is,  perhaps,  best 
shown  by  the  fact  that  after  his  retirement  the  Board  soon  ceased  to 
maintain  the  teaching  of  Science  in  their  schools  on  the  level  of  efficiency 
which  it  was  beginning  to  assume,  and  only  last  year  woke  up  to  the  fact 
that  the  subject  was  one  requiring  special  attention.  There  could  be  no 
better  illustration  of  the  haphazard  manner  in  which  it  has  been  our 
custom  to  conduct  education. 

It  was  felt  last  year  that  the  Committee  had  in  great  measure  served 
its  purpose^ — that,  in  view  of  the  changes  which  have  taken  place  in 
the  educational  policy  of  the  country,  if  any  such  Committee  were  to  be 
again  appointed,  it  should  be  a  new  one  having  a  more  definite  line  of 
action  marked  out  for  it.  It  was,  therefore,  agreed  that  a  final  report 
should  be  presented  this  year.  In  view  of  the  grievous  loss  which  has 
deprived  them  of  their  Chairman,  your  Committee  feel  that  they  cannot 
bring  their  labours  to  a  more  fitting  conclusion  than  by  calling  special 
attention  to  the  work  which  will  ever  serve  to  recall  Dr.  Gladstone's 
services  to  educational  science  in  connection  with  the  Association.  , 
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Dr.  Oleulstone  first  broilght  the  subject  of  scientific  teatdtdfig  uild^ 
notice  at  Sheffield  in  1879  in  a  paper  read  in  Section  P  (Eocfooane 
Science),  in  which  he  referred  to  the  action  taken  by  the  School  Board 
for  London.  At  the  same  meeting  Mr.  Moss,  clerk  to  the  Sheffield 
School  Board,  and  Mr.  Hance,  clerk  to  the  Liverpool  School  Board, 
described  the  stepn  that  had  been  taken  to  introduce  teaching  in 
Elementary  Science  into  the  schools  in  their  distHcts.  Mf .  Moss  spoke  of 
the  need  for  really  good  teachers.  Mr.  Hance  described  the  manner  in 
which  demonstrations  were  given  by  peripatetic  teachers. 

Dr.  Gladstone  and  his  friends  were  evidently  alhre  to  the  difficulties 
that  would  arise  in  judging  of  the  work  done  in  schools,  (ot  at  the 
Sheffield  meeting  a  committee  was  appointed  to  consider  'whether  it 
is  important  that  H.M.  Inspectors  of  Elementary  Schools  should  be 
appointed  with  reference  to  their  ability  for  examining  in  the  scientific 
specific  subjects  of  the  Code  in  addition  to  other  matters.' 

Mr.  Mundella  was  first  Chairman  of  this  Committee,  Dr.  Gladstone 
being  the  Secretary.  The  report,  presented  at  Swansea,  referred  to  the 
incapacity  of  the  inspectorate  to  examine  in  Science  and  advocated  that 
steps  should  be  taken  to  secure  the  appointment  of  qualified  men.  The 
subsequent  neglect  of  Science  in  elementary  schools  is  in  no  slight  degree 
due  to  the  fact  that  this  recommendation  was  neglected. 

The  Committee  was  reappointed  at  Swansea  to  report  *  on  the  mann^ 
in  which  rudimentary  science  should  be  taught  and  how  examinations 
should  be  held  therein  in  elementary  schools.' 

In  their  report,  presented  at  York  in  1881,  after  considering  the 
manner  in  which  rudimentary  Science  was  taught,  recommendations  were 
m£ide  1 — 

An  to  object  lessons, — That  these  should  be  taken  into  account  in 
toiimating  the  teaching  given  in  an  infant  school. 

As  to  doss  streets, — That  these  should  be  given  preferably  through 
illustrated  oral  lessons  rather  than  by  reading. 

As  to  specific  Science  subjects. — That  a  knowledge  of  the  facts  of 
nature  is  an  essential  part  of  the  education  of  every  child  and  that  it 
should  be  given  continuously  during  the  whole  of  school  life  from  the 
baby  class  to  the  highest  standard.  Of  course  in  early  years  this  teach- 
ing will  be  very  rudimentary ;  but  by  developing  the  child's  powers  of 
perception  and  comparison  it  will  prepare  it  for  a  grfidual  extension  of 
such  knowledge.  They  consider  also  that  the  early  teaching  must  be 
very  general,  while  the  later  may  be  more  specific. 

Up  to  the  present  day  this  last  recommendation  has  been  almost 
entirely  disregarded. 

The  Committee  urged,  with  reference  to  the  prominence  ^ven  to 
English  grammar  in  the  Code,  that  the  knowledge  of  Nature  should  be 
put  on  an  equal  footing  in  the  schools  with  the  analyras  of  the  mothet* 
tongue. 

Mr.  Mundella  had  just  laid  upon  the  table  of  the  House  of  Commons 
certain  proposals  for  revision  of  the  Code ;  the  Committee  was,  therefore, 
reappointed  in  1881  to  'watch  and  report  on  the  workings  of  the  pro- 
posed revised  new  Code  and  of  other  legislation  affecting  the  teaching  of 
Science  in  elementary  schools.' 

Desiring  that  the  knowledge  of  Nature  should  be  more  effectually 
encouraged  as  a  class  subject,  the  Seci^taiy,  at  the  ^  request ,  of  the 
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Comtnitte^,  mw  Mr.  Mundella,  the  Tice-Presitfent  of  the  Committer  of 
Council  on  Education.  He  found  him  desirous  of  receiving  the  views  of 
the  Committee.  The  Committee  thereupon  agreed  upon  certain  recom- 
mendations, which  were  adopted  by  the  Council  of  the  Association  and 
transmitted  to  the  Education  Department.  The  Covemment  adopted 
some  of  these  recommendations  in  whole  or  in  part 

From  1883  onwards  the  Committee  was  annually  reappointed  for  the 
purpose  of  continuing  the  inquiries  relating  to  the  teaching  of  Science  in 
Elementary  schools.  Prior  to  1894  it  was  attached  to  the  Economic 
Section  ;  in  that  year  and  until  the  foundation  of  Section  L  in  1901  it 
was  appointed  under  the  auspices  of  Section  B. 

Each  year  prior  to  1901,  until  the  introduction  of  the  Block  Grant 
deprived  the  Committee  of  the  opportunity,  a  statistical  statement  has 
been  made,  derived  from  the  Government  returns,  of  the  proportion  of  the 
children  examined  in  the  scientific  subjects.  These  have  shown  con- 
siderable flttctuation  ;  the  proportion  has  never  risen  above  30  per 
cent.  But  there  has  always  been  great  difficulty  in  interpreting  such 
returns  and  th^  undoubtedly  convey  far  too  favourable  an  impression. 
To  quote  from  the  report  of  1901  : — *  Up  to  1890  the  Government  Code 
of  regulations  for  day  schools  was  so  framed  as  practically  to  exclude 
natural  and  expenmental  Science.  Schools  were  at  that  time  limited  to 
two  so-called  "  class  subjects,"  which  were  specifically  defined  as  "  English, 
Geography,  History,  and  Elementary  Science,"  of  which  English  must  be 
one.  Of  the  other  three  "  Geography  "  has  always  been  the  most  popular 
and  "  Elementary  Science"  the  least.  Hence  in  the  year  1889-90  the  num- 
ber of  school  departments  in  which  **  English  "  was  taken  amounted  to  no 
fewer  than  20,304,  while  "  Elementary  Science  "  was  taught  in  only  thirty  • 
two.  At  that  period  the  instruction  in  English  was  almost  exclusively 
confined  to  grammatical  exercises  and  that  in  Geography  to  topographical 
details.  Nowadays  both  terms  are  to  be  understood  in  a  much  broader 
and  more  scientific  sense.  At  the  period  above  named  a  free  choice 
amongst  these  subjects  was  given,  the  preponderance  of  English  grammar 
began  to  decline  and  has  continued  to  do  so"  ever  since.  In  1890-91  the 
figures  for  English  and  Elementary  Science  were  19,825  and  173  respec- 
tively ;  in  1891-92  they  were  18,175  and  788.  The  table  given  below 
will  show  the  comparative  figures  each  succeeding  year  to  1899-1900, 
Object  lessons  were  made  an  obligatory  subject  of  instruction  in  the  three 
lower  standards  from  September  1,  1896  ;  hence  the  rapid  rise  in  the  two 
succeeding  years.  They  then  became  merged  into  the  general  term  of 
Elementally  Science,  and,  following  the  terminology  of  the  Code,  may 
sometimes  be  included  under  the  head  of  Geography.' 


Class  Subjeotg— 
Departments 

1893-3 

17,394 

14,256 

1,078 

1893-4 

17,032 

16,260 

1,216 

1894-5 

1895-6 

1896-7 

1897-8 

1898-9 

!  1899-1900 

i 

English      .... 
Geography.       .       . 

Object  Lessons  . 

16,280 
16,702 
1,712 

15,S27 
16,171 
2,237 
1,079 

14,286 

16,646 

2,617 

8.321 

13,466 
17,019 
2,148 
21,882 

13,194 
17.872 

t  21,301 

[     12,993 
t      18,632 

19,998 

When  the  character  of  the  work  which  has  been  done  is  considered, 
the  progress  made  is  undoubtedly  unsatisfactory.  It  is  beyond  question 
that  'Science'  has  in  no  way  taken  its  proper  place  in  out  system  of 
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elementary  education.  Here  and  there  work  of  the  very  greatest  value 
has  been  done  ;  but  such  cases  are  all  too  rare. 

There  are  many  and  obvious  reasons  for  the  failure.  Pupil  teachers, 
as  a  rule,  have  received  no  proper  instruction  in  the  subject  and,  with  few 
exceptions,  the  training  colleges  have  done  little  to  promote  rational 
methods  of  teaching  the  elementary  principles  of  Science  and  Uieir 
application  to  common  life.  The  inspectorate  have  had  but  little 
sympathv  with  such  work  and  the  Education  Department  itself  long 
took  no  interest  in  the  subject.  The  School  Boards  also  have  given  little 
help,  owing  to  the  fact  that  they  have  rarely  counted  among  their 
members  men  able  to  understand  the  great  importance  of  training  in 
scientiiic  method.  In  so  far  as  the  work  has  prospered  at  all,  it  has 
been  mainly  under  the  segis  of  the  Science  and  Art  Department ;  but 
by  placing  a  premium  on  certificates  they  have  done  much  to  discourage 
other  than  superficial  knowledge  of  individual  subjects  in  teachers. 
Unfortunately  the  requirements  of  the  Science  and  Art  Department  with 
reference  to  specific  subjects  have  rarely  been  such  as  to  encourage  a  class 
of  work  suitable  for  elementary  schools.  A  protest  from  this  point  of 
view  against  the  inclusion  of  specific  science  subjects  in  the  Code  was 
made  by  the  Joint  Scholarships  Board  in  1897  in  a  memorandum 
forwarded  to  the  Vice-President  of  the  Council.  The  principal  recom- 
mendation was  as  follows  ^ : — *  That  in  order  to  place  "  Science  "  on  a 
sounder  footing  in  Elementary  Schools  and,  above  all,  in  order  that  the 
teaching  of  the  subject  may  be  of  real  value  educationally,  it  is  desirable 
that  only  one  Science  subject  should  be  taught  up  to  and  within  the  Sixth 
Standard,  and  that  the  course  should  be  a  progressive  one.  It  seems  that 
this  might  be  accomplished  by  adopting  exclusively  Course  H  given  in  the 
Supplement  to  Schedule  2  of  the  Day  School  Code.' 

Unfortunately  no  effect  has  yet  been  given  to  this  recommendation 
by  the  Education  Department, 

There  can  be  little  doubt  that  the  most  effective  expeiiment  yet  made 
is  that  carried  out  under  the  London  School  Board  in  the  Tower  Hamlets 
and  Hackney  districts  by  Mr.  Gordon  and  then  by  Mr.  Heller.  Although 
the  London  Board  failed  to  understand  the  great  work  done  under  its 
auspices  and  made  no  proper  arrangements  to  carry  it  on  when  Mr.  Heller 
quitted  their  service  in  1897,  it  has  been  appreciated  by  others,  especially 
by  the  late  Professor  FitzGerald  and  his  colleagues  on  the  Commission  on 
Manual  and  Practical  Instruction  in  Primary  Schools  in  Ireland.  In 
fact,  since  1900  Mr.  Heller  has  been  engaged  as  Head  Organiser  of 
Science  Instruction  in  Irish  Elementary  Schools.  The  system  developed 
in  London  schools  is  therefore  in  full  force  in  Ireltmd  ^  and  it  is  to  Ireland 
that  we  must  now  look  for  guidance. 

The  great  obstacles  to  good  Science  teaching  at  the  present  time  in 
elementary  schools  are  still,  in  the  words  of  the  report  of  1895  : — 

»  i^/w^l897,p.  291. 

*  The  subject — General  Elementary  Science — has  been  made  a  corapulBory  part 
of  the  carricnlom  of  national  schools  and  the  conditions  of  object  lesson  teaching 
hare  been  carefally  defined.  Satisfactory  laboratory  instraction  most  be  given  to 
all  students  in  training  colleges.  In  1901  the  Commissioners  of  National  Edaoation 
ordered  that  *  the  entire  inspection  staff '  shoald  undergo  a  course  of  training  in 
laboratory  work  and  the  methods  of  experimental  inquiry.  Mr.  Heller  was  origin- 
ally appointed  only  for  five  years;  hit  appointment  has  recently  been  made  a 
permanent  one,  however. 
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1    Large  olaues. 

2.  Multitude  of  subjects. 

3.  Insufficiency  of  the  training  course  for  teachers  in  Science  subjects. 

4.  Effects  of  the  old  Science  and  Art  system,  which  is  clearly  tut  too 
formal  and  pays  far  too  little  attention  to  ordinary  requirements. 

In  girls'  schools  the  teaching  of  Domestic  Science  and  Domestic 
Economy  is  gradually  assuming  importance,  but  it  is  to  be  feared  that 
the  course  is  rarely  of  a  satisfactory  character,  being  far  too  formal  and 
inelastic,  besides  lacking  a  proper  scientific  basis. 

The  same  may  be  said  of  Nature  Study.  There  is  a  danger  that 
education  authorities,  realising  the  value,  as  a  training  and  as  a  matter 
of  interest,  of  '  Nature  Study,'  will  force  instruction  in  this  subject  in 
schools  in  which  the  teachers  are  quite  unable  to  handle  it  effectively  by 
reason  of  their  want  of  scientific  training  and  knowledge. 

Lastly,  it  should  be  pointed  out  that  your  Committee  has  always  taken 
a  deep  interest  in  manual  training.  At  Southport,  in  1883,  a  recom- 
mendation was  passed  that  this  Committee  '  be  requested  to  consider  the 
desirableness  of  making  representations  to  the  Lords  of  the  Committee 
of  Her  Majesty's  Privy  Council  on  Education  in  favour  of  aid  being 
extended  towards  the  fitting  up  of  workshops  in  connection  with  elementary 
day  schools  or  evening  classes  and  of  making  grants  on  the  results  o! 
practical  instruction  in  such  workshops  under  suitable  direction  and,  if 
necessary,  to  communicate  with  the  Council.'  In  1885  the  Committee 
reportea  to  the  Council  that  they  did  consider  it  desirable  to  make 
representations  to  the  Education  Department.  The  Council  unfortunately 
raissed  an  opportunity,  as  they  did  not  see  their  way  to  proceed  further 
in  the  matter. 

Since  then  manual  training  has  acquired  considerable  importance  in 
elementary  schools  :  the  introduction  of  such  work  was  in  no  small 
measure  due  to  the  activity  of  two  members  of  your  Committee,  Dr.  Glad- 
stone and  Sir  Philip  Magnus,  on  the  Joint  Committee  of  the  City  and 
Guilds  of  London  Institute,  the  Drapers'  Company  and  the  School  Board 
for  London.  There  is  little  doubt  that  the  educational  value  of  this 
subject  has  not  yet  been  sufficiently  appreciated  and  that  the  time  is 
now  come  to  introduce  broader  conceptions  and  largely  extend  it. 

In  view  of  the  national  importance  of  developing  the  scientific  spirit 
in  elementary  schools,  it  is  not  too  much  to  say  that  it  is  now  the  duty 
of  the  Association  to  intervene  with  constructive  proposals  which  will 
promote  such  an  object :  judging  from  the  great  success  which  has 
attended  the  labours  of  the  Committee  on  the  teaching  of  chemistry 
in  schools  and  the  recent  discussion  on  the  teaching  of  mathematics, 
thero  can  be  little  doubt  that  a  general  inquinr  might  now  be  undertaken 
with  great  advantage  and  that  proposals  might  be  made  which  would  be 
of  the  greatest  value  in  guiding  educational  authorities  generally.  It 
appears  desirable  that  a  special  Committee  should  be  appointed  to  report 
upon  the  course  of  experimental,  observational,  and  practical  studies  most 
suitable  for  elementary  schools  and  generally  as  to  the  steps  which  it  is 
desirable  to  take  to  secure  proper  attention  to  and  encouragement  of 
such  studies.  All  who  have  paid  attention  to  the  subject  will  probably 
agree  that  some  organised  effort  should  now  be  made  to  extend  the  teach- 
ing of  scientific  method. 
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Tnjhience  of  Examinaiions, — hit^m  Report  of  the  Committee,  (xm- 
sidijig  of  the  Bishop  of  Hereford,  Sir  Michael  Foster,  Sir 
P.  Magnus,  Sir  A.  W.  RCcker,  Sir  O.  J.  Lodge,  Mr.  H.  W. 
Eve,  Mr.  W.  A.  Shbnstone,  Mr.  W.  D.  Eggar,  Piofiossor 
MARSHAI.L  Ward,  Mr.  F.  H.  Neville,  Mrs.  W.  N.  Shaw,  Dp. 

0.  W.  KiMMiNS,  Dr.  H.  E.  Armstrong  {Chairman)^  and  R.  A. 
Gregory  (Secretary)^  appointed  to  consider  and  report  upon  the 
Influence  exercised  by  Universitiei  and  Examining  Bodies  on 
Secondary  School  Curricula;  also  of  the  Schools  on  UniversUjf 
Befjuirements.     (Dravm  up  by  the  Chairman.) 

DuRiHG  the  past  few  months  the  regulation  of  examinations  has  oocopied 
the  attention  of  a  number  of  public  bodies.  It  is  an  open  secret  that  the 
Consultative  Committee  have  had  the  subject  of  a  school-leaving  exami- 
nation under  consideration,  as  they  have  consulted  both  university 
authorities  and  teachers  on  the  question  ;  and  that  there  is  a  trend  df 
opinion  in  such  a  direction  is  shown,  for  example,  hv  the  action  reoentlj 
taken  by  the  University  of  London  in  the  matter  of  school  examinationa. 

As  a  preliminary  step  a  circular  has  been  issued  to  the  members  of 
the  Head  Masters'  Conference  and  other  heads  of  schools,  and  to  a 
number  of  university  tutors,  &c. ;  but  as  yet  only  a  limited  area  has  been 
covered,  and  it  will  probably  be  desirable  to  extend  the  inquiry  in  order 
to  ascertain  the  opinion  of  teachers  in  general  as  well  as  of  other  com* 
petent  persons. 

In  inviting  opinions  the  following  statement  was  made  : — 

For  the  purposes  of  this  inquiry  it  is  desired  to  obtain  opinions  from 
those  whose  work  is  affected  in  one  way  or  another,  or  who  have  spedal 
opportunities  of  judging,  with  the  object  of  eventually  placing  on  reeofti 
a  clear  statement  of  any  objections  that  may  be  felt  to  attaoh  to  existing 
practices  ;  and  more  especially  to  suggest  alterations  or  remedies  whi<^ 
if  introduced  would  favouraUy  influence  the  work  both  of  schools  aod 
universities. 

The  subjects  to  which  attention  may  be  particularly  directed  are  : — 

1.  The  effect  of  examinations  generally  on  school  curricula.  Do  they, 
on  the  whole,  tend  to  direct  the  teaching  along  reasonaUe  lines ;  or  do 
they  interfere  with  the  liberty  of  action  of  schools,  and  check  the 
development  of  individuality  and  the  power  of  independent  thought  f 

2.  The  effect  of  specific  examinations,  both  as  affecting  general  training 
and  as  encouraging  undue  specialisation,  either  on  the  humanistic  or  the 
scientific  side. 

3.  The  need  of  unifying  examinations  with  the  object  in  view,  among 
others,  that  certain  examinations  may  serve  a  common  purpose,  e.g.,  as 
qualifying  examinations  for  entrance  upon  a  course  of  proressional  study. 

4.  The  need  of  preventing  examinations  from  becoming  stereotyped 
and  behind  the  times,  and  thus  discouraging  the  development  of  new  or 
improved  methods.  How  far  does  an  interchange  of  opinion  between  ihe 
teaching  profession  and  examining  bodies  already  take  place,  and  to  what 
extent  might  it  be  extended  ? 

5.  The  possibility  of  arranging  outside  examinations  so  as  to  test  what 
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has  really  been  taught  in  the  School,  leaving  the  Teachers  a  freer  hand 
than  in  the  past,  and  arranging  for  their  co-operation  on  the  Examining 
Board,  in  the  setting  of  the  questions  and  in  considering  the  answers. 

6.  The  possibility  of  arranging  so  that  examinations  conducted  on  the 
basis  of  papers  set  so  as  to  suit  individual  schools,  with  the  answers 
marked  in  the  first  instance  by  the  Teachers,  subsequently  criticised  and 
standardised  by  outside  authority,  shall  serve,  when  passed  above  a  certain 
standard  in  a  given  range  of  subjects,  as  equivalent  to  the  Entrance 
Examination  fer  a  University  or  for  a  Profession. 

7.  The  extent  to  which  certain  subjects  are  to  be  regarded  as  neces- 
sary and  others  as  optional.  In  particular,  how  far  do  University  entrance 
examinations  tend  to  promote  a  good  all-round  education  ? 

8.  The  suitability  of  the  training  at  present  given  in  8(diools  as 
preparation  for  higher  studies,  (a)  at  the  Univereities  and  (6)  in  Technical 
Schools. 

9.  The  suitability  of  the  training  given  in  Universities  and  elsewhere 
as  a  preparation  for  the  teaching  profession. 

The  following  passages  taken  from  the  various  replies  (fifty-six)  illus- 
trate the  general  character  of  the  answers  given.  Provisionally  names 
are  not  attached  to  the  answers,  but  only  numbers.  S  indicates  that  the 
opinion  comes  from  a  school ;  U,  that  it  comes  from  a  university, 
lliirty-five  opinions  are  from  schools,  twenty-one  from  universities. 

1.  The  efiect  of  examinations  generally  on  school  curricula.  Do  they, 
on  the  whole,  tend  to  direct  the  teaching  along  reasonable  lines  ;  ot  do 
they  interfere  with  the  liberty  of  action  of  schools,  and  check  the 
development  of  individuality  and  the  power  of  independent  thought  V 

While  pointing  out  the  many  evils  which  attend  examinations  the 
majority  take  the  view  that  in  some  form  they  are  necessary*  It  is 
gttMrally  recognised  that  there  has  been  a  marked  tendency  to  develop 
and  improve  examinations  of  late  years. 

S  26.  Examination  has  its  place  in  education ;  and  over  and  above 
this  must  be  applied  and  endured  as  a  test  of  relative  merit  and  ability. 
Educationally  its  value  depends  on  just  co-ordination  with  the  te&ching 
given  ;  and  the  more  strict  and  definite  the  limits  of  a  subject  are,  the 
more  possible  it  is  to  secure  such  wholesome  co-ordination  from  an  ex- 
ternal examiner.  At  the  present  time  external  examinations  are  carried 
to  such  wasteful  and  mischievous  excess  that  they  are  doing  more  hanp 
than  good  to  the  advance  of  education,  and  unfortunately  tell  most  upon 
the  best  boys. 

Every  professional  body  appears  to  hold  that  it  is  forwarding  educa- 
tion, or  perhaps  rather  satisfying  self-respect  and  rising  to  its  position, 
by  instituting  schemes  of  examination  and  insisting  on  those  particular 
tests  as  alone  valid.  Every  British  university  frames  its  own  scheme 
of  sul]|jects  and  books,  to  the  exclusion  of  all  others.  Colleges,  oommis- 
riomers,  board%  and  committees  follow  the  same  course  in  respect  of 
scholarship  or  admission  tests.  The  schemes  are  arbitrary,  conflicting, 
and  needlessly  inelastic,  and  together  make  havoc  of  all  unity  in  school 
curricula.  No  one  familiar  with  the  whole  field  can  place  much  faith 
in  tha  Apposed  and  contradictory  conclusions  enforced  by  didfferent 
authorities.  For  instance,  what  a  hotch-potch  results  froo^  die  plftce  given 
^  Palsy,  Jet<ttis>  Greek  Testament,  and  trigonometry  at  Cambridge 
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to  meohanios  and  soienoe  at  London  ;  to  history  and  English  at  Yicioria 
University !  Or,  again,  a  boy  is  preparing  for  the  Army :  if  he  takes 
the  Woolwich  or  Sandhurst  route,  Greek  is  virtually  (except  under  heavy 
forfeit)  disallowed  ;  if  finally  he  prefers  Oxford,  it  is  enforced.  Even  u 
he  passes  Responsions  twelve  or  fifteen  months  before  going  into  resi- 
dence the  college  insists  upon  his  keeping  up  Qreek  for  matriculatioo 
purposes  and  subordinating  or  neglecting  modem  languages  and  mathe- 
matics until  residence  begins.  These  are  but  illustrations  of  a  com> 
plicated  mass  of  divergences.  The  total  result  of  such  pedantic  and 
inelastic  compulsions  is  disastrous,  and  is  needlessly  intensified  by  the 
usage  of  ^school  books'  in  language  examinations.  The  preliminary 
examinations  for  graduation  (Smalls,  Little  Go,  &c.)  have  been  flung 
upon  the  schools,  unity  of  curriculum  has  been  made  impossible,  and  the 
final  year  of  school  preparation  is  broken  up  by  distracting  and  dis- 
cordant examination  calls. 

Consider  first  the  abler  boys,  candidates  for  scholarships  or  exhibi- 
tions. Successive  scholarship  competitions,  *  Responsions,'  *  Preliminary/ 
or  '  Additional '  examinations  at  Oxford  or  Cambridge,  college  entrance 
and  matriculation  tests,  added  to  the  indispensable  school  examinations 
on  work  done  and  for  the  adjudication  of  school  awards,  break  up  the 
year  with  harassing  (and  expensive)  absences,  and  not  much  lees  than 
a  quarter  of  a  boy's  whole  time  is  vxwUd  in  examinations ;  while  the 
preparation  of  set  books  on  subjects  encroaches  seriously  upon  the 
remainder  left  available. 

For  less  able  boys  the  latter  form  of  encroachment  becomes  much 
more  serious.  In  practice  for  one,  two,  or  (in  extreme  cases)  three  terms 
of  the  final  school  year  boys  must  be  withdrawn  from  parts  or  the  wh<^e 
of  the  school  curriculum,  forfeiting  the  stimulus,  the  emulati<m,  and  the 
interest  that  attaches  to  collective  learning,  and  must  be  set  in  ones  or 
twos  to  prepare  the  particular  subjects  or  authors  imposed  by  the 
authority  to  whose  regulations  he  must  conform  each  detail.  To  make 
matters  worse,  the  examinations  are  timed  quite  irrespectively  of  school 
terms,  and  as  a  net  result  produce  more  idleness,  more  bad  and  broken 
and  undirected  work,  than  any  other  single  cause  to  which  I  could  point. 

As  to  the  effect  of  examinations  upon  study  and  teaching,  external 
and  impersonal  examinations  certainly  tend  to  narrow,  not  to  widen, 
the  range ;  and  the  higher  the  stage  reached,  the  more  this  becomes  true. 
In  the  field  of  humanistic  studies  time  and  interest  expended  upon  literary 
contest  or  side  issues  {e,g,^  historical,  archieological,  artistic,  mythological, 
philosophical,  kc.)  will  pretty  certainly  be  thrown  away,  and  from  the 
examinalum  point  of  view  what  pays  is  close  adherence  to  the  standard 
commentary  or  text-book  on  the  subject.  On  the  whole  this  sets,  and 
probablv  rightly,  the  limits  beyond  which  the  impersonal  examiner 
hardly  feels  it  proper  to  travel  in  examining  a  mixed  field  of  candidates. 
Of  some  branches  of  science  this  is  less  true.  But  here^  too,  examination 
is  apt  to  be  restrictive  and  sterilising  unless  intimately  co-ordinated  with 
the  teacher's  wofk.  In  biology,  for  instance,  or  botany,  two  hoars 
a  week  given  to  some  representative  comer  of  the  subject  is  incom- 
parably more  educalive  than  general  outlines ;  but  if  gauged  by  impersonal 
examination  tests  might  seem  to  jrield  an  absolute  zero  St  result. 

But  it  seems  waste  of  time  to  enlarge  upon  these  obvious  and  admitted 
evils.    Is  any  remedy  or  alleviation  possible  1 
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their  effeoU,  not  only  in  checking  individuality  and  progress  among 
teachers,  but  in  tending  to  substitute  facility  of  reproduction  for  origin^ 
ality  of  thought  among  the  taught.  It  is  a  bitter  disappointment  to  a 
young  fellow  to  find  at  twenty-two  that  the  work  required  to  get  on  in 
the  world  is  of  a  different  nature  from  that  which  has  hitherto  brought 
him  success  in  examinations. 

It  may  happen  that  a  boy  has  to  get  up  the  same  subjects  over  and 
over  again,  to  pass  some  examination  in  which  he  has  been  ploughed  in 
some  other  subject.  For  instance,  I  have  known  a  boy's  whole  education 
at  a  standstill  for  a  year  while  he  is  getting  up  some  one  subject  for  the 
London  Matriculation  ;  and  I  have  known  boys  go  in  four  or  five  times 
for  the  L.O.C.  Intermediate  Scholarships,  getting  up  the  same  '  elementary 
experimental  science '  year  after  ye^r,  their  scientific  education  meanwhile 
lieing  at  a  standstill. 

S  35.  The  substitution  of  unseens  for  prepared  books  in  the  Civil 
Service  examinations  has  an  utterly  cramping  effect,  as  it  leads  to  study 
of  cram  books  of  unseens  instead  of  authors.  Ordinary  examination 
reports  are  useless,  especially  those  issued  by  the  Oxford  and  Cambridge 
Boards  on  inspectional  papers. 

S  25.  Thinks  that  the  examination  of  schools  in  classical  and  English 
subjects,  which  is  mainly  done  by  the  universities,  is  done  very  baiolly. 
Points  out  faults  and  suggests  reforms,  thus  : 

1.  Wrong  men  chosen  for  examiners — persons  who  have  no  experi- 
ence in  teaching  in  schools  or  persons  who  have  failed  in  it. 

2.  Theory  of  examination  misunderstood.     Its  real  functions  are — 

(a)  to  stimulate  boys  ; 

(6)  to  inform  outsiders  and  governors  of  condition  of  school ; 

(c)  to  improve  the  teaching. 

The  first  is  partially  attained,  the  second  very  inadequatelyperformed, 
the  third  (by  far  the  most  important)  practically  neglected.  The  teachers 
have  no  confidence  in  the  competence  of  the  examiners  to  advise  or 
criticise. 

3.  Method  wrong. 

(a)  Examination  wholly  or  mainly  on  paper,  and  does  not  touch 
some  of  the  most  important  parts  of  the  master's  work,  e.^.,  training  of 
character. 

(b)  Papers  badly  set — 

(a)  far  too  long  for  boys  to  have  time  to  think  j 

(fi)  test  memory  rather  than  brains ; 

(y)  questions  often  loosely  and  obscurely  Worded. 

(c)  Papers  badly  looked  over  owing  to  ladness  of  examiner  and 
desire  of  schools  tor  over-hasty  results. 

(d)  The  reports  are  practically  useless.  They  do  not  deal  at  all  with 
the  training  of  character.  Owing  to  the  constant  change  of  examiners 
they  cannot  detect  forgers  or  deterioration.  The  examiner  usually  takes 
one  or  two  forms,  instead  of  one  subject  from  top  to  bottom  of  a  school^ 
and  so  cannot  detect  the  weak  points.  He  never  comes  into  real  contact 
with  the  actual  teachers.  He  does  not  know  how  many  seeming  failures 
may  be  due  to  causes  beyond  the  teacher's  control.  ,  , 
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Result  is  to  (1)  confine  teacher  to  old  rats  and  discourage  all  attempts 
at  improvement. 

(2)  Cause  the  teacher  to  devote  disproportionate  amount  of  time  to 
written  work. 

(3)  Foster  '  cram.'  The  teacher  considers,  not  what  is  best  for  the 
boys,  but  what  the  examiner  will  ask. 

Reforms  suggested  :  (1)  Examiners  should  be  drawn  only  from 
experienced  and  enlightened  schoolmasters. 

(2)  Examiner  sh^d  report,  not  merely  on  attainments  of  bojrs,  but  on 
curriculum,  books,  and  school  arrangements  genoully.  Bad  work  is  aa 
often  due  to  bad  arrangements  as  to  bad  teaching. 

Especially  (3)  examiner  should  spend  several  days  at  the  scIkx^ 
listening  to  teaching  and,  above  all,  coming  into  close  contact  witii  teachers, 
so  that  he  may  know  their  aims  and  difficulties,  and  may  give  advice  and 
encouragement  rather  than  criticism. 

(4)  In  the  setting  of  papers  the  teacher  should  have  a  voice  and  a 
right  of  veto  on  such  as  he  may  deem  unsuitable. 

(5)  Examiners  should  remain  in  office  for  several  years,  so  as  to 
observe  progress  and  become  intimate  with  the  teachers. 

Such  reforms  would,  I  believe,  do  much  to  free  the  teadier's  hands. 
He  would  be  encouraged  to  try  new  methods,  and  would  be  able  to  give 
practical  effect  to  what  is  at  present  too  often  a  mere  theory,  that  a 
schoolmaster's  real  work  should  be  directed,  not  to  immediate  and  often 
superficial  results,  but  to  building  up  the  character  and  training  the 
intellect  for  life. 

S  33.  The  effect  on  school  curricula  nil  because  it  does  not  seem  to  be 
the  business  of  examiners  to  criticise  the  curriculum  or  the  time-table. 

S  1 1 .  Examinations  should  conform  to  the  teaching. 

S  32.  At  present  examination  rules  education.  The  learner  is 
spoon-fed,  and  everything  is  made  easy  for  him  in  order  to  get  marks. 

S  10.  Examining  bodies  now  more  ready  to  take  advice  than  they 
were. 

S  19.  In  general  the  existence  of  and  regard  for  outside  examinations 
is  useful  to  the  schools  as  promoting  a  breadth  and  balance  of  the  curri- 
cula. But  the  severity  of  examining  bodies,  &c,,  complicates  and  embar- 
rasses school  organisation. 

S  9.  On  the  whole,  examinations,  such  as  those  of  the  Joint  Board, 
are  arranged  on  reasonable  lines  as  far  as  curricula  go.  Perhaps  required 
as  a  stimulus  to  the  British  boy.  Regrets  the  tendency  to  conduct  all 
examinations  in  writing,  thus  making  exact  but  not  ready  men. 

S  22.  On  the  whc^e  the  examinations  set  by  the  Universities  do  tend 
to  direct  the  teaching  along  reasonable  lines.  A  notable  exception  is 
afforded  in  the  fact  that  they  do  not  test  a  practical  knowledge  of  modem 
languages.  Again,  the  retention  of  Greek  as  a  necessary  subject  in  the 
entrance  examinations  to  Oxford  and  Cambridge  is  an  anachronism.  I 
am  entirely  in  favour  of  the  Bishop  of  Hereford's  proposal. 

S  18.  Approves  of  the  Higher  Certificate  examination,  and  would 
rather  see  Matriculation  examinations  on  the  same  Mnes.  The  Yiotoria 
and  London  examinations  are  presumably  for  boys  of  sixteen  ;  really  they 
are  for  boys  of  seventeen  or  eighteen.  Matriculation  examinati<ms  should 
be  general,  not  specialised,  but  with  groups  of  subjects  ;  ncn:  should  undue 
prominence  be  given  to  special  subjects.  The  Oxford  and  Cambridge 
Locals  Preliminary  is  useless.  .     _  ^  ^  i  ^ 
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S  5.  Hie  Certificate  exAininatioDB  of  Oidard  and  Cambticbe  tend  to 
direct  the  teaching  of  most  subjects  along  reasonable  lines  and  interfere 
little  with  the  liberty  of  action  of  schools.  Army  examinations  with 
their  cast-iron  system  of  marking  deserve  the  criticism  they  have  lately 
received. 

S  2.  Examinations  such  as  those  of  the  Joint  Board  and  the  Locals 
on  the  whole  seem  to  direct  the  teaching  along  reasonable  lines  ;  neverthe- 
less they  tend  to  check  independence  of  action  and  of  thought  (d)  in  setting 
special  books  on  periods,  (6)  in  the  mode  of  examining  in  modern  languages. 
Some  oral  test  is  needed* 

S  4.  Everything  depends  on  the  character  of  the  examiner. 

S  13.  Curricula  shcmld  not  be  controlled  by  examinations  but  difiectlyi 
and  the  examinations  (more  limited  than  at  present  and  at  early  ages) 
arranged  to  fit  the  curricula. 

S  15.  Some  interference  is  probably  inevitAble.  On  the  whole  it  has 
diminished  in  evil  efiect  very  much  within  my  recollection,  chiefly  because 
better  papers  (on  the  average)  are  now  set.  The  worst  effiects  are  not,  I 
think,  direct,  but  are  transmitted  through  the  text-books.  A  bad  exami^ 
nation  always  produces  a  crop  of  these  in  a  few  years,  and  many  of  them 
are  indescribably  stupid  and  disheartening.  An  Index  Expurgatorius  of 
such  books  might  be  of  use  to  those  engaged  in  reforming  examinations. 
The  otrject  should  be  to  make  the  examination  of  such  a  character  that 
these  books  would  not  enable  a  candidate  to  '  score/ 

S  34.  Thinks  that  only  the  highest  forms  of  a  school  should  be  sub- 
ject to  outside  tests. 

S  12.  Examinations  have  of  late  years  become  much  more  elastic. 
Those  who  frame  the  various  programmes  show  a  desire  to  encourage  a 
liberal  school  curriculum. 

S  1.  Ever  since  the  first  examinations  for  the  I.C.S.  came  into 
full  play  the  whole  question  has  weighed  on  me  like  a  nightmare. 
I  bdieve  that  examinations  as  they  are — with  some  rare  exertions — are 
giving  a  totally  wrong  trend  to  education.  They  are  subsidising  the 
receptive  and  diisoouragin^  the  training  of  the  instructive  powers  of  the 
mind  ;  they  are  encouraguig  a  sort  of  cut-and-dried  mode  of  teaching  and 
learning  which  would  hav«  driven  Arnold  wild  ;  indeed,  under  such 
auspices  an  Arnold  could  not  arise,  and  (especially  the  Army  examina- 
tions) they  are  imbuing  most  of  their  victims  with  a  lively  detestation  of 
study.  I  believe  that  the  dislike  to  the  study  of  their  profession,  so 
marked  iu  Army  dflSboers,  is  the  natural  fruit  of  their  cramming  to  get 
into  Sandhurst.  Education  cannot  exist  on  an  Army  side,  and  cram- 
ming disgusts  its  victims.  The  true  remedy  seems  to  me  to  be  to  reform 
and  not  to  abolish  examinations.  What  should  be  encouraged  by  them 
is  not  crammed  knowledge  but  mastery  of  a  subject  and  intelligence. 

The  particular  subjects  of  education  appear  to  me  to  be  of  very 
secondary  importance  so  long  as  the  cultivation  of  the  constructive  and 
original  rather  than  of  the  receptive  faculties  of  the  mind  is  the  object 
aimed  at. 

S  3.  EziBting  Mcaminations  have  a  most  «vil  efieot  on  school  curricula 
and  liberty  of  action  in  the  larger  schools,  which  are  run  by  men  who 
will  rejoice  in  raUier  than  abuse  such  liberty.  Here  we  are  blessed  with 
an  absolutely  free  hand,  and  teach  how  and  what  we  like  as  far  as 
science  is  concerned  ;  the  result  is  a  large  body  of  boys  who  are  hcmestly 
keen  on  working  at  science  (up  to  Uieir  lights,  which  are  dim)  in 
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a  school  wh^re  intellectual  effort  tends  to  be  rather  despised.  When 
necessary  these  boys  pass  examinations  all  right  afterwards,  such  as 
Trinity  Scholarship  examinations  and  triposes.  We  never  have  to 
'  produce  results,'  so  give  all  our  time  to  educating  the  boys. 

U  G.  Effect  on  the  whole  good— a  great  help  to  the  head  master  in 
resisting  pressure  put  upon  him  by  parents  and  amateurs. 

U  7.  While  recognising  the  evils  of  the  system  is  forced  to  recognise 
its  very  great  merits  as  a  most  useful  instrument  in  proper  hands. 

U  11.  The  Oxford  and  Cambridge  Board  examinations  have  had  a 
beneficial  effect  upon  school  curricula  :  they  have  (a)  made  teaching  and 
learning  more  methodical,  (b)  widened  the  scope  of  school  studies,  (c) 
brought  important  instruments  on  education  into  general  use. 

TJ  13.  However  reasonable  the  schedule  of  an  examination  may  be, 
the  preparation  of  candidates  for  it,  in  my  opinion,  checks  development 
of  individuality  in  both  teacher  and  pupil.  If  a  teacher  has  a  special 
interest  in  some  part  of  the  work,  and  by  his  interest  awakens  that  of 
his  pupils,  he  is  necessarily  pulled  up  by  the  feeling  that  his  students 
have  to  be  prepared  for  the  examination  and  the  points  in  which  both 
teacher  ana  pupils  are  interested  have  to  be  left. 

Far  too  much  energy  is  wasted  in  England  in  setting  and  looking 
over  examination  papers. 

XT  18.  The  tendency  has  been  steadily  for  improvement — they  do  now 
on  the  whole  offer  a  reasonable  scheme  of  work.  Boy  nature  being  what 
it  is,  a  great  step  is  taken  when  a  motive  has  been  suggested  for  indi- 
vidual and  unassisted  effort.  This  motive  has  been  supplied  by  examina- 
tions. It  is  not,  however,  a  good  thing  for  schools — when  it  can  be 
avoided — to  depend  for  support  on  the  results  of  a  particular  examina- 
tion. The  effect  is  almost  inevitably  that  teaching  is  narrowed  and 
everything  neglected  which  does  not  *  pay.'  Where  this  arrangement  \b 
rendered  necessary  by  circumstances  it  is  most  important  that  such 
examinations  should  be  as  wide,  liberal,  and  varied  as  possible,  and  that 
every  effort  should  be  made  to  secure  that  the  papers  set  should  offer  as 
little  scope  for  *  cramming '  as  possible  ;  and  as,  after  all,  the  skill  of  the 
crammer  is  pretty  sure  to  be  a  match  for  the  examiner,  such  examinations 
should  be,  at  any  rate  in  part,  viva  voce,  by  which  method  such  teaching 
is  most  readily  detected.  With  this  precaution  I  do  not  think  an 
examination  need  '  check  the  development  of  individuality  and  the  power 
of  independent  thought.' 

U  19.  If  sufficiently  broad  and  conducted  by  examiners  of  experience 
need  not  check  individuality,  6ic.  On  the  whole  advantageous  as  stimu- 
lating effort ;  often  a  means  of  enabling  the  schoolmaster  to  judge  whether 
his  work  is  in  line  with  that  of  other  schools. 

2.  The  effect  of  specific  examinations,  both  as  affecting  general  training 
and  as  encouraging  undue  specialisation,  either  on  the  humanistic  or  the 
scientific  side. 

Very  little  difference  of  opinion  exists  on  this  subject. 

S  26.  ScJwlarship  examinations  do  certainly  bring  irresistible  pressure 
to  bear  in  fa^'our  of  early  and  injudicious  specialisation.  So  far  as  scholar- 
ships go  the  classical  boy  does  well  to  discard  all  mathematics,  modeni 
languages,  or  science  ;  the  mathematician  to  renounce  classics  and  modem 
languages,  <fec.  For  this  I  see  no  remedy  short  of  a  complete  change  of 
system,  which  is  impracticable*     Examiners  approach  their  subject  as 
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specialists  and  judge  accordingly,  while  they  give  little  or  no  weight  to  a 
sound  background  of  training  in  other  subjects.  I  have  no  faith  in  first 
forcing  specialisation  by  scholarship  tests  and  then  attempting  to  redress 
the  balance  by  enforcing  supplemental  subjects  through  subsequent  re- 
quirements. This  will  but  aggravate  the  evil  and  produce  successive 
bouts  of  cram — *  Pull  baker  !  pull  devil !  * — according  to  the  emergency. 
It  is  better  to  leave  them  alone,  recognising  certain  concomitants  of 
mischief  as  inevitable.  The  synchronising  of  examinations  is  a  great 
abatement  of  previous  evils. 

S  5.  Entrance  scholarship  examinations  at  Oxford  and  Cambridge, 
especially  those  given  for  mathematics  and  science,  mischievously  affect 
'  general  training '  and  encourage  undue  specialisation.  The  coil  of  their 
system  propagates  itself  downwards  through  the  public  schools  into  the 
preparatory  schools. 

S  17.  The  professional  examinations  are  bad,  inasmuch  as  they  do  not 
take  the  school  training  into  account,  but  merely  knowledge  of  facts. 

S  19.  University  scholarship  examinations  tend  to  over-specialisation  ; 
hardly  any  encouragement  is  given  now  to  the  double  man  at  either 
Cambridge  or  Oxford.  The  high  range  of  knowledge  exacted  for  mathe- 
matical scholarships  and  the  inordinate  amount  of  experience  in  working 
problems  which  a  candidate  must  now  possess,  compels  a  specialisation  in 
mathematics  which  is  certainly  very  detrimental  to  general  development 
of  the  mind,  and  tends  to  atrophy  of  the  imaginative  faculties,  which 
require  literary  nourishment.  The  want  of  this  at  the  ages  of  sixteen 
to  nineteen  can  never  afterwards  be  made  up.  Over-specialisation  in 
classics  is  less  detrimental,  as  the  study  tends  to  widen  the  range  of  ideas 
rather  than  narrow  them. 

8  18.  London  County  Council  Exhibition  Scholarship  examinations 
force  specialisation  at  an  absurdly  early  age.  This  is  true  of  other 
County  Council  examinations. 

8  4.  It  is  the  offering  of  money  rewards  for  learning  certain  things 
which  is  so  pernicious. 

8  14.  Specialising  should  be  discouraged  in  every  way.  For  school 
examinations  a  school  might  be  invited  to  submit  its  curriculum  and 
method.  If  this  was  pronounced  sufficient  for  its  type,  it  might  be 
inspected  on  it  and  judged  by  it.  The  question  is,  what  are  the  results  ? 
Viva  voce  should  always  form  a  part,  a  Y.Y.  on  the  ground  covered. 

Too  little  time  is  allotted  to  the  literary  work  in  organised  science 
schools ;  too  little  for  the  mere  training  of  mind.  Mere  school  science, 
unbalanced  by  thorough  linguistic  training — training  in  thought,  not 
mere  grammar  detail — is  one-sided.  It  produces  in  second*  rate  minds 
too  exclusive  an  attention  to  mere  symbols.  Such  minds  find  all 
nuances  of  language  extraordinarily  difficult  to  master. 

If  a  boy  is  transferred  from  the  general  side,  rather  late,  to  the 
organised  science  side,  he  *  licks  the  heads '  of  the  ordinary  boys  in  a  little 
while  in  their  own  subjects. 

8  3.  There  is  much  to  be  said  for  specialisation  by  a  boy  at  the  end  of 
his  school  course.  It  is  a  fashion  to  decry  all  specialisation  as  *  undue ' ; 
but  a  boy  after  he  is  seventeen  gets  a  vast  deal  of  good  out  of  one  side  of 
his  work  thoroughly  dealt  with  which  he  would  not  get  if  he  carried  on 
the  one  or  two  hours  a  week  at  everything,  which  is  good  up.  to  then. 
Of  course  I  dislike  complete  dropping  of  all  other  subjects  while  he  crams 
for  a  school ;  but  I  think  he  would  do  better,  if  he  is  in  the  Y J 
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he  C9)eiit,  say,  three-quarters  of  his  time  really  getting  to  know  his  ooft 
branch  thoroughly. 

S  8.  Specific  Jtxaminalions, — (a)  The  higher  certificate  (Oxford  aad 
Cambridge  Board)  encourages  undue  special^ticm  in  a  less  degree  thaa 
the  University  Scholarship  examinations.  For  the  latter  a  boy  dE  aFecage 
ability  must  specialise  in  one  subject — classics,  mathenatics,  or  sdeooe — 
at  the  age  of  sixteen  or  seventeen  at  the  latest ;  and  the  higher  certifi- 
cate examination  follows  the  sam^  lines,  allowing  a  boy  to  compete  in  kis 
special  subject  if  he  has  passed  in  the  larger  range  of  subjects  ;  (6)  favt 
the  worst  offenders  seem  to  be  the  Science  Scholarships  examinations, 
which  expect  candidates  to  have  covered  much  the  same  ground  as  the 
Final  Honours  examination  for  a  degree.  Thus  a  boy  has  to  aoq«ire 
some  knowledge — which  at  eighteen  cannot  be  thorough— of  a  large 
number  of  subjects,  instead  of  ensuring  sound  knowledge  of  a  limited 
range.  The  student  is  thereby  also  iaoliiied  to  be  stale  b^re  the  end  of 
his  time  at  the  university  ;  (c)  Army  examinations  require  an  all-round 
education ;  but  for  the  average  ouididate  too  much  is  required  for 
thoroughness. 

S  13.  The  great  defect  of  examinations  affecting  schools  is  the  widne 
multiplication  of  subjects  and  the  consequent  want  of  thOTOttghnesss  all 
round.  The  new  regulations  suggested  by  the  Committee  on  Military 
Education,  as  also  those  for  London  Matriculation^  seem  to  me  a  great 
improvement  in  this  respect. 

Much  will  be  gained  when  it  is  clearly  recognised  that  school  work 
must  be  general ;  ^at  curricula  of  some  three  or  four  types  are  suffiment ; 
that  specialisation  is  the  work  of  the  universities  or  ted^ioal  soholarshipe. 
This  does  not  mean  that  a  boy  of  high  ability  should  not  i^Mcialise  at  all 
at  school ;  he  may  rightly  do  so  in  broad  subjects — classics,  modem 
languages,  mathematics,  or  science — but  schools  ^lould  not  be  aaked  io 
give  specialised  or  technical  education  of  a  narrow  type. 

U  19.  In  school  examinations  examiners  should  not  ask  questions  of 
a  highly  special  nature  ;  it  is  difficult  to  avoid  doing  so  whcm,  as  aonm* 
times  happens,  schools  send  in  highly  specialised  syllabuses. 

U  7.  The  bases  of  knowledge  are  now  being  tampered  with,  whether 
rightly  or  wrongly ;  and  so  far  as  the  newer  humanistic  studtes  are 
concerned  it  would,  in  my  opinion,  be  d^lorable  were  students  allowed 
to  specialise,  say,  in  modem  languages  and  literatures  or  history  without 
being  subjected  to  scnne  qualifying  examination  in  Latin  or  Grsek.  There 
should  be  some  common  examinations  guaranteeing  general  edncatioii« 
one  exainination  with  special  reference  to  candidaies  preparing  for 
humanistic  study  and  another  for  those  preparing  for  scientific  studjr. 
Scientists  will  no  doubt  be  divided  on  the  question  of  making  Latin 
compulsory  :  they  should  be  united,  however,  in  demanding  from  all 
candidates  an  adequate  knowledge  of  English  and  some  reo^|;nitio&  of 
good  style  in  composition. 

XJ  21.  Does  not  consider  the  influence  of  University  EntnMMe 
Scholarships  to  be  good.  When  examiners  have  no  personal  knowledge 
of  the  candidates  or  of  their  previous  careers,  the  difficulty  of  oemparing 
their  abilities  and  their  power  of  benefiting  by  a  university  training  is 
very  great,  and  the  examination  is  too  likely  to  become  a  mere  test  ai 
acquirements.  Such  a  result  must  prejudicially  affect  the  previous  educa* 
ti<m  of  the  candidates,  particularly  in  tending  to  narrow  tneir  traiDing  to 
an  early  preparation  for  a  definite  and  speoalised  exawinatien*    Am  m 

Digitized  by  CjOOQIC 


ON  THE  INFLUENCE  OP  EXAMINATIONS.  443 

general  scheme  of  refonn  it  would  be  well  to  devote  more  of  the  college 
funds  available  for  these  purposes  to  scholarships  for  undergraduates  who 
have  already  begun  residence,  and  especially  to  post-graduate  fellowships 
and  studentships  for  research.  An  increajse  of  the  endowments  of 
secondary  schools  to  liable  them  to  award  more  leaving  scholarships 
tenable  at  a  university,  would  be  an  efficient  substitute  for  the  present 
system  of  <^n  entrance  scholarships  at  the  colleges  of  Oxford  and  Cam- 
bridge. Any  such  change  would,  however,  require  the  co-ordination  of 
the  whole  secondary  education  of  the  country. 

In  arranging  an  open  entrance  scholarship  examination  in  such  a 
subject  as  natural  science  the  chief  difficulty  is  to  provide  for  two 
distinct  classes  of  candidates :  (1)  boys,  often  under  eighteen  years  of 
age,  just  leaving  school ;  and  (2)  those,  usually  rather  older,  who  have 
spent  some  time  at  a  university  or  technical  college,  specialising  on  the 
work  in  which  they  are  to  be  examined.  In  order  to  help  the  school- 
master to  give  a  thorough  training  in  the  groundwork  and  main  principles 
of  science,  it  is  advisable  that  the  papers  set  in  the  scholarship  exami- 
nations should  largely  deal  with  these  parts  of  the  subjects ;  while,  to 
properly  test  the  merits  of  older  candidates  who  have  spent  some  time 
at  the  work,  more  advanced  questions  are  requisite.  A  satisfactory 
judgment  cannot  be  formed  on  the  results  of  the  examination  al<me, 
and  under  present  circumstances  it  is  necessary  to  make  allowance 
for  what  is  known  or  can  be  ascertained  of  the  antecedents  of  the 
candidates. 

U  10.  University  entrance  scholarships,  while  successful  in  so  far  as 
that  they  do  pick  out  the  able  students  in  each  subject,  are  at  present 
doing  great  harm  by  encouraging  early  and  excessive  specialisation  to  the 
detriment  of  the  student's  subsequent  career.  Thus,  for  their  knowledge 
of  chemistry  and  physics,  scholarships  are  awarded  to  boys  of  eighteen 
who  have  in  far  too  many  cases  a  very  inadequate  grounding  in  mathe- 
matics, are  ignorant  of  history  and  of  modem  languages,  possess  a 
smattering  of  Latin,  and  cram  up  subsequently  enough  Greek  to  carry 
them  through  the  '  Little  Go '  or  its  equivalent.  Equally  bad  is  the  case 
q!  the  winner  of  a  clasncal  scholarship  who,  beyond  his  knowledge  of 
Greek  and  Latin,  has  a  slender  acquaintance  with  Euclid,  algebra,  arith- 
metic, and  French. 

Waae  still  is  the  condition  of  the  mathematician  who  as  regards 
general  education  is  more  poorly  equipped  than  the  rest. 

The  beet  of  these  men  often  repair  their  deficiencies  later  by  their 
own  efibrts ;  the  second  best  remain  losers. 

This  evil  might  be  met  by  insisting  that  all  scholiuvhip  candidates 
should  pass  a  suitable  matriculation  examination  before  they  were 
allowed  to  compete  for  seholarships  in  special  subjects.  Most  matricu- 
lation examinations  would,  however,  require  to  be  considerably  improved 
and  widened  in  their  scope  before  they  could  be  used  for  this  purpose. 

U  11.  Whilst  the  Oxford  imd  Cambridge  examination  of  schools  seems 
to  me  to  have  done  unmixed  good,  I  hoM  that  op&a  examinations  for 
college  scholarships  have  done,  are  doing,  and  will  continue  to  do  much 
harm  by  encouraging  schoolboys  to  specisJise  early  in  some  one  branch, 
whether  of  literature  or  of  science.  The  schoolmaster  is  compelled  (a)  by 
the  natural  desire  to  advertise  his  school,  (h)  by  the  absolute  necessity  of 
meeting  the  reasonable  wishes  of  parents,  to  prepare  his  boys  for  open 
coUege  scholandiips,  obtainable  only  by  candiaates  under  nineteen  years 

Digitized  by  CjOOQIC 


444  ftEPoar— 190d. 

of  age,  and  therefore  to  allow  them  to  specialise  as  soon  as  they  show  any 
special  aptitude.  This  seems  to  me  a  misfortune.  To  prevent  it  I  would 
provide  that  colleges  shall  not  award  scholarships  before  entrance  to 
candidates  who  are  not  in  need  of  pecuniary  assistance  to  enable  than  to 
begin  residence  at  the  university.  I  think  that  if  every  candidate  had 
to  make  a  simple  declaration  of  such  need  the  knowledge  that  the  com- 
petition was  a  limited  one  would  destroy  the  unwholesome  interest  which 
it  now  excites,  and  that  the  schoolmasters  would  no  longer  have  any 
inducement  to  prefer  premature  successes  to  sound  education. 

It  is  to  be  noted  that  legislation  in  respect  of  open  scholarships  wovdd 
be  useless  unless  it  applied  equally  to  all  the  colleges  both  at  Oxford  and 
at  Cambridge.  The  Cambridge  colleges  opened  scholarships  to  schooK 
boys,  not  because  they  thought  the  practice  a  good  one,  but  because,  in 
face  of  the  Oxford  competitions,  they  found  themselves  obliged  to  follow 
suit ;  and  I  believe  that  in  this  matter  public  opinion  at  Cambridge  has 
never  wavered. 

The  l^;islation  which  I  recommend  would  make  little  pecuniary  differ- 
ence to  the  successful  candidates.  In  general  the  candidate  who  now  as 
a  schoolboy  wins  a  scholarship  at  Trinity  nine  months  before  he  goes 
into  residence,  and  begins  to  draw  the  emolument  when  he  goes  into  reed- 
dence,  would,  under  my  regulation,  obtain  his  scholarship  and  begin  to 
draw  the  proceeds  as  an  undergraduate  six  months  after  he  began  his 
residence  ;  and  if  in  need,  though  not  otherwise,  he  would  have  a  tem- 
porary emolument  to  help  him  during  the  six  months. 

U  11.  Open  examinations  for  college  scholarships  have  done,  are 
doing,  and  will  continue  to  do  much  harm  by  encouraging  schoolboys  to 
specialise  early  in  some  one  branch,  whether  of  literature  or  of  science. 
Amongst  grown  men  specialisation  is  a  necessity  of  the  age,  and  conse- 
quently colleges,  in  choosing  their  scholars,  must  needs  iske  account  of 
special  aptitudes.  Now  college  scholarships  awarded  on  tliis  principle  to 
undergraduates  who  have  already  begun  residence  do  not  materially 
affect  the  teaching  in  schools;  but  collie  scholarships  awarded  for  special 
proficiency  to  schoolboys  affect  school  teaching  very  seriously,  inasmuch 
as  the  schoolmaster,  however  little  he  may  approve  early  specialisation, 
cannot  afford  to  disregard  these  important  prizes. 

U  17.  Set  books  should  be  abolished  in  the  Cambridge  previous 
examination.  Some  elementary  scientific  subject  should  be  introduced 
and  some  knowledge  of  a  modem  language  should  be  insisted  on. 

U  9.  My  own  experience  makes  me  strongly  opposed  to  early  special- 
isation. In  scholarship  examinations  performance  in  a  special  subject 
should  be  estimated  only  in  connection  with  proficiency  in  ordinary 
school  work.  It  is  very  easy  to  devise  a  scale  of  marking  according  to 
which  general  knowledge  and  evidences  of  culture  are  appraised  in 
connection  with  skill  in  a  special  subject ;  e.^.,  Jcmes :  chemistry  50, 
general  culture  25  «=  75  ;  Brown  :  chemistry  60,  general  culture  10  =  70. 

U  1.  I  should  be  sorry  if  specialisation  ceased  in  schools  ;  but  much 
more  ought  to  be  made  of  a  candidate's  special  subject  as  an  instrument 
of  general  training.  It  ought  to  be  used  as  a  means  of  interesting  the 
candidate  in  kindred  subjects — a  sort  of  avenue  to  knowledge  in  general. 

3.  The  need  of  unifying  examinations  with  the  object  in  view,  among 
others,  that  certain  examinations  may  serve  a  common  purpose,  e.g.  as 
qualifying  examinations  for  entrance  upon  a  course  of  professional  study. 

On  this  question  opinion  is  practically  unanimous.      CjOOQIC 
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S  26.  For  Prdiminary  and  Entrance  UUa  the  crying  need  la  unity 
and  simplification.  Here  reform  is  not  difficult  t/'the  co-operation  of  the 
difierent  bodies  concerned  can  be  secured.  There  lies  the  problem.  I 
believe  a  test  examination  might  be  devised  fitted  to  supersede  or  replace 
the  molti&urious  preliminary  examinations  (academic  or  professional)  that 
now  exist.  It  should  be  treated  as  a  school-testing  examination.  Its 
aim  and  methods  should  be  strictly  pass,  not  competitive,  certifying  the 
attainment  of  such  and  such  general  standard  of  knowledge  in  such  and 
such  subjecta  The  range  of  subjects  should  be  as  wide  as  that  of  school 
curricula  ;  all  forms  of  option  or  grouping  should  be  allowed.  There 
should  be  no  attempt  to  award  honours  or  places,  but  merely  to  guarantee 
firsts  second,  or  third  class  proficiency  in  the  subject  offered.  There  need 
be  no  inquiry  into  the  age  of  candidates  unless  a  junior  standard  for 
candidates  under  sixteen  were  organised,  and  for  this  there  is  much  to  be 
•aid.  [In  this  case  two  classes  would  be  ample  for  either  higher  or  lower 
test.]  JSach  institution  or  profession  would  formulate  its  own  conditions 
of  age,  standard,  selection  and  grouping  of  subjects,  and  so  forth.  Hiis 
would  give  freedom,  latitude,  and  recognition  to  all  forms  of  curricula  and 
set  up  something  like  a  recognised  and  common  standard  intelligible  to 
all  conversant  with  education.  It  would  be  imperative  to  exclude  all  set 
books,  or  it  would  at  once  fetter  curricula  and  encourage  cram.  The  use 
of  dictionaries  should  be  allowed,  though  the  class  award  might  to  some 
extent  depend  upon  this.  Their  disallowance  is  absurd,  and  ignores  all 
the  ordinary  and  necessary  conditions  of  daily  training  in  languages, 
especially  classical.  The  substitution  of  set  books  for  use  of  dictionaries 
is  mere  hiding  the  head  in  the  sand,  and  brings  with  it  a  whole  train  of 
mischiefs  and  dangers.  Times  of  examination  should  be  harmonised  with 
the  needs  and  usages  of  secondary  schools,  and  the  examination  be  held 
as  far  as  possible  at  all  schools  presenting  candidates. 

The  cardinal  difficulty  is  to  secure  the  adhesion  and  co-operation  of 
universities,  colleges,  and  other  educational  boards.  Conference  might 
render  this  possible,  and  the  Board  of  Education  might  supply  a  nucleus 
round  which  such  bodies  might  unite  without  surrender  of  corporate 
dignity  or  independence. 

Apart  from  this  examination,  open  at  any  time  during  the  school 
course,  schools  should,  so  far  as  possible,  have  examinations  individual  to 
themselves  moulded  upon  the  lines  of  their  own  teaching ;  expense  would 
be  diminished,  and  co-ordination  of  examination  with  t^ching  be  secured 
by  the  co-operation  suggested  in  §§  5,  6.  The  examiner's  report  would 
be  that  of  a  general  inspector,  for  guidance  of  the  governing  body  and 
responsible  directors  of  the  school ;  while  the  general  test  examination 
would  furnish  the  public  certificates  of  general  efficiency  now  supplied  by 
senior  and  junior  local  examinations  and  the  like. 

S  16.  This  is  the  most  urgent  question  in  connection  with  secondary 
education  at  the  present  time.  There  ought  to  be  a  single  qualifying 
examination  for  boys  leaving  school  between  sixteen  and  seventeen,  and 
another  for  boys  leaving  between  eighteen  and  nineteen  for  universities. 
Examinations  such  as  the  University  Locals  preliminary  unnecessary  from 
any  point  of  view. 

S  6.  This  can  and  should  be  done. 

S  25.  Recommends  one  examination  held  jointly  by  all  the  bodies 
conceniecl. 

g  33.  The  effiMt  of  unifying  examinations  would  be  most  adv[^tageoui.> 
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S  11.  One  common  prelknmary  examination  for  all  professioQi 
required.     A  leaving  examination  would  be  a  great  boon. 

S  10.  The  need  for  this  is  very  great. 

S  19.  A  common  gateway  woi:&  be  a  great  boon.  Much  derange* 
ment  of  school  work  would  be  obviated  if  the  examination  could  be  talran 
at  the  schools  at  the  end  of  the  school  term. 

S  9.  The  variety  of  qualifying  examinations  is  a  crying  evil. 

8  22.  I  fully  recognise  this  need. 

B  18.  Approves  of  a  leaving  examination  at  sixteen  in  general  sub* 
jects.     A  boy  should  not  be  disqualified  for  failure  in  one  subject. 

S  7*  Unification  not  so  necessary  as  elasticity.  The  late  isolated 
regulations  for  the  London  Matriculation  were  an  intolerable  strain  an  a 
Vlth  form  when  the  majority  were  working  for  the  Joint  Board  exami- 
nation* 

S  17.  The  need  is  paramount,  especially  for  the  smaller  schools. 

S  2.  Great  need  of  unifying.  The  unification  should  be  as  comprt- 
hensive  as  possible. 

S  4.  Much  might  be  done  advantageously  to  diminish  the  number  ol 
examinations  if  all  universities  recognised  one  another. 

S  14.  All  entrance,  professional,  and  university  examinations  should 
be  unified,  the  standard  settled^  the  hasea  settled,  no  fixed  books,  and  everif 
examination  paper  should  contain  a  large  number  of  questions  with  a 
choice  to  be  restricted  to  a  certain  proposition.  On  such  unified  papers 
the  certificates  might  be  granted. 

The  harm  done  by  so  many  varying  examinations  is  very  great.  There 
is  great  waste  of  time  and  power  caused  by  a  variety  of  set  subjects  and 
authors  in  languages.  We  want  two  certificates  based  on  as  wide  a 
freedom  of  teaching  as  possible — one  for  boys  sixteen  to  seventeen,  one  for 
boys  eighteen  to  nineteen. 

S  8.  This  is  all-important.  A  resolution  to  this  effect  was  carried  at 
a  recent  Conference  of  Secondary  Schools  in  Kent,  and  it  was  sent  to  the 
Board  of  Education  and  members  of  Parliament. 

S  30.  My  remedy  for  the  examination  evil  depends  upon  the  following 
principle,  that  examination  is  to  accompany  and  to  be  subordinate  to 
inspection.  For  instance,  the  examiner  is  also  an  inspector  who  visits  the 
school,  studies  the  methods  of  work,  notebooks,  and  exercises,  and  sets 
papers  in  consultation  with  the  teaching  staff :  these  are  looked  over  as 
may  be  directed  by  the  examiner,  his  assistants,  and  the  staff.  Certificates 
are  given  according  to  the  standard  attained. 

Groups  of  schools  in  the  same  locality  might  be  examined  together, 
conferences  of  teachers  being  held,  under  the  inspector,  for  the  setting  of 
papers. 

Every  boy  under  sixteen  must  be  examined  down  to  the  most  hopeless 
of  duffers.     Set  books  would  of  course  be  absolutely  abolished. 

Professional  bodies  would  state  what  standard  they  would  require  for 
entrance  into  any  profession,  and  would  undertake  to  hold  no  private 
examinations. 

No  boys  under  a  certain  age  would  be  allowed  to  be  presented  for 
examination,  and  it  would  be  easy  to  make  arrangements  to  prevent  the 
repeated  entering  of  the  same  boys. 

lliis  examination  would  entirely  replace  all  the  examinations  in  general 
subjects  ;  examinations  of  a  higher  standard  would  be  in  speciid  subjects, 
and  would  be  limited  to  older  boys. 
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S  13.  All  the  apeoial  preliminAiy  examinatioiis  of  professional  bodies 
should  be  abolished.  Broadly,  two  typea  of  leaving  certificates  are 
Wanted — (1)  for  boys  of  eighteen  to  nineteen,  (2)  for  boys  sixteen  to 
seventeen. 

U  2.  Very  advisable  and  qnite  possible. 

U  7.  University  entrance  examinations  should  be  planned  on  the 
same  lines  at  one  and  all  the  universities. 

U  8.  The  proposal  sounds  well,  but  all  will  depend  on  who  does  it. 

U  11.  I  have  long  wished  for  some  sort  of  unification;  that  there 
should  be  in  kindred  examinations  (a)  a  general  agreement  in  regard  to 
the  schedules  of  the  several  sections ;  (6)  a  complete  agreement  in  regard 
to  movable  subjects,  so  that,  for  example,  set  books  in  French  and  German 
should  be  the  same  for  all  kindred  examinations  for  the  year. 

U  28.  Surely  something  might  be  done  towards  having  a  standard 
leaving  examination,  properly  graduated,  in  all  schools.  The  number  of 
examinations,  often  with  many  different  subjects  and  with  fixed  books 
set,  are  a  great  nuisanoe  and  interfere  with  teaching  sadly. 

U  17.  Strongly  in  favour  of  <me  single  examination  such  as  exists  in 
Germany  or  such  as  the  Scoteh  leaving  certificate,  which  would  prove  a 
qualifying  examination  for  entrance  to  all  professions,  including,  if 
poosibie,  the  Army  and  the  Navy. 

4.  The  need  of  preventing  examinations  from  becoming  stereotyped 
and  behind  the  times,  and  thus  discouraging  the  development  of  new  or 
improved  methods.  How  far  does  an  interchange  of  opinion  between  the 
teaching  profession  and  examining  bodies  already  take  place,  and  to  what 
extent  might  it  be  extended  t 

It  is  generally  felt  that  it  is  desirable  that  examiners  should  confer 
witii  teachers  in  some  organised  way, 

S  16.  No  real  danger  of  this. 

S  33.  The  need  is  great.  The  personal  qualifications  of  those  engaged 
in  examining  are  too  little  regarded.  Little  or  no  interchange  of  opinion 
between  teachers  and  examiners. 

S  IL  Exchange <^  (pinion  would  be  valuable  if  schools  were  examined 
by  those  who  are  or  have  been  teaching  in  schools,  not  by  young  graduates 
who  have  never  taught. 

8  10.  The  I.A.H.M.  has  had  several  conferences  with  examining 
bodies  with  good  results. 

S  19.  Certainly  the  two  parties  should  be  more  in  touch.  There  is 
no  organised  or  formal  inter-communication. 

S  9.  There  is  an  improvement  in  these  matters  quite  recently.  But 
schools  suffer  from  the  fact  thafc  those  who  organise  papers,  and  set 
them  and  examine  them,  are  too  often  totally  ignorant  of  the  creature 
examined — the  average  schoolboy — and  proceed  on  lines  dictated  by  their 
experience  of  young  men  or  clever  boys.  The  Oxford  Local  Delegates 
committed  a  flagrant  instance  of  this  last  year,  but  during  the  last  six 
months  schoolmasters  have  actually  been  consulted — for  the  first  time 
during  ten  years.  Hitherto  their  method  had  been  to  listen  to  criticism 
after,  but  not  to  consult  before. 

8  2.  Interchange  of  opinion  very  valuable.  Authorities  are  probably 
afraid  to  do  anything  which  would  tend  to  diminish  the  popularity  of 
their  examination  or  to  raise  the  standard  unduly  ;  and  the  standard  is 
in  some  respects  too  low. 
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Foesibly  a  review  of  exUting  systems  of  examin&tion,  say  onoe  in  five 
years,  by  a  coaference  of  representatives  of  examining  bodies  and  teachers 
would  prevent  the  evils  suggested  and  encourage  the  development  of 
improved  methods. 

S  4.  One  must  be  dependent  on  the  character  of  the  examiner.  He 
should  certainly  be  adequately  criticised,  and  both  the  teacher  and  the 
examiner  might  profit  much  by  an  interchange  of  views. 

S  12,  Have  found  the  secretary  of  the  Cambridge  Local  Syndicate 
ever  ready  to  listen,  to  discuss,  and  even  adopt  suggestions. 

S  14.  I  think  conferences  between  teachers  and  examiners  would  be 
most  useful.    We  want  frequent  conference. 

S  8.  The  Army  examination  in  chemistry  has  been  stereotyped  for 
twenty  years.  The  questions  in  practical  work  are  confined  to  analysis  of 
simple  salts.  This  year  there  is  a  sign  of  change,  due,  periiaps,  to  repre- 
sentations made  by  the  Conference  of  Public  School  Science  Masters. 

Interchange  of  opinion  is  much  to  be  desired. 

S  15.  Teachers  are,  I  think,  rather  shy  of  making  complaints  or 
suggestions  lest  their  motives  should  be  misconstrued.  Some  examining 
bodies  are  haughty. 

U  19.  An  interchange  of  opinion  is  always  desirable.  Every  attempt 
is  made  by  some  examining  bodies  to  keep  the  examinations  up  to  date. 

U  2.  Distinctly  necessary ;  the  arrangements  for  interchange  of 
opinion  ought  to  be  extended. 

U  7.  There  should  be  annual  conferences  between  the  teaching 
profession  and  examining  bodies,  and  the  papers  set  at  the  variouB 
examinations  should  be  subjected  to  frank  criticism. 

U  8.  Sees  the  need  all  too  clearly.  It  might  often  be  very  useful  to 
hear  what  the  retU  teacliera  have  to  say. 

U  12.  Examinations  tend  to  become  stereotyped,  because  examining 
bodies  frequently  find  themselves  unable  to  pay  on  a  sufficiently  large 
scale  to  attract  really  competent  examiners. 

U  18.  It  is  a  truism  to  say  that  examinations  should  not  be  *  stereo* 
typed'  or  < behind  the  times.'  The  remedy  is  to  employ  competent 
examiners,  directed  by  a  competent  board,  open  to  all  representationa 
from  practical  teachers. 

The  difiiculty  of  organising  inter-communication  between  boards  and 
the  teaching  profession  is,  I  imagine,  that  the  latter  is  not  organised. 
There  is  no  properly  qualified  spokesman  of  the  teaching  profession  ;  and 
the  difficulty  of  aiming  at  definite  results  of  big  value  has  been  rather 
strongly  exemplified  by  the  history  of  the  Head  Masters'  Conference. 

U  17.  I  think  schedules  and  syllabuses  of  examinations  might  be 
changed  more  frequently  than  they  are  with  advantage.  In  meet 
(Jniversity  Scientific  examinations  the  examiner  and  the  teaching  staff  are 
freely  in  communication  with  each  other,  and  I  should  like  to  see  this 
exchange  of  opinion  extended  to  school  examinations,  and  especially  to 
entrance  scholarship  examinations. 

U  1.  More  care  should  be  taken  in  the  selection  of  public  examiners, 
and  bad  examiners  should  not  be  reappdnted.  This  is  a  truism,  but  it  la 
constantly  ignored  in  practice. 

U  14.  It  would  be  a  great  gain  if  examiners  could  have  more  criticism 
of  their  papers  at  the  hwds  of  schoolmasters.  In  the  great  majority  of 
cases  they  have  nothing  to  guide  them  as  to  the  suitability  of  their  pi^pers 
but  the  way  in  which  they  have  been  answered.   This  wiU  show  if  a  paper 
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has  been  too  hard,  too  long,  or,  on  the  other  hand,  too  easy,  to  fairly  test 
the  better  candidates  ;  but  it  does  not  show  whether  a  paper  has  feurly 
oovered  the  range  of  work  done  by  the  candidates. 

U  3.  I  feel  very  strongly  on  this.  We  are  likely  to  get  the  '  pro- 
fessional  examiner,'  as  we  have  the  professional  witness  ;  and  he  will  be 
the  more  mischievous  in  that  his  influence  will  be  the  more  universally 
diffused. 

5.  The  possibility  of  arranging  outside  examinations  so  as  to  test 
what  has  really  been  taught  in  the  School,  leaving  the  teachers  a  freer 
hand  than  in  the  past  and  arranging  for  their  co-operation  on  the 
Examining  Board,  in  the  setting  of  the  questions,  and  in  considering  the 
answers. 

There  appears  to  be  a  strange  disinclination  to  insist  that  the  teacher 
should  be  trusted. 

8  6.  Would  rejoice  if  this  were  carried  out. 

8  16.  Unfortunate  to  weaken  external  examinations  in  eiUier  of  the 
ways  indicated  in  this  or  §  6  ;  but  3  must  be  settled  before  this  is  dealt 
with. 

8  11.  Advocates  svstem  corresponding  to  that  at  the  universities, 
where  the  internal  and  external  examiner  co-operate. 

8  19.  There  appears  no  reason  why  a  supreme  Examining  Board 
might  not  develop  the  scheme  of  the  Oxford  and  Cambridge  Conjoint 
Board  for  thus  testing  schools  in  such  work  as  the  schools  m^ht  wish  to 
submit  Teachers  might  furnish  syllabus,  text-books,  note>books  (pupils' 
or  teachers'),  and  specimen  internal  examination  papers  to  suggest  and 
guide  drafting  of  questions  by  external  authoritv. 

8  22.  If  the  public  examintions  are  on  the  right  lines  Uiere  would  be 
no  need  for  this  plan,  which  would  be  attended  with  almost  insuperable 
objections. 

8  9.  Something  might  be  done. 

8  5.  We  have  nothing  corresponding  to  the  excellence  of  system 
prevalent  in  some  Continental  countries  by  which,  for  individual  exami- 
nations, members  of  the  teaching  staff  are  associated  with  the  external 
examiners. 

8  17.  Quite  possible  with  care. 

8  2.  li^^e  I  should  be  in  favour  of  leaving  the  teachers  as  free  a 
hand  as  possible  in  the  achievement  of  their  results,  and  would  give 
them  full  right  to  criticise  the  examination  papers  set,  with  a  view  to 
improving  the  future  character  of  the  examination,  I  would  allow  no 
hand  to  the  teacher  of  any  subject  in  setting  a  paper  in  that  gubjeet. 
Ocmsciously  or  unconsciously,  his  foreknowledge  of  th^  coming  examina* 
tion  would  influence  his  teaching,  the  standard  of  knowledge  be  lowered, 
and  the  examination  become  no  real  test. 

8  4.  Might  be  done  with  advantage  ;  but  it  could  not  be  done  with  an 
expectation  that  there  would  be  no  un^dmess. 

8  13.  Seems  impossible  so  long  as  the  ideal  is  an  examination  uniform 
all  over  the  country.  It  seems  to  me  that  this  is,  therefore^  a  wrong 
ideal,  and  that  where  possible  a  real  local  examining  board  should  be 
formed  bv  the  local  University  representatives  of  local  schools.  In  this 
case  (&)  we  collaboration  of  schoounasters  might  become  possible  and  is 
deairiiUe ;  the  idea  that  this  would  lead  to  unfairness  should  be  dis- 
coontenanced  • 
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U  19.  Boeit  not  favour  Hiia. 

U  8.  A  clvnoBy  attempt  to  do  what  was  formerly  done  by  getting  a 
good  honest  examiner  to  go  down  to  a  school,  making  him  ^not  a  boacd) 
rMponsible,  and  letting  him  report  unbowdleriMd. 

T7  13.  Tlve  real  Mray  to  prevent  the  «Vil  mentioned  in  4  ift  to  be  fouMl 
in  some  such  method  as  is  indicated  in  5  and  6,  in  that  tiie  examiiuitiMi 
should  be  suited  to  the  teaching,  and  that  the  teachers  should  thus  kave 
a  freer  hand. 

y  10,  It  is  very  desirable  for  teachers  to  be  represented  on  examining 
bodies  and  to  have  c^iportunities  of  seeing  the  work  sent  in  by  their 
pupils.  Much  conscientious  labour  on  the  part  of  examiners  is  at  present 
almost  thrown  away  for  lack  of  suitable  opportunities  of  discussing  weak 
points  with  teachers  and  taught.  The  formal  report  helps  but  little  in 
this. 

6.  The  possibility  of  arranging  so  that  examinations  conducted  on  the 
baais  of  papers  set  so  as  to  suit  individual  schools  with  the  answers 
marked  in  the  first  instance  by  the  Teachers,  subsequently  criticised  and 
standardised  by  outside  authority,  shall  serve,  when  passed  above 
a  certain  standard  in  a  given  range  of  subjects,  as  equivalent  to  the 
Entrance  Examination  for  a  University  or  for  a  Profession. 

5  6.  Would  rejoice  if  this  were  carried  out. 

6  S3.  Thisoretically  admimbib,  but  hopeless  in  view  of  the  nvnber  of 
bodies  to  be  catered  for  and  their  different  standards.  Danger  tiiai 
standard  would  be  lowered  to  the  bottom  level. 

S  18,  If  it  were  not  for  the  multi^city  of  examinatioBs  sebftoii 
would  run  in  parallel  groups,  and  it  ought  to  be  easy  to  standardM 
papers. 

S  9.  Such  an  arrangement  both  feasible  and  denraUe. 

U  19.  The  Cambridge  Higher  Certificate  is  accepted  by  a  varMj  o( 
bodies. 

U  2.  The  suggestion  should  be  carefully  considered. 

7.  The  extent  to  which  certain  subjects  are  to  be  regarded  as  neces- 
sary and  others  as  optional.  In  particular,  how  far  do  University  entrance 
examinations  tend  to  promote  a  good  all-round  education  ? 

There  s^ffms  to  be  but  one  opinion  with  regaid  to  tke  entrance 
examitiations  at  Oxford  iind  Oambrldgew 

S  11.  There  should  not  be  a  very  wide  choice  of  optional  subjecta 

U  15.  Separate  examinations  at  universities  do  harm,  inaMwnii  mm 
they  t&ad  to  encourage  undue  speciaHsation.  Suggests  that  separate 
examinations  should  be  part  of  the  university  entrance  examiuation,  and 
tftat  a  general  knowled^  on  the  humaniatio  as  well  as  on  the  eoientkio 
side  should  be  demanded. 

S  19.  Does  not  think  a  number  of  options  necessary  or  desirable. 

S  18.  Thinks  that  no  examinations  pfomete  an  all-mund 
^xc&^  the  Oxford  and  Cambridge  Joint  Board  exuHiiviations. 

S  6.  Thoroughlv  agrees  with  tiie  geneiwl  principles  advocated  in  tke 
Bteb^  el  Here^lra^i  Glasgow  paper,  and  in  particular  wo«M  widh  to  ae^ 
Qr^k  ho  kmger  a  compiDsory  Aubjeot  for  eutranoe  exaaiinatisiiis. 

S  17.  Ought  net  tl^e  University  entrance  examin«tion  to  be«  test  as 
ia  #lfMh^  a  etudent  it  it  to  take  a  particular  university  eonrte  wMi 
advantage  f    General  culture  is  most  desirable,  but  you  canlMt  iwt»  it  ^ 
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and  we  should  not  shut  out  a  student  desiring  special  knowledge  and  fit 
to  advance  on  that  special  study  because  be  has  not  got  general  culture. 

S  2.  Oxford  and  Cambridge  entrance  examinations  exercise  little 
influence  on  education  as  a  whole.  The  London  Matriculation  has  lent 
itself  to  cram. 

S  4.  A  most  depressing  circumstance  that  the  Oxford  Local  exami- 
nations make  arithmetic  optional;  our  absurd  system  of  spelling  com- 
pulsory. The  London  Matriculation  unsatis&ctory ;  ought  to  have  a 
wider  basis. 

S  30.  As  to  sub}eots  necessary  or  optional.  This  is  where  the  greatest 
mistakes  have  been  made  in  the  past :  subjects  have  been  propounded 
with  the  greatest  minuteness.  What  is  wanted  is  that  the  subjects 
should  be  grouped,  and  the  selection  of  subjects  within  the  groups  left 
entirely  to  the  head  master ;  for  instance,  the  following  groups  suggest 
themselves :  Ancient  Languages,  Modem  Languages,  Science,  Mathematics, 
English,  Art.  Within  any  one  of  these  groups  the  students  would  select 
as  much  or  as  little  as  they  liked.  For  instance,  in  Langut^es  some  would 
select  three  languages,  others  one  ;  in  English  some  would  take  Scripture, 
histCMy,  geography,  history  of  language,  <ko.,  others  only  one  of  these  sub- 
jects. Certificates  would  be  given  accordingly,  and  diere  would  be  no 
oompetition.  The  great  point  to  be  aimed  at  is  to  give  absolute  freedom 
of  choice^  and  the  standard  reached  by  each  person  stated  on  his  certi- 
ficate. 

S  21.  The  Universities  handicap  schools,  inasmuch  as  the  entrance 
examinations  encourage  premature  i^>ecia]isat4on  and  by  failing  to  insist 
upon  a  respectable  standard  of  general  education. 

S  20.  The  range  of  subjects  in  entrance  examinations  (Oxford  and 
Cambridge  and  Army)  is  much  too  narrow.  English  and  elementary 
mathematics  should  alone  be  regarded  aa  necessary.  Other  sul^cts 
should  be  optional,  and  a  good  standard  required. 

S  8.  Dublin  seems  to  encourage  an  all-round  education.  I  admit  with 
regret  that  the  conviction  haB  grown  on  me  that  Oxford  and  Cambridge 
do  not.  The  pass-man  at  these  two  universities  ou^ht  to  be  required  to 
know  something  of  other  subjects  than  classics,  mathematics,  and  a  little 
divinity.  For  Honours  specialisation  after  eighteen  may  not  be  open  to  the 
same  objection  as  at  an  earlier  age  or  in  the  case  of  pass-candidates.  By 
an  '  all-round  education '  I  should  understand  English  (including  history 
and  geography),  mathematics  of  a  practical  kind  in  the  simpler  branches. 
Classics  :  iktia  at  least,  if  not  Greek  ;  but  I  would  give  Greek  the  prefer- 
ence if  it  were  feasible ;  a  modem  language  with  colloquial  knowledge ; 
and  Boaae  general  elementary  soienoe.  The  Lo«idon  Matriculation  aims  at 
this  course,  and  would  be  a  good  test  of  schoc^  work  if  the  papers  were 
not  apt  to  be  tricky. 

S  1 3.  On  many  schools  University  entrance  examinations  produce  no 
eflf^ ;  so  lew  boys  go  <m.  The  particular  difficulty  in  connection  with 
them  seems  to  be,  they  must  not  be  %oo  hard  or  the  noderaite  candidate 
would  be  barred  out  altogether.  Hence  tbey  may  not  be  fand  are  not  in 
fact)  hard  enough  to  draw  out  the  better  boys  ;  e.ff.^  if  a  boy  in  the  Vth 
form  can  pass  the  university  entrance  he  may  either  (1>  go  to  the  univer- 
sity too  early,  or  (2)  feel  that  he  has  no  stimulus  when  he  is  in  the  Vlth. 

This  can  probably  only  be  met  by  relying,  not  on  examinations  at  all> 
but  oh  the  school  itself  for  ^mulus. 

V  6.  Swells  on  the  neglect  of  modem  languages  in  the  Cambridge 
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entrance  examinations.  Only  four  of  the  colleges  allow  these  aaa  sabject 
of  their  entrance  separate  examinations.  They  are  entirely  excladed 
from  the  general  examination  for  students  proposing  to  take  an  ordinary 
degree. 

U  2.  The  standard  required  in  any  university  entrance  examination 
is  not  high  enough  to  affect  any  but  the  weakest  candidates. 

U  8.  A  good  training  in  elementary  mathematics  is  one  ol  the 
greatest  of  boons.  The  endeavour  to  shirk  this  is  a  grave  evil  in  modem 
education.  It  has  done  harm  even  in  Cambridge.  As  to  university 
entrance  examinations  Cambridge  has  not  got  one. 

U  12.  A  paper  or  papers  in  natural  science  should  be  set  in  university 
entrance  examinations. 

U  21.  As  to  those  for  scholarships  other  than  university  examina- 
tions, and  their  effect  on  schools,  it  is  evident  that  an  opinion  on  this 
subject  must  depend  on  the  views  held  by  the  observer  as  to  the  beat 
subjects  of  university  study  for  the  average  man  whose  alnlities  are  not 
up  to  the  standard  of  schoUrships.  Leaving  out  of  account  the  more  or 
less  professional  subjects,  such  as  law,  medicine,  and  engineering,  I  per- 
sonally think  that  the  habits  of  observation  and  induction  which  may  be 
acquired  under  favourable  circumstances  by  the  experimental  study  of 
some  branch  of  natural  science,  and  the  power  of  weighing  evidence,  and 
the  knowledge  of  the  present  social  and  political  condition  of  the  world 
given  by  the  study  of  historical  and  economic  subjects,  are  the  best  pre- 
paration for  the  life  of  the  average  man  and  most  likely  to  make  him 
useful  to  the  State.  As  a  possible  future  change  I  think  there  is  ma<^ 
to  be  said  for  a  course  of  university  study  which  involves  both  these 
subjects,  or  some  one  branch  of  each,  as  an  ideal  training  for  those  who 
have  no  intention  of  taking  as  their  life's  work  the  study  of  any  brandi  of 
knowledge. 

It  is  a  matter  of  experience  that  a  subject  which  has  not  formed  the 
main  part  of  his  school  course  comes  with  greater  freshness  to  the  average 
English  public-school  boy,  and  is  more  likely  to  awaken  a  real  and  efioc- 
tive  interest  than  branches  of  learning  at  which  he  has,  often  unwilling^ly, 
spent  many  hours  a  week  for  several  years. 

If  we  accept  these  contentions  it  follows  that  the  general  sohoc^ 
course,  besides  providing  a  satisfactory  means  of  mental  training,  shoiild 
be  especially  adapted  to  serve  as  an  introduction  to  historical  and  scien* 
tific  studies,  free  opportunities  being  given  for  boys  who  show  definite 
tastes  or  exceptional  abilitv  to  diverge  from  the  general  course.  Sonne 
such  general  scheme  as  the  following  might  be  suggested  : — 

As  preliminary  to  both  history  and  natural  science  :  English  language 
and  literature,  physiography. 

As  preliminary  to  historical  subjects  :  classics,  modem  languages,  and 
general  history. 

As  preliminary  to  natural  science :  mathematics,  natural  history, 
elementary  physics,  and  (perhaps)  chemistry. 

Such  a  course  comprises  practically  the  same  subjects  as  those  which 
are  already  usually  taught,  but  very  different  relative  importance  wonld 
be  assigned  to  them,  and  the  method  of  treating  them  would  undergo 
considerable  modi6cation8.  Classics  and  mathematics  would  assume  a 
less  prominent  position  than  they  now  occupy,  except  for  those  boys  who 
showed  Bp^ial  aptitude  for  either,  and  mathematics  WiOuld^Jie  .treated 
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in  the  less  foimal  and  abstract  way  which  has  lately  been  freely  advo- 
cated. 

The  university  entrance  or  previous  examinations  would  require 
readjustment  to  form  a  fitting  conclusion  to  such  a  school  course  ;  and 
it  is  probable  that  this  readjustment  would  be  the  most  effective  way 
of  gradually  bringing  about  some  changes  in  school  education.  Whether 
it  would  be  possible  to  carry  the  reforms  indicated  through  the  govern- 
ing bodies  of  the  universities  it  is  difficult  to  say.  I  believe  there  is 
more  chance  of  doing  so  now  than  there  has  been  at  any  previous  time. 

U  10.  University  entrance  examinations,  such  as  the  '  Previous '  at 
Cambridge,  are  far  too  narrow  in  scope. 

English  subjects  (including  history  and  geography),  mathematics,  one 
ancient  language,  one  modem  language,  and  one  natural  science  subject 
should  be  compulsory.  Considerable  freedom  of  choice  in  the  matter  of 
the  modem  language  and  of  the  science  subject  should  be  permitted  ; 
and  while  a  fair  average  mark  should  be  required  for  a  pass  the  standard 
in  any  given  subject  ought  not  to  be  fixed  too  high.  At  present  the 
narrow  range  of  subjects  required  for  entrance  is  unfavourable  to  the 
acquisition  of  a  good  all-rouna  education. 

U  18.  The  question  as  to  optional  subjects  is  not  simple  or  easy.  The 
three  human  faculties  that  education  must  at  least  deal  with  are  speech, 
reason,  and  observation.  The  subjects  which  on  an  average  will  best  deal 
with  any  one  of  these  can  hardly  be  reckoned  optional.  A  correct  use  of 
languafles  seems  to  demand  the  study  of  some  one  language,  at  least, 
other  than  that  which  the  student  speaks  instinctively. 

For  the  second  object  I  do  not  think  anything  has  been  found,  or  is 
likely  to  be  found,  better  than  elementary  mathematics.  How  far  it  is 
possible  to  make  some  elementary  study  of  physics  a  compulsory  part  of 
a  university  first  examination  I  do  not  feel  competent  to  form  an  opinion. 
I  would  only  say  that  it  seems  a  subject  no  less  important  than  the  other 
two,  and  tiiat  the  now  almost  universal  teaching  of  it  in  schools  might  be 
greatly  improved  and  made  more  real  if  the  universities  could  see  their 
way  to  make  it  as  compulsory  as  languages  or  mathematics. 

U  16.  I  regard  all  examinations  of  a  fixed  character  as  objec- 
tionable unless  necessary  for  testing  professional  knowledge  or  for 
selecting  men  from  a  number  of  candidates  for  posts  in  the  Civil  Ser- 
vice, &c  In  the  latter  case  they  are  still  objectionable,  but  I  fear 
unavoidable. 

For  universities  and  schools,  however,  Exed  examinations  are  not 
necessary,  and  are  as  objectionable  as  religious  tests.  They  stunt  the 
ininds  of  all  those  (the  majority)  who  are  not  able  to  excel  in  the  par 
ticular  subjects  selected  ;  they  have  a  narrowing  effect  on  the  teacher, 
and  they  stop  progress  in  educational  matters.  The  taught  ought  to  be 
examinea  in  the  subjects  which  they  have  studied.  Some  of  these  sub- 
jects must  be  compulsory,  such  as  reading,  writing,  arithmetic,  ^c.  ;  but 
in  the  higher  walks  of  education  there  should  be  no  compulsion,  but 
freedom  as  complete  as  possible  in  the  choice  of  subjects,  so  that  each 
mind  should  have  a  chance  of  developing  its  own  qualities  to  the  highest 
extent. 

Curricula  ought  to  be  abolished  whenever  possible  ;  so  ought  entrance 
examinations  at  the  great  natural  seats  of  learning.  These  places  ought 
to  be  free  to  all  who  are  willing  to  study;  and  this  willingness  and 
capacity  to  study  ought  to  be  test^  by  examinations  at  stated  I  '  ~ 
subjects  or  subject  selected  for  study.  °'s' '^^^  ^^^ 
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U  1.  A  good  all-rptmd  education  seems  to  me  very  difficult  to  define ; 
but  whatever  definition  we  adopt  I  doubt  whether  the  university 
*  Previous  *  examination  can  be  fairly  said  to  promote  anything  of  the 
kind. 

8.  The  suitability  of  the  training  at  present  given  in  sohook  as  pre- 
(laratioti  for  higher  studies,  (a)  at  the  Univerdties  and  (6)  in  Tisohnkal 
IScbools. 

XT  4.  Boys  under  nineteen  gain  scholarsbips  at  Cambridge  for 
chemistry  and  physics  without  having  a  r^al  groundUng  in  mathemaws,  for 
histoiy  without  possessing  a  working  knowledge  of  Frencht  to  say  nothing 
of  German ;  and  feu*  Hebrew  without  first  acquiring  a  real  training  in 
classics.  Head  masters  ask  and  expect  that  scholarships  should  be  given 
in  these  special  subjects. 

U  10.  Lack  of  training  of  the  mind  generally  noticeable  in  students 
coming  to  the  university. 

XT  2.  The  candidates  from  many  schools  may  not  be  accepted  as 
efficiently  trained  in  scientific  theory  and  set  to  more  adv«,nced  work. 

U  8.  It  would  be  better  if  boys  were  not  put  on  the  strain  to  giain 
open  scholarships.     There  is  too  much  special  preparation  for  these. 

U  9.  The  results  obtained  in  the  technical  schools  are  meagre  owing 
to  the  want  of  preparation  in  the  students  at  the  time  of  entry. 

XJ  20.  I  have  observed  two  special  d^ects  which  would  appear  to 
result  from  the  training  at  present  given  in  schools.  One  is  the  inability 
to  write  lucid  and  correct  English.  The  other  is  the  inoapacky  for 
independent  work  and  thought.  The  second  has,  as  far  as  my  observation 
goee^  increased  perceptibly  during  the  last  fifteen  or  twenty  years.  The 
majority  of  undergraduates  seem  to  have  no  idea  of  working  on  their  own 
lines  ;  they  are  dependent  on  their  school  tutor  for  the  choice  of  a  coU^e 
and  on  their  college  tutor  for  the  choice  of  a  profession  ;  they  are  even 
unable  to  read  a  book  intelligently  for  themselves. 

9.  The  mutability  of  the  training  given  in  vnivernties  and  elsewhow 
as  a  preparation  for  the  teaching  profession. 

8  3.  Universities  seem  to  me  tp  tend  too  much  to  speciaUsation  for 
their  cleverei:  men  to  be  the  ideal  training-ground  for  teachers ;  they  rate 
ability  by  success  in  one  subject^  and  a  teacher  should  be  cultured  all 
round.  It  is,  I  think,  in  spite  of  their  curricula  that  they  supply  good 
teachers. 

S  10.  'In  science,  schools  are  too  ready  to  consider  that  because  a 
man  has  a  science  degree  ho  can  therefore  teach  science.  I  find  a  great 
difficulty  in  making  the  science  teaching  as  thorough  as  that  in  other 
subjects.  The  number  of  science  teache^  has  increased  enormously 
during  the  last  few  years.  The  ordinary  science  master  plans  out  a 
course  of  lectures,  and  coes  through  them  on  the  dates  he  has  Dreviouslv 
arranged,  so  as  to  get  through  his  course  in  a  given  time.  He  doean  t 
ruh  U  in,  and  he  doesn't  revise  enough*  We  want  trained  ^cietice 
teachers,* 

8  12.  My  conviction  is  that  (except  for  brilliant  men  who  will  have 
to  teach  brilliant  boys)  nothing  could  be  much  worse  than  the  Degree 
examinations,  as  at  present  arranged,  for  men  who  are  to  become 
teachers. 

S  8.  The  universities  do  not  prepare  men  for  the  teaching  profeswon. 
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The  best  tenckMRs  faftve  probftUy  heen  prod«ced  f ram  vmveroyly  bmb,  h«t 
the  viiT^nity  courae  does  not  develop  tiie  all-foiuid  man  itml  a  teaober 
slKHild  be.  As  a  rele  the  Oxford  or  Qambridge  gradnate  ha«  ne  notion 
of  audi  ftnljects  aa  Kaglish  grammar  and  kniKuage  or  elooutioii,  BeUom  qf 
modem  Ungnages,  hi«tory>  or  geography,  nnleas  a  speoiaUst.  He  is  ^ther 
a  mathematician  oi*  a  claiisio»  or  periUfie  a  hiatorj  specialist. 

B  15.  Very  unsuitable  when  a  snffioie&t  standard  is  attained  at  the  nni- 
ven»tj.  I  am  probably  heretical  en  this  point,  but  I  have  very  little  faith 
in  '  Padagogik.  The  best  teachers  I  have  known  knew  or  cai-ed  nothing 
about  *  theory/  and  certainly  never  thought  about  it  when  teaching ;  while 
theorists,  both  learned  and  ingenious,  often  fail  completely  in  the  practical 
part.  I  think  a  very  free  *  probationer '  system  vould  do  good,  but  set  no 
store  by  criticism  lessons  or  lectures  on  method.  Real  education  is  being 
strangled  in  Germany  at  the  present  time  by  excess  of  training  and 
system,  which  is  more  dangerous  to  the  develc^ment  oi  individuality  and 
the  power  of  independent  thought  than  many  bad  examinations. 

U  5.  Refers  to  need  of  travelling  studentships  in  modem  languages 
lor  students  who  have  passed  the  tripos  and  intend  to  become  teaehiers. 

U  2.  If  head  masters  could  be  induced  to  demand  men  with  a  sound 
teaching  knowledge  of  their  subjects  it  would  be  of  great  h^p  to  the 
universities  in  encouraging  sone  of  the  stttdeBts  to  do  teMhing  father 
than  examining  work. 


The  Conditions  of  Healib  essential  to  the  Carrying'  on  of  tihe 
Work  of  InstrucHon  in  Schools. — Export  of  the  Committee^  con- 
sisHng  of  Professor  C.  S.  Bhsrbinoton  {ChairnioM),  Mr,  £• 
Whitb  VfAhUB  (Secretary),  Mr.  E.  W.  Brabbook,  Dr«  C.  W« 
KiMMiiis,  Professor  L.  C.  Mima,  <»nd  Mise  Marlamd. 
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n.  Eyetigkt  in  School  Children .        , 460 

III.  Need  for  appointmemt  of  Wmnen-impectotM *        .    463 

The  Committee  had  in  co-operation  with  them  in  their  investigations 
and  deliberations  the  valuable  assistance  of  Dr.  C.  Ghilds,  Mr.  Felix  Clay, 
Dr.  Clement  Dukes,  Miss  Findlay,  Miss  Bavenhill,  Dr.  Rivers,  Mr.  J. 
Russell,  Dr.  C.  Shelley,  and  Dr.  Sydney  Stephenson. 

On  the  presentation  of  the  last  year's  report  of  the  Committee  at  the 
meeting  of  Section  L  two  suggestions  were  made  as  to  matters  for 
the  special  consideration  of  the  Committee.  Miss  Findlay  suggested 
inquiry  by  the  Committee  into  *  the  need  for  appointment  of  women-in- 
spectocs '  for  schoc4s.  Professor  ArnM^trvrng,  President  of  the  Sqption, 
8UfgM;fd  the  preperation  b(f  the  Committeie^  of  a  sh^  treatijjfe  on  tb# 
conditions  n^ost  necessary  to  observe  for  the  maintemmpe  of  heidtb  v^ 
scbocdiife* 

Oto  the  assembly  of  the  Committee  irfter  reappointment  by  the 
Association^  botib  these  suggestions  were  at  once  taken  into  consideration. 
Sttb^eqoimittees  were  ^ppcnntsd  which  undertook  tQ  coUetct  iAfonnation 
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on  questions  on  the  general  problem  of  school  hygiene  not  dealt  with  in 
the  previous  year.  The  Sub-Committee  on  the  Essentials  of  School  Build- 
ings have  furnished  a  report  which  forms  Appendix  I.  in  the  present  re- 
port of  the  Committee.  The  report  thus  received  forms  a  condensed 
resume  of  the  subject  of  a  very  practical  character.  It  may  be  regarded 
as  a  contribution  toward  the  realisation  of  the  proposal  that  a  short 
practical  treatise  should  be  drawn  up  by  the  Committee.  Its  conda- 
sions  are  of  a  general  character  and  are  applicable  to  all  classes  of  schocd 
buildings. 

The  Sub-Committee  on  Eyesight  in  School  Children  has  dealt  with  and 
reported  on  (a)  the  causes  of  defective  eyesight  in  school  children,  and  (6) 
the  conditions  requisite  for  preser\ing  eyesight  from  injury  in  school  Itfe. 
Besides  dealing  with  general  principles  involved,  it  makes  some  practical 
recommendations  of  much  importance.  One  of  these  is  that  it  should  be 
required  that  school  books  should  be  '  passed '  in  respect  to  their  typo- 
graphic standard  and  quality  by  some  recognised  hygienic  authority  before 
being  adopted  in  schools. 

Tne  necessity  for  a  very  considerable  eye-working  distance  in  all  the 
exercises  and  instruction  imposed  upon  young  children  is  a  condition 
which  lies  at  the  root  of  school  hygiene. 

The  report  of  the  Sub-Committee  forms  Appendix  II.  of  the  present 
report. 

The  Sub-Committee  that  undertook  the  collection  of  information 
regarding  the  question  of  need  for  appointment  of  women-inspectors  to 
schools  has  gathered  valuable  evidence.  The  general  line  of  their  inquiry 
was  directed  to  obtaining  authentic  instances  of  reforms  that  would  earlier 
have  sained  attention  had  the  school  where  the  reform  was  needed  been 
visited  by  a  competent  woman-inspector.  The  report  given  forms 
Appendix  III.  to  the  present  report.  Considering  that  in  school  life 
the  two  sexes  in  about  equal  numbers  are  engaged  in  teaching  and  being 
taught,  the  inspection  should,  it  is  obvious,  theoretically  fall  under  the 
charae  (A  men  and  women  in  about  equal  extent.  What  the  rqxirt  of 
the  Sub-Committee  does  clearly  show  is  that  such  a  division  of  the 
responsibility  is  practically  demanded  because  in  certain  respects  inspec- 
tion by  women-inspectors  possessing  the  necessary  qualifications  and 
training  as  indicated  in  the  report  is  the  most  likely  to  ensure  satisfactory 
control  and  prompt  remediation  of  certain  difficulties^ 


APPENDIX  I, 

Notes  on  the  JSssenticUs  of  School  Suitdings, 

In  drawing  up  the  foUowinff  ranarks  Upon  school  buildings  in  relation  to 
health  the  Sub-Committee  had  before  them  the  regulations  issued  by  the 
Board  of  Education  both  for  elementary  and  secondary  school  buildings. 
As  these  are  open  to  anyone,  and  give  a  large  amount  of  detailed  instruc* 
tion  as  to  the  planning  and  fitting  up  of  both  classes  of  schools,  it  seems 
better  to  the  Sub-Committee  to  confine  themselves  to  some  general 
observations  a^^licable  to  all  classes  of  school  buildings,  avoiding  as  far  as 
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possible  details  applicable  to  particular  classes  of  schools,  which  can  be 
readily  obtained  from  the  regulations  mentioned  above 

Generally. — The  plan  or  general  scheme  of  the  building  should  be 
arranged  with  a  view  to  providing  for  the  particular  system  of  organisa- 
tion and  routine  that  is  intended  to  be  adopted  in  the  school. 

The  main  points  to  be  kept  in  view  are  simplicity  and  directness, 
that  is  to  say,  narrow  corridors  or  passages  are  to  be  avoided  ;  all  parts  of 
the  building  and  playgrounds  should  be  easily  overlooked,  so  that  the 
duties  of  supervision  may  be  reduced  to  a  minimum.  There  should  be  no 
buttresses  or  projecting  parts  of  the  building  to  form  corners  or  places 
screened  from  ol»ervation. 

Every  part  of  the  inside  should  be  thoroughly  well  lighted. 

The  staircases  should  be  planned  so  that  there  is  easy  and  direct  access 
from  every  part  of  the  building  to  the  open  air,  and  so  distributed  that  no 
part  of  the  building  can  be  cut  off  by  fire  ;  they  should  be  arranged  to 
discharge  into  open  places  of  sufficient  size  to  prevent  jostling  or  crowd- 
ing in  case  of  two  or  more  classes  being  dismissed  at  the  same  time.  The 
general  scheme  must  provide  for  rapid  and  orderly  movements  of  large 
numbers  and  easy  accessibility  to  every  part  of  the  building  for  the 
principal. 

In  the  case  of  large  boarding  schools,  the  residential  buildings  should 
be  kept  separate  from  the  educational  block  ;  in  this  way  each  boarding 
house  may  be  placed  so  as  to  have  the  most  favourable  aspect,  can  be 
more  easily  isolated  in  case  of  sickness,  and  the  air  can  be  allowed  free 
play  all  round. 

The  objection  to  arranging  a  school  in  the  form  of  a  quadrangle  is 
that  there  will  necessarily  be  a  certain  amount  of  stagnant  air,  and  that 
only  two  sides  can  have  a  favourable  aspect. 

Site, — A  damp  or  low-lying  ground  should  be  avoided — if  possible  a 
position  on  the  top  or  side  of  a  hill  facing  south  with  a  gravel,  sand,  or  chalk 
soil,  sheltered  to  the  north  and  east  by  trees,  preferably  pines.  Ground 
water  should  not  come  within  about  10  or  12  feet  of  the  surface.  The 
advantages  of  a  good  soil,  such  as  sand  or  gravel,  may  be  entirely  neutral- 
ised by  an  impervious  layer  of  clay  a  little  below  the  surface. 

The  erection  of  a  school  building  upon  made  ground  is  very  unde* 
sirable. 

In  towns  care  should  be  taken  to  place  the  school  away  from  main  or 
noisy  thoroughfares,  the  neighbourhood  of  railways,  factories,  or  any 
industries  causing  dust  and  smell.  A  wide  street  with  the  houses  <m  the 
opposite  side  low  should  be  chosen,  both  for  light  and  the  avoidance  of 
noise.  Otherwise,  unless  the  building  can  be  put  at  least  60  feet  back 
from  the  street  there  will  be  disturbance  to  the  work.  In  any  case  the 
room  where  noise  is  of  less  importance,  such  as  studios,  laboratories, 
cloak-rooms,  steurcases,  corridors,  and  the  assembly  hall,  should  be  placed 
on  the  street  side,  aspect  having  been  taken  into  consideration.  Double 
windows  should  only  be  allowed  where  there  is  an  effective  and  complete 
independent  system  of  ventilation.  The  places  that  the  children  may 
have  to  pass  on  the  way  to  school  should  also  be  considered  when  settling 
the  position  of  a  school. 

Aspect, — The  building  must  be  placed  so  that  the  sun  has  free  acces 
to  every  part  that  is  in  constant  use.      The  best  aspect  is   probably 
south-east :  this  allows  the  morning  sun  to  shine  into  the  room  while  it  is 
off  before  the  hot  part  of  the  day.     Rooms  facing  due  west  will  ^^Yf  rx 
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hot  in  suBioier,  aad  should  if  possible  be  only  used  in  schools  where  work 
is  not  carried  on  in  the  ftf temoen.  It  is  suggested  that  on  a  free  site  the 
best  plan  will  be  to  place  the  side  of  the  hall  in  which  the  windows 
are  (in  a  school  on  the  central  hall  plan)  to  the  north-west»  placiag  the 
studio  at  the  north  end  and  gi'ouping  the  class-rooms  on  the  south  and 


Entrances, — In  arranging  the  entrances  regaard  should  be  had  to  the 
prevailing  wind  in  order  to  provide  shelter ;  there  should  be  covered 
space  for  early  comers  to  wait  in  on  wet  morDing&  They  should  not 
open  directly  into  the  hall,  nor  be  used  for  cloak-rooms.  A  strong  draught 
is  produced  when  two  entrances  open  opposite  to  each  other  with  a 
straight  corridor  between.  In  mixea  schools  there  must  be  a  separate 
entrance  for  boys  and  girls. 

Cloak-roovM  must  be  large,  airy»  and  well  lighted^  and  placed  sp 
that  they  are  under  easy  observation  from  outside.  They  should  be  easily 
reached  from  the  main  entrances,  and  the  doors  so  arranged  as  to  allow 
the  various  forms  of  cloak-room  drill  that  are  customary  in  the  elementary 
schools.  The  stands  should  be  some  distance  apart  with  12  inches 
between  the  pegs,  of  which  there  should  be  only  one  row,  so  arranged 
that  the  clothes  can  hang  clear  away  from  the  wall  and  allow  of  the  proper 
circulation  <^  air.  In  the  case  of  boys'  schools  less  space  will  be  re- 
quired. The  best  umbrella  holders  are  the  *  turnstiles.'  Cloak-rooms 
should  be  warmed,  and  special  attention  be  paid  to  their  ventilation. 
Lavatory  basins  should  not  be  placed  in  the  cloak  rooms. 

Class-rooms — 

(a)  Area.  The  area  of  the  floor  space  to  be  occupied  by  the  pupils 
should  be  not  less  than  18  square  feet  per  child. 

(6)  Lighting.  The  main  light  to  be  from  the  left,  other  windows 
being  subsidiary  and  for  the  purpose  of  ventilation. 

The  transparent  glass  surface  should  bo,  if  possible,  one-quarter  of  the 
floor  space  to  allow  for  the  dark  days,  and  should  never,  even  on  tbeaouth 
side,  be  less  than  one-sixth. 

The  sill  of  the  window  should  not  be  more  than  3  feet  6  inches  from 
the  floor,  but  if  higher  should  be  bevelled  ofi*. 

The  glass  should  be  carried  as  near  the  ceiling  as  may  be  construction- 
ally  possible. 

The  pi^9  between  tlie  windows  should  be  as  narrow  an  possible,  and 
splayed  or  bevelled  ofi*. 

The  back  row  of  desks  must  not  be  placed  behind  the  last  window. 
Transoms  or  heavy  mullions  should  not  be  allowed  even  if  the  requisite 
amount  of  glass  area  is  provided,  as  they  cast  shadoa's.  The  colour  of 
the  walls  is  impcnrtant  with  regard  to  lighting.  The  light  yellows  and 
buffs  often  found  and  recommended  are  not  satisfactory,  yellow  in  par- 
ticular producing  fatigue  and  nervousness  in  a  marked  degree  as  com- 
pared with  other  colours.  Some  light  shade  of  green  ^u*  grey  seems  on 
the  whole  the  most  satisfactory  colour.  Blackboards  placed  at  a  height 
within  easy  reach  of  the  children  should  run  round  the  walls. 

Sleeping -rooms, — The  most  satisfactory  arrangement  is  probably  thai 
of  open  dcMrmitories  containing  a  moderate  number  of  beds.  The  cubicle 
system  is  less  to  be  recommended,  while  that  of  having  rooms  for  two  or 
Uiree  should  be  unhesitatingly  condemned. 
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Not  low  than  65  squavQ  feet  of  floor  area  should  be  prorided  for  eack 
occupant. 

Playgrouiid, — Every  school  should  be  provided  with  suflBcient  open 
space  immediately  round  the  school  building  for  the  purpose  of  a  play^ 
ground  :  this  should  in  no  case  be  less  than  30  square  xeet  per  head.  In 
the  case  of  secondary  schools  this  should  be  in  addition  to  the  playing 
field  for  regular  games.  Boarding  schools  require  considerably  more 
space  than  day  sdbools. 

Ventilation, — The  Committee  while  feeling  to  the  full  the  enormous 
importance  of  the  subject  of  proper  ventilation  in  regard  to  the  success  of 
the  school,  both  as  to  the  mental  and  physical  development  of  the  pupilsi 
feels  some  difficulty  in  offering  any  suggestions  as  to  how  a  satisfactory 
result  can  be  secured.  Many  schemes  are  put  forward,  both  *  mechanical  * 
and  '  natural/  each  of  which  claims  to  secure  perfect  ventilation,  but  all 
of  which  in  actual  practice  fall  far  short  of  their  promises.  The  Com- 
mittee would,  however,  like  to  utter  a  word  of  warning  with  regard  to  cer- 
tain systems  that  rely  on  the  introduction  of  hot  air  both  for  the  warming 
and  ventilation  of  the  rooms.  Such  a  system  may  work  well  enough  in 
the  case  of  one  or  two  lai^e  rooms,  but  in  a  school  with  its  large  number 
of  rooms  with  an  always  varying  number  of  occupants  the  difficulty  of 
adjusting  the  pressure  becomes  very  great.  The  continual  movement 
and  opening  of  doors  is  also  apt  to  interfere  with  the  proper  working 
ot  the  system ;  in  addition  to  this  there  is  the  breathing  of  the  warmed 
air.  In  winter  the  incoming  air  must  be  raised  to  a  considerable  temperar 
ture  to  allow  for  the  cooling  effect  of  the  windows,  walls,  &c. ;  and  although 
somewhat  cooled  down  by  the  time  it  reaches  the  pupils  it  must,  it  would 
seem,  lose  most  of  its  invigorating  qualities,  even  though  it  has  not  been 
heated  sufficiently  to  burn  the  organic  particles  present.  Booms  heated 
by  hot  air  are  apt  to  have  an  enervating  and  debnitating  effect.  In  order 
to  warm  and  ventilate  a  room  by  hot  air  only  it  is,  of  course,  necessary 
to  introduce  the  fresh  air  at  the  top,  extracting  the  foul  air  at  the  bottom. 
This,  a^ain,  is  open  to  several  objections  :  those  sitting  near  the  outlets 
are  in  a  continuous  stream  of  all  the  bad  air  in  the  room  ;  the  breathed 
air  is  brought  down  again  past  all  the  people  in  the  room  (as  are  the 
products  of  combustion  if  artificial  light  is  in  use) ;  the  windows  can 
never  be  opened  because  ii  they  were  the  whole  working  of  the  aystem 
would  be  upset ;  finally,  in  summer,  when  the  incoming  air  is  cooler  than 
that  in  ike  room,  there  is  a  tendency  for  the  entering  air  to  fall  straight 
down  to  the  outlet  below.  This  system  has  undoubtedly  many  strong 
supporters,  but  the  unsatisfactory  state  of  things  existing  in  many  schools 
where  it  has  been  installed  has  induced  the  Committee  to  urge  that  a 
good  deal  more  experiment  and  experience  of  it  is  required  before  it  can 
be  safely  recommended.  On  the  whole,  it  seems  that  the  solution  is  likely 
to  be  found  in  some  plan  by  which  the  fresh  air  (warmed  when  the  weather 
is  cold  so  that  it  can  be  freely  introduced  without  discomfort  and  main- 
tained at  a  temperature  of  not  less  than  SS"*)  is  brought  in  at  a  low  level, 
the  {quI  air  being  taken  off  at  the  highest  point  (mechanical  power  being 
used  to  make  sure  of  sufficient  movement)  and  the  a<;tual  warming  of  the 
room  l^eing  done  by  some  form  of  direct  radiation. 

Sanitary* — The  sanitary  conveniences  in  boys'  schools  may  well  be 
placed  outside  the  main  biulding  ;  but  in  girls'  schools,  and  where  there 
are  very  young  children,  they  must  be  provided  in  the  main  building,  but 
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should  be  cut  off  by  a  properly  arranged  ventilating  lobby.  This  patt  of 
the  school  building  should  be  thoroughly  well  lighted,  so  as  to  ensure  its 
being  kept  properly  clean.  Deodorants  or  disinfectants  should  not  be 
allowed,  as  Uiey  take  away  one  certain  and  easy  means  of  detecting  any- 
thing wrong.  To  prevent  unpleasantness  reliance  should  be  placed  on 
perfect  cleanline-ss.  Frequent  inspection  by  the  principal  is  of  the  greatest 
importance,  as  when  these  matters  are  left  entirely  to  the  school-keeper 
it  is  not  uncommon  to  find  in  schools  otherwise  splendidly  equipped  and 
managed  a  very  undesirable  state  of  things.  In  planning  a  school  great 
care  should  be  exercised  as  to  the  position  of  lavatories,  &c.  No  windows 
in  the  main  building  should  overlook  the  approach  to  Uiem. 


APPENDIX    IT. 

Eyesight  in  School  Children. 

The  Sub-Committee  appointed  to  inquire  into  the  recorded  investiga* 
tions  as  to  (A)  the  causes  of  defective  eyesight  in  school  children,  and  to 
give  an  account  of  (B)  the  conditions  necessary  for  preserving  the  sight 
in  school  life,  reports  as  follows  : — 

(A)  The  three  principal  preventable  causes  of  defective  sight  in  schools 
are  found  to  be — 

1 .  Defective  and  flickering  lighting  of  school  buildings  and  rooms. 

2.  Faulty  positions  of  scholars  with  regard  to  light  and  with  regard 
to  the  work  upon  which  they  are  occupied. 

3.  Bad  type  of  print  and  writing,  both  in  school  books  and  upon 
blackboards. 

To  these  may  be  added  causes  less  under  the  control  of  the  school, 
though  de6nitely  affecting  the  child  in  its  relation  to  school  life, 
namely — 

Defective  nutrition ; 

Insufficient  sleep  and  clothing,  and  home  habits  and  conditiohs  in* 
jurious  to  general  health  ; 

Home  lessons  conducted  under  unfavourable  conditions  of  light 
position. 

(B)  The  three  conditions  necessary  for  preserving  the  sight  in  school 
life  are  found  to  be — 

1.  That  the  schoolroom  and  classrooms  should  be  sufficiently  and 
steadily  lighted,  whether  by  daylight  or  by  artificial  lighting. 

2.  That  scholars  should  maintain  correct  positions  in  school,  both  in 
regard  to  the  direction  of  the  light  falling  upon  their  work  and  correct 
posture  and  with  regard  to  the  books  or  objects  upon  which  they  are  at 
work. 

3.  That  the  paper  and  type  of  all  books  used  in  school  should  be 
appropriate.  Blackboards  should  be  properly  prepared  and  placed,  and 
the  writing  upon  them  clear  and  of  a  suitable  size.  Slates  of  the  ordinary 
description  should  be  abolished  or  replaced  by  others  of  a  more  modem 
kind. 
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1  A.  A  classroom  is  considered  to  be  sufiiciently  lighted  by  daylight ' 
ID  all  parts  in  which  a  portion  of  the  sky  is  visible  by  the  scholar ;  by 
artificial  light  when  small  type  known  as  brilliant  can  be  read  in  any 

?art  oi  the  room  at  the  distance  of  18  inches  from  the  normal  eyes, 
n  place  of  blinds  a  sliding  screen  covering  only  part  of  the  window 
should  be  arranged  so  that  sunlight  may  Im  prevented  falling  directly 
on  the  scholars,  and  that  with  a  minimum  loss  of  daylight.  Windows 
should  always  be  carried  as  near  to  the  ceiling  as  possible  so  as  to  secure 
the  largest  amount  of  sky.  The  height  of  the  window-sill  from  the  floor 
also  requires  careful  consideration.  Tt  should  never  be  so  low  as  to  cause 
dazzling  of  the  scholars'  eyes. 

The  window-glass  should  be  perfectly  clear  without  any  muffling  or 
clouding,  not  only  on  account  of  securing  the  largest  amount  of  light, 
but  to  save  the  check  to  the  eye-nerve  of  thwarted  vision.  Windows 
ought  not  to  be  broken  up  by  bars  where  these  can  be  avoided ;  and  plate- 
glass  is  preferable,  where  possible,  as  being  a  good  non-conductor.  It 
retains  the  heat  of  the  fire  in  the  room,  and  also  takes  the  heat  out  of 
the  sunlight  entering  the  room.  Careful  attention  should  be  paid  to  the 
ratio  between  window  area  and  floor  space. 

Reflected  light  from  the  ceiling  becomes  well  dispersed  and  b  steady. 

2  A.  The  correct  position  for  a  child,  when  sitting  at  a  desk  to  write, 
is  such  that  his  feet  may  be  firmly  planted  on  the  floor  or  foot-rest,  the 
seat  of  his  chair  reaching  forward  to  his  knee,  the  back  of  the  seat 
supporting  both  middle  spine  and  shoulders.  The  front  of  the  desk 
should  come  well  over  the  knees  and  be  at  such  a  height  that  both  arms 
can  be  laid  on  it  easily  without  raising  the  shoulders.  The  slope  of  the 
desk  should  be  about  30^,  and  this  position  will  be  found  to  bring  the 
paper  at  about  the  distance  of  from  18  to  20  inches  from  the  eyes  of  the 
normaUy  proportioned  child. 

In  reading  the  slope  of  the  book  should  be  45^ ;  and  this  exercise 
should  for  the  most  part  be  taken  sitting  rather  than  standing  in  order 
not  to  dissipate  nervous  energy  from  intelligence  and  eyesight;  and 
great  liberty  of  movement  must  be  allowed  within  these  requirements, 
either  when  standing  or  sitting,  to  avoid  strain  upon  the  delicate  nervous 
organism. 

Desks  and  seats  must  be  so  placed  that  light  falls  from  above  (dis- 
persed light  causing  no  shadows)  or  from  the  left.  Light  must  be  steady 
and  not  flickering,  and  must  fall  upon  the  work  and  not  upon  the  eyes  of 
the  worker. 

3  A.  School  books  are  considered  to  be  appropriate  and  well  printed 
when  the  paper  is  thick  enough  to  prevent  the  ink  showing  through  ;  the 
colour  of  the  paper  slightly  toned  white,  not  glazed ;  the  ink  a  good 
black  ;  the  size  of  type  pica  leaded  ;  and  the  length  of  line  about 
four  inches. 

A  feeling  is  expressed  by  many  that  school  books  should  be  '  passed ' 
by  some  hygienic  authority  as  appropriate  to  eyesight  before  being 
received  in  schools  from  the  publishers. 

Blackboards  should  be  slated  black  to  receive  the  white  chalk.  They 
should  be  at  a  maximum  distance  of  30  feet  from  the  observer,  should  be 
well  illuminated,  and  the  writing  upon  them  should  be  well  spaced  and 
not  less  than  an  inch  depth. 

'  Special  instniments  have  been  devised  to  measure  eiactly  the  amoant  of  day* 
light  in  any  part  of  the  room.  .  , 
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As  while  hypermetropia  (longsightedness)  is  generally  congenital, 
myopia  (shortsightedness)  is  genersJly  acauired.  The  simple  methods 
adopted  for  discovering  defective  eyesight  in  its  early  stages  and 
maintaining  an  alertness  in  observing  an  increased  deficiency  are  as 
follows  : — 

An  examination  of  the  eyes  in  any  case  where  a  child  appears  to  be 
stupid  ;  tends  to  hold  the  book  or  object  at  which  he  is  set  to  work  too 
near  his  face  ;  cannot  see  the  blackboard  so  easily  as  his  comrades  ;  com- 
plains of  headache,  seeing  '  colours/  or  has  watering  or  redness  in  the 
eye,  or  squints. 

The  examination  of  all  children  over  the  first  standard  annually  by  means 
of  Snellen's  letter  test,  or  by  tests  of  broken  circles  or  incomplete  squares. 
Anything  more  complex  has  .been  found  to  be  mi^eading  except  when 
used  by  experts.  In  the  use  of  Snellen's  letter  tests,  daylight  being 
variable,  it  is  desirable  to  arrange  a  couple  of  argand  burners  or  electric 
lights  so  that  the  types  shall  be  thoroughly  illuminated  while  the  lights 
are  screened  from  the  child  under  observation.  But  it  should  be  remem- 
bered that  the  test  so  conducted  only  gives  the  working  power  of  those 
eyes  under  identical  conditions  in  the  schoolroom,  and  it  should  not  be 
sui4>osed  that  a  less  illuminated  or  less  clearly  written  blackboard  will 
be  readable  at  a  similar  distance. 

Children  need  to  be  taught  and  trained  to  secure  for  themselves  proper 
lighting  at  work,  and  to  maintain  proper  habits  of  posture,  kc,,  with 
regard  to  light ;  while  remembering  tbat  the  habit  may  be  the  result  o£ 
eye  defects  or  defects  of  lighting,  teachers  should  make  a  point  of  cor- 
recting any  tendency  to  form  a  mere  habit  of  getting  objects  close  to 
the  eyes,  in  order  to  protect  the  children  against  loss  of  eyesight  in  school 
life. 

Separate  classes  might  be  arranged  in  large  schools  for  high  myopio 
cases.  In  all  cases  special  attention  has  to  be  given  to  the  myopic  under 
the  guidance  of  the  oculist. 

It  might  be  well  to  recommend  the  appointment  of  a  medical  man 
skilled  in  eye  disorders  to  each  large  school  or  group  of  schools,  when 
all  cases  of  defective  sight  should  be  referred  to  him  for  examination  and 
report. 


APPENDIX  III. 

Need  for  Appointment  of  Wofnen-inspectors. 

The  Sub-Committee  has  confined  its  inquiry  chiefly  to  the  need  for 
women -inspectors  in  elementary  schools,  in  pupil  teachers'  centres,  and  in 
technical  institutes.  Information  has  been  sought  in  country  schools,  in 
town  schools,  from  head  teachers,  and  also  from  inspectors.  The  evidence 
is  of  great  interest,  but  naturally  of  limited  extent.  No  special  effort  has 
been  made  to  restrict  inquiries  to  districts  where  women -mspectors  have 
worked,  but  on  the  other  hand  it  has  not  been  possible  to  prosecute 
inquiries  very  widely.  The  general  line  of  inquiry  has  been  directed  to 
obtaining  authentic  instances  of  reforms  suggested  by  women-inspectors, 
and  of  cases  where,  in  the  opinion  of  the  teachers,  desirable  reforms  would 
have  received  earlier  and  more  attention  had  the  school  been  visited  by  a 
competent  woman -inspector,  and  this  under  various  heads  as  b^dingft^ 
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satdtary  conditions  affeciii^  both  teachers  and  scholars,  scholastic  defects 
and  difficulties,  and  morals. 

Evidence  given  by  inspectors  has  mainly  referred  to  points  in  which 
attention  has  been  drawn  by  women  to  such  delects  in  giris'  and  intant 
schools,  and  cases  in  which  teachers  have  specially  so«i|^t  advice  and  help 
from  a  woman-inspector. 

An  abstract  is  appended  from  a  valuable  letter  from  Miss  Ravenhill 
covering  nearly  all  the  points  of  importance  that  have  arisen  in  the 
inquiry.  The  correspondence  with  teachers,  inspectors,  and  others  has 
been  of  great  interest,  and  the  Committee  only  regret  that  it  is  not 
possiMe  to  print  fuller  extracts. 

It  should  perhaps  be  mentioned  that  while  not  all  teachers  are  in 
tAvoixt  of  having  women-inspectors,  it  seems  that  it  is  usually  those  who 
work  under  the  happiest  conditions  who  have  not  felt  t^e  need.  Almost 
all  are  glad  of  the  inquiry,  and  express  hopes  that  it  may  be  acted  on, 
though  ni£^  &re  anxious  it  should  not  be  known  that  they  have  given 
evidence.  The  need  is  as  great,  if  not  greater,  in  pupil-teadiers'  centres 
and  in  science  schools  for  girls  as  anywhere.  One  woman,  twelve  years 
member  of  a  School  Board,  writes  that  women -inspectors  will  be  more 
needed  under  the  Education  Act  than  before. 

Stress  has  been  laid  by  several  correspondents  on  the  care  desirable  in 
selecting  women  to  serve  as  inspectors,  and  the  Committee  wish  to 
emphasise  this  point.  It  is  most  important  l^at  inspectors,  whether  men 
or  women,  should  possess  a  practical  knowledge  of  hygiene,  especially  as 
regards  school  structures  and  child-life.  Some  evidence  of  such  know- 
ledge might  weH  be  required  in  the  future. 

It  is  earnestly  hoped  that  the  attention,  both  of  the  Board  of  Educa- 
tion and  of  the  new  Local  Education  Authorities  may  be  drawn  to  the 
importance  of  the  subject. 


Rrtracfjrom  Letter  from  Miss  Ravenhill  referring  to  Returns 
obtained  by  her  from  School  Teachers. 

*  Instances  of  very  serious  defects  in  the  ventilation  and  heating  of 
elementary  schools  appear  in  my  returns ;  for  example,  classrooms 
underground,  of  which  the  air  is  always  foul,  and  another  case  where  the 
temperature  of  the  bi^bies'  room  was  rarely  above  48^  F.  for  some  weeks 
in  the  winter  of  1902.  It  is  believed  that  a  woman-inqpector  would  be 
more  alive  t^n  male  inspectors  have  shown  themselves  to  be  to  the 
Aeieriorating  influences  exercised  upcm  health  by  these  and  similar 
condfttons  of  work.  A  glaring  example  of  insanitary  conditions  is  given 
in  a  school  a  portion  of  the  foundations  of  which  stand  in  water  :  fungus 
grows  abundantly  beneath  the  school  floor,  causing  an  unpleasant  odour, 
but  the  only  steps  taken  to  remedy  the  evil  is  the  placing  of  lime  from 
time  to  time  under  the  floor.' 


The  information  collected  this  year  again,  as  last  year,  emphasises  the 
need  for  and  the  importance  of  a  greater  difiusion  among  teachers  and 
among  those  who  have  charge  of  schools,  of  a  true  knowledge  regarding 
the  working  of  the  healthy  body  and  mind.  As  to  this  knowledge 
required  by  teachers  the  influence  of  school  habits  and  of  schoel  work 
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up<m  health,  the  proper  care  of  sight  and  hearing  and  of  the  musonkr 
sense  and  powers,  the  r^ulating  of  sanitary  conditions  in  warming,  light- 
ing, ventilation,  and  clewliness  both  of  rooms  and  of  persons,  attention  to 
clothing,  safeguarding  against  fatigue— all  these  are  duties  for  which 
authorities  should  encourage  the  teacher  to  acquire  knowledge  and  train- 
ing to  undertake  them  adequately.  Suitable  instruction  in  the  principlei 
and  practice  of  modem  hygiene  can  alone  equip  the  teacher  to  perfonn 
such  duties  intelligently.  Modem  hygiene  utilises  the  sciences  of 
chemistry,  physics,  and  physiology,  and  from  these  it  welds  together  an 
applied  knowledge  devoted  cut  hoc  to  the  regulation  of  the  conditioiu 
promoting  health  of  body  and  determining  to  a  large  extent  that  oC 
mind  also.  It  is  not  the  whole  of  the  wide  study  of  hygiene  that  ii 
required  for  the  purposes  of  the  school  teacher.  It  is  a  ^owledge  of 
hygiene  devoted  oJ  Aoc  to  the  conditions  of  school  life.  This  should  be 
regarded  as  a  conditio  sine  qud  non  for  those  who  have  the  care  of 
children  and  the  working  management  of  school  life.  This  requirement 
has  been  forgotten  by  the  framers  of  the  Education  Acts.  It  is  not  for 
one  moment  to  be  thought  that  it  is  the  acquirement  of  any  medical 
knowledge  that  we  are  urging  as  necessary  for  the  professional  equipment 
of  school  teachers  and  inspectors.  The  study  of  chemistry,  physics,  and 
physiology  is,  it  is  true,  at  the  basis  of  medicine  as  well  as  of  hygiene ; 
but  the  daily  routine  of  the  teacher's  supervision  of  maintenance  of  health 
conditions  in  the  school  would  not  take  the  place  of  a  skilled  expert's 
advice  and  the  opinion  of  the  medical  man  required  at  stated  intervals  or 
as  occasion  arose.  The  former  would,  however,  most  usefully  and  import- 
antly co-operate  with  the  latter.  Teachers  well  and  practically  instracted 
in  hygiene  would  provide  an  organisation  able  to  co-operate  intelligently 
with  medical  advisers.  Dr.  Kerr  in  his  recent  Report  as  Medical  Officer 
of  the  London  School  Board  writes  :  *  The  definite  requirement  of 
hygienic  knowledge  as  part  of  the  equipment  of  every  teacher  is  a  neces- 
sity if  a  great  part  of  the  work  of  this  department  is  not  to  be  useless  in 
result.  Praiseworthy  as  are  the  efforts  of  head  teachers  to  comply  with 
all  requirements  and  instructions,  zeal  cannot  replace  knowledge;  and 
until  this  knowledge  becomes  a  necessity  for  qualification  as  a  teacher  it 
would  be  well  if  special  importance  were  attached  to  its  possession  in  any 
future  appointments  to  the  headship  of  departments.' 

The  Committee  in  this  belief  desire  to  urge  the  Association  to 
memorialise  the  Education  Department  (1)  to  adopt  or  recognise  some 
more  thorough  and  practical  test  of  a  teacher's  knowledge  and  experience 
of  the  application  of  health  conditions  in  school  life;  (2)  to  protect 
health  in  school  life  by  making  practical  knowledge  of  hygiene  as  applied 
to  school  life  an  essential  qualification  for  those  to  whom  it  intrusts  its 
school  inspection. 

The  Committee  desire  to  be  reappointed,  and  ask  to  be  allowed  to 
use  the  unexpended  portion  of  this  year's  grant. 


Digitized  by 


Google 


CORRJSPOimiNO   SOCIETIES.  466 


Corresponding  SodeiiBs  Committee. —Report  cf  ihe  Commiitee,  con* 
sisthig  of  Mr.  W.  Whitaker  (Chairman),  Mr.  F,  W.  Rudler 
{SeareUmi\  Sir  John  Evans,  Rev.  J.  0.  Be  van,  Dr4  Hohace  T. 
Brown,  Dr.  Vadghan  Cornish,  Dr.  J.  6,  Garson,  Mr.  T.  V. 
Holmes,  Mr.  J.  Hopkinson,  Professor  R.  Meldola,  Dr.  H.  R. 
Mill,  Mr.  C.  H.  Read,  Rev.  T.  R.  R.  Stebbino,  and  Professor 
W.  W.  Watts.     {Drawn  up  by  the  Secretary.) 

The  Correspondinff  Societies  Committee  have  to  report  that  at  their 
suggestion,  sinoe  tine  last  meeting,  the  Council  of  the  British  Associa- 
tion have  resolved  to  recommend  to  the  General  Committee  that 
the  work  at  present  entrusted  to  the  Secretaries  of  the  Sectional  Com* 
mittees  under  Rule  10  (p.  xxxvii  of  the  last  Report)  shall  henceforth 
devolve  upon  the  Organising  Committees.  The  effect  of  this  alteration 
will  be  that  the  Organising  Committee  of  each  Section  will  transmit  to 
the  Secretaries  of  Sections,  and  through  these  to  the  Secretaries  of  the 
Conference  of  Delegates,  any  recommendations  bearing  upon  matters  in 
which  the  co-operation  of  the  Corresponding  Societies  is  desired.  It  is 
hoped  that  by  this  means  the  Organising  Committees  will  specify  what 
local  work  can  be  usefully  undertaken  by  the  Corresponding  Societies, 
with  the  view  of  assisting  the  various  scientific  Committees  of  the  Asso- 
ciation. 

The  Council  of  the  Association,  at  the  instance  of  a  Committee  which 
they  appointed  to  consider  the  relation  of  the  Corresponding  Societies  to 
the  Association,  have  directed  that  an  official  invitation  should  be  ad- 
dressed to  the  various  Societies,  through  the  Corresponding  Societies 
Committee,  asking  them  to  appoint  standing  British  Association  Sub- 
Committees  to  be  elected  by  themselves  with  the  object  of  dealing  with 
all  t^ose  subjects  of  investigation  common  to  their  Societies  and  to  the 
British  Association  Committees,  and  to  look  after  the  general  interests  of 
science  and  scientific  education  throughout  the  provinces  and  provincial 
centres. 

For  further  consideration  of  these  subjects  a  Conference  was  held  on 
June  24  between  the  Committee  of  Council  and  the  Corresponding 
Societies  Committee,  when  it  was  decided  that  the  questions  raised  in 
the  Report  of  the  Committee  of  Council  should  be  brought  forward  for 
discussion  at  the  Conference  of  Delegates  at  Southport. 

The  following  circular-letter  was  accordingly  addressed  to  the  Presi- 
dents,  Secretaries,  and  Delegates  of  the  various  Corresponding  Societies  ; — 

'  BarlingtoQ  House,  London,  W., 

» June  24,  1903* 

'  DsAK  SiE, — We  are  directed  by  the  Council  of  the  British  Associa- 
tion for  the  Advancement  of  Science  to  suegest  to  your  Society  the  advau- 
'  tage  of  securing  closer  co-operation  witn  the  Corresponding  Societies 
Committee  by  the  appointment  of  a  Special  Committee  to  deal  with  such 
subjects  of  investigation  as  are  common  to  your  Society  and  to  the  Com- 
mittees of  the  British  Association.  Such  an  organisation,  it  is  believed, 
might  be  of  great  use  in  creating  and  sustaining  local  interest  in  scientific 
work  and  in  increasing  the  scientific  activity  of  your  Society*    C^oDQIp 
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'  The  subject  of  ^ientific  Education  in  relation  to  the  Corresponding 
Societies  has  been  under  the  consideration  of  a  Committee  of  the  Counol 
of  this  Asssociation,  and  that  Committee  have  expressed  the  opinion  that 
immense  benefit  would  accrue  to  the  country  if  the  Corresponding 
Societies,  in  addition  to  their  present  work,  were  to  take  adrantage  erf 
the  expei't  knowledge  of  many  of  their  members  to  secvre  adequate 
representation  for  scientific  education  on  the  Education  Committees  now 
being  appointed  under  the  new  Act.  The  Educational  SectioQ  oi  the 
Association  having  been  but  recently  added,  the  Corresponding  Societies 
have  not  had  much  opportunity  for  taking  part  in  this  branch  of  the 
Association's  work,  and  in  view  of  the  reorganisation  in  education  now 
going  on  all  over  the  country  the  Committee  are  of  opinion  that  no  more 
opportune  time  is  likely  to  occur  for  the  influence  of  scientific  ofgiuusa' 
tions  to  make  itself  felt  as  a  real  factor  in  national  education.  They  do 
hot  at  present  think  it  desirable  to  formulate  any  definite  scheme  bj 
Irhich  the  Corresponding  Societies  might  be  of  service  to  the  cavtae  of 
scientific  education.  Some  Societies  might  prefer  to  form  Educational 
Consultative  Committees,  and  to  place  their  services  at  the  disposal  of  the 
Education  Authority  of  their  County  or  Borough.  Others  might  prefer 
that  individual  members  of  their  Societies  should  be  added  to  iSie  Kduoa- 
tion  Committee;  and  others  again  might  prefer  to  act  indirectly  by 
helping  to  foster  public  opinion  in  feivour  of  that  kind  of  education  whid 
it  is  the  chief  function  of  a  scientific  body  such  as  the  British  Associatioii 
to  promote. 

*  We  are  directed  by  the  Council  of  this  Association  to  invite  your 
Society  to  express  its  opinion  on  this  subject  through  its  representative 
at  the  next  Conference  of  the  Delegates  of  Corresponding  Societies^ 
which  will  be  held  at  Southport  on  September  10  and  15,  during  the 
Meeting  of  the  British  Association,  when  the  matter  will  form  a  spedfic 
subject  for  discussion. 

*  for  your  fuller  information  a  copy  of  the  Report  of  the  Committee 
of  Council  of  the  British  Association  is  enclosed  herewith. 

*  We  are,  Sir,  yours  faithfully, 

'  F.  W.  RuDLBR,  Sec.  Corresponding  Soc.  Com.  ^ 
J.  G.  Garson,  Asst.  General  Secretary.' 

The  Committee  have  to  report  that  the  returns  received  from  the 
Corresponding  Societies  show  that  in  some  instances  good  woi^  is  being 
accomplished  locally,  though  in  most  cases  only  to  a  very  limited  extent. 
In  reply  to  a  Circular  of  Inquiry,  eighteen  Societies  state  that  they 
have  done  something  during  the  past  year  in  the  way  of  original  investi- 
gation. The  subjects  which  have  received  most  attention  relate  to  geo- 
logical and  botanical  research. 

A  Circular  similar  to  that  which  was  printed  in  last  year's  Report 
(p.  863)  was  addressed  to  the  Secretaries  of  the  various  Committees  of 
the  Association  and  others  desirous  of  obtaining  the  co-operation  of  the 
Corresponding  Societies,  inquiring  what  assistance  had  been  rend<ml 
by  the  Local  Societies.  It  is  unfortunate,  however,  that  the  replies  to 
this  inquiry  have  not  been  of  a  very  encouraging  character. 

The  Elgin  and  Morayshire  Literary  and  Scientific  Association  has  been 
added  to  the  list  of  Corresponding  Societies ;  the  Cardiff  Natural!^' 
Society  and  the  Natural  History  Society  of  Glasgow  have  been  replaced  ; 
and  tho  WeSt  of  Scotland  Marine  Biological  Association  has  withdnmn. 
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The  Committee  recommend  the  continued  investigation  d  ^e  various 
iBubjects  set  forth  in  Istst  year's  Report  (pp.  852,  853),  with  the  addition  of 
meteorological  observations,  including  especially  records  of  rainfall 

With  regard  to  the  attendance  of  Delegates  at  the  Cociference,  it  is 
desirable  to  point  out  that  each  representative  is  expected  to  be  present 
at  both  meetings.  As  a  matter  of  fact,  however,  many  absent  themselves 
from  one  of  the  two  meetings,  whilst  in  several  cases  the  Delegate  fails 
to  attend  either.     This  was  conspicuously  the  case  at  Belfast. 

The  Committee  greatly  regret  that  oonsiderable  delay  arose  in  the 
issue  of  the  Report  of  last  year's  Conference.  This  delay  was  due  to  the 
failure  of  the  shorthand  ^vriters  at  Belfast  to  send  in  any  Report  of  die 
meeting. 

Several  valuable  suggestions  as  to  subjects  suitable  for  discussion  at 
the  Conference  of  Delegates  have  been  received,  and  the  Committee  have 
decided  that  at  the  Southport  Conference  the  following  subjects  shall 
receive  discussion  : — 

1 .  The  work  of  the  Corresponding  Societies  in  relation  to  scientific 
organisation. 

2.  The  botanical  survey  of  counties. 

3.  Exploration  and  registration  work  for  county  Local  Societies. 


Report  of  the  Con/ere'nces  of  Delegates  of  Corresponding  Societies 
lield  cU  Southporty  September  1903. 

Chairman      .         .         .     W.  Whitaker,  B.A.,  F.R.S. 
Vice-Chairman       .         .     Rev.  J.  O.  Bevan,  M.A.,  F.S.A. 
Secretary        .         .         .     F.  W.  Rudler,  F.G.S. 

The  Conferences  were  held  on  Thursday,  September  10,  and  Tuesday, 
September  15,  at  3  o'clock  p.m.,  in  the  Chapel  Street  Congregational 
Schools. 

The  following  Corresponding  Societies  nominated  Delegates  to  repre- 
sent them  at  the  Conferences.  The  attendance  of  the  Delegates  is 
indicated  in  the  list  by  the  figures  1  and  2  plsuied  in  the  margin  opposite 
to  the  name  of  -each  Society,  and  referring  respectively  to  the  first  and 
second  meetings.  Where  no  figure  is  shown  it  will  be  understood  that 
the  Delegate  did  not  attend.^ 

List  of  Societies  sending  Delegates, 

Andersonian  Naturalists*  Society        .  Rev.  A.  S.  Wilson,  M.A.,  B.Sc. 

Bath  Natural  History  and  Antiqua*  Rey.  C.  W.  Shickle,  M.A.,  F.S.A, 
rian  Field  Club. 

1  Belfast  Naturalists*  Field  Club  .        .  Professor  Gregg  Wilson,  D.Sc, 

1  Belfast  Natural  History  and  Philoso-  Professor  Gregg  Wilson,  D.Sc. 

phical  Society. 

1    2    Berwickshire  Naturalists*  Club   .        ,  G.  P.  Hughes. 

Birmingham  and  Midland  Institute  C.  J.  Watson. 
Scientific  Society. 

1  Birmingham    Natural    History   and  Herbert  Stone,  F.L.S, 

Philosophical  Society. 

Buchan  Field  Club     .        .        »        ,  J.  J'.  Tocher,  F.LC. 

>  The  attendances  are  taken  from  the  Attendance-Book,  which  each  Delegate 
is  expected  to  sign  on  entering  the  Conference.  Digitized  by  CjOOQ  l€ 
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1         Caradoc  and  Serem  Valley  Field  Olab 

1    2    Caidiff  Natuialista*  Societj 

1         Ghester  Societj  of  NatanJ  Bcieoce, 

Literature,  and  Art 
1    2    Croydon  Natural  History  and  Scien- 
tific Society. 
Dorset   Natural   History  and    Anti- 
quarian Field  Club. 
1    2    East   Kent    Hcientific  and    Natural 

History  Society. 
1    2    Elgin  and  Morayshire  Literary  and 

Scientific  Association. 
1    2    Essex  Field  Club        .... 
1    2    Glasgow  Geological  Society 
1    2    Glasgovr  Natural  History  Society 

Glasgow  Royal  Philosophical  Society 
1     2    Halifax  Scientific  Society  . 
1  Hampshire  Field  Club  and  Archaso- 

log^oal  Society. 
1    2    Haslemcre  Microscope  and  Natural 
History  Society. 
2    Hertfordshire  Natural  History  Society 
2    Holmesdale  Natural  History  Club 
1    2    Hull  Geological  Society      . 

Institution  of  Mining  Ensrineers 
1    2    Isle  of    Man    Natural    History  and 

Antiquarian  Society. 
1  Leeds  Geological  Association 

Leeds  Naturalists*  Club  and  Scientific 

Association. 
Liverpool  Engineering  Society  • 
1    2    Liverpool  Geographical  Society . 
2    Liverpool  Geological  Society 
Manchester  Geographical  Society 
1  Manchester  Geological    and  Mining 

Society. 
1    2    Manchester  Microscopical  Society     . 
1  Manchester  Statistical  Society  . 

Midland  Counties  Institution  of  En- 
gineers. 
Midland  Institute  of   Mining,  Civil, 
and  Mechanical  Engineers. 
2    Norfolk    and    Norwich  Naturalists' 
Society. 
1    2    North  of  England  Institute  of  Mining 

and  Mechanical  Engineers. 
1  North  Staffordshire  Field  Club  . 

Northumberland,  Durham,  and  New- 
c4istle-upon-Tyne   Natural  History 
Society. 
1  Nottingham  Naturalists'  Society 

Paisley  Philosophical  Institution 
1    2    Perthshire  Society  of  Natural  Science 
1  Rochdale     Literary     and     Scientific 

Society. 
1    2    South-Eastem    Union   of    Scientific 

Societies. 
1  Southport  Literary  and  Philosophical 

Society. 
South  Staffordshire  and  East  Woroes- 
tershire  Institute  of  Mining  Engi- 
neers. 
Tyneside  G^graphical  Society  .        « 


Professor  W.  W.  Watts.  MJL.  M.&, 
Principal  E.  H.  Grifiltfas,  F.R.8. 
A.  O.  Walker,  F.L,S. 

W.  F.  Stanley.  F.G.S. 

Vaughan  Cornish,  D.Sc.  F.R.G.S« 
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J.  Barclay  Murdoch. 
Peter  Swing,  F.L.S. 
Professor  Archibald  Barr^  D.So# 
W.  Ackroyd,  F.I.C. 

Rev.  A.  G.  Joyce. 

Hon.  Rollo  Russell. 

John  Hopkinson,  ¥,L.^t 
Miss  Ethel  Sargant. 

G.  W.  Lamplugh,  F.G.S. 
Professor  Henry  Louis,  M.A* 
Rev.  S.  N.  Harrison,  B.A 

A.  R.  Dwerryhouse,  M.Sc« 
Harold  Wager.  F.L.S. 

Professor  H.  S.  Hele-Shaw.  F.RS. 
Captain  Phillips.  R.N. 
Joseph  Lomas.  F.G.S. 
Joel  Wainwright. 
James  Tongfe,  F.G.S. 

F.  W.  Hembry,  F.R.M.S. 
Professor  S.  J.  Chapman. 'M. A. 
Professor  H.  Louis,  M.A. 

G.  B.  Walker. 

Frederick  Long. 

John  Gerrard. 

Dr.  Wheelton  Hind,  F.G.S. 
Professor  M.  C.  Potter,  F.L.S. 
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Warwickshire  Naturalists'  and  Arohseo-  William  Andrews,  F.6.8 . 

logisto'  Field  Club. 

1     2    Woolhope  Naturalists'  Field  Club      .  Bev.  J.  O.  Bevan,  F.S.A. 

I    3    Yorkshire  Geological  and  Polytechnic  Professor  P.  F.  Kendall,  F.G.S. 

Society. 

1    2    Yorkshire  Naturalists' Union     .        .  W.  West,  F.L.8. 

1  Yorkshire  Philosophical  Society        .  Rev.  W.  Johnson,  B.A. 

First  Conference f  Septeinber  10. 

This  Conference  was  presided  over  by  Mr.  W.  Whitaker.  The 
Corresponding  Societies  Committee  was  represented  by  Mr.  Whitaker, 
the  Rev.  J.  O.  Bevan,  the  Rev.  T.  R.  R.  Stebbing,  Professor  W.  W. 
Watts,  Mr.  J.  Hopkinson,  and  Mr.  Rudler. 

The  Report  of  the  Corresponding  Societies  Committee  was  read. 

The  Chairman,  after  some  introductory  remarks,  said  that  the  Con- 
ference was  honoured  by  the  presence  of  Sir  Norman  Lockyer,  the 
President  of  the  Association,  who  had  kindly  promised  to  address  the 
Delegates  on  the  necessity  of  organising  science,  with  special  reference 
to  the  question  whether  the  British  Association  can  help  in  any  way,  and, 
if  so,  whether  the  Corresponding  Societies  could  take  any  part  therein. 

Sir  Norman  Lockyer  spoke  as  follows  :  I  should  like  to  say  that  my 
object  in  asking  permission  to  attend  this  meeting  was  to  listen,  and  not 
to  talk.  I  have  never  had  the  privilege  of  attending  a  meeting  of  the 
Delegates  before,  and  I  was  very  anxious  indeed  to  be  aUowed  to  follow 
the  discussion,  in  order  that  I  might  inform  myself  as  to  the  views  of  the 
Delegates  themselves  regarding  some  lines  of  the  work  of  the  British  Asso- 
ciation which  I  ventured  to  refer  to  last  night.  My  own  opinion  is  that 
in  all  these  matters  the  principle  of  organic  growth  should  be  utUised  as 
far  as  possible ;  and  you  may  remember  I  suggested  in  my  address  that  if 
the  British  Association  in  its  wisdom  determines  to  take  any  action  at 
all  in  regard  to  the  formation  of  a  Guild  of  Science,  which  I  hold  would 
be  one  of  the  most  important  things  which  students  of  science  should  do 
at  the  present  time,  it  is  important  to  see  whether  or  not  that  could  best 
be  done  in  connection  with  the  existing  organisation  of  the  Corresponding 
Societies.  It  is  stated  in  the  reports,  and  I  cited  it  in  my  address,  that 
there  are  seventy  societies  affiliated  to  the  British  Association,  and  that 
the  membership  is  something  like  25,000.  I  went  on  to  suggest  in  my 
ignorance  possibly,  that  we  might  very  largely  increase  that  number  both 
at  home  and  abroad,  so  that  ultimately  we  should  have  a  very  large 
membership.  The  reason  I  ventured  to  make  that  suggestion  was 
that  I  felt  the  present  moment  was  very  opportune  for  the  formation  of 
such  a  body,  because  you  have  throughout  the  kingdom,  from  Land's  End 
to  John  o  Groats,  a  great  number  of  Councils — county  councils,  city 
councils,  town  councils,  district  councils,  parish  councils,  and  goodness 
knows  what — and  it  struck  me  that  if  we  could  manage  somehoVr  to  influence 
the  debates  of  these  bodies,  it  would  be  very  much  better  for  science,  and 
ultimately,  I  think,  very  much  to  the  benefit  of  the  Association.  I  am  a 
very  humble  person,  a  very  hardworking  man,  and  I  have  been  working 
for  the  last  forty  years  to  try  in  my  little  way  to  get  adopted  some  better 
views  of  science  in  this  country.  Well,  I  am  a  miserable  failure,  and  aU 
the  people  who  have  made  similar  endeavours  are  like  me — miserable 
failures.  We  have  done  absolutely  nothing.  So  far  as  my  experience 
ffoes,  all  the  attempts  ma(le  by  ipdividuab  during  the  last  forty  veara^ 
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I  can  go  back  forty  years  in  my  own  work — ^haTo  been  praetdeaHy  of  no 
effect,  and  that  was  the  reason  why  I  thought  it  was  possible  that  by 
some  such  organisation  as  I  sketched  last  night  we  mi^t  do  something 
better.  That  *  something  better '  is,  to  put  it  plainly,  looking  after  votes. 
Unless  we  can  control  rotes  in  the  House  of  Commons  and  in  the  Councils 
throughout  the  country  science  will  not  be  any  better  looked  after.  If  we 
can  control  votes  science  will  be  benefited  ;  and  scientific  bodies  from  one 
end  of  the  country  to  the  other,  working  with  a  goal  in  view,  would  be 
a  most  important  factor  in  our  future  national  life.  Of  that  I  am 
perfectly  convinced  ;  but  I  am  only  an  individual,  and  ther^re  I  asked 
permissioii  to  come  and  listen  to  you,  gentlemen,  who  have  had  mom 
experianoe  than  I  can  claim  to  have,  representing  as  you  do  difiTereat 
societies,  familiar  with  the  conditions  in  your  own  localities,  and  therefore 
able  to  say  whether  it  is  possible  to  iafiuenoe  Councils,  and  gradually 
to  infuse  a  scientific  spirit  into  the  county  councils,  the  town  councils, 
and  the  district  councils  of  England.  I  would,  therefore,  if  you  will 
allow  me,  sit  down  and  listen  to  what  any  of  you  may  choose  to  say  with 
r^S^ard  to  the  possibility — or  the  absurdity — ai  attempting  to  carry  oat 
thM  thing. 

The  Chairman  :  I  am  sure  we  all  thank  Sir  Norman  Lockyer  for 
coming  and  speaking  to  us  to  day,  and  for  his  address  of  last  ni^t.  It 
shows  his  confidence  in  the  scientific  societies  of  the  country  and  his 
feeKng  that  the  local  societies  might  do  some  good  work  in  helping  on 
the  cJb^ject  he  has  in  view.  Our  various  societies  are  very  different^ 
{daced,  and  it  is  quite  possible  some  of  the  societies  may  feel  that  ihej 
eannot  do  anything,  whUe  others  may  be  in  a  position  to  influence  local 
opinion  very  considerably  in  educational  matters.  There  must  be  great 
differences  in  these  matters,  and  I  hope  you  will  enter  into  the  discussion 
from  the  standpoint  of  your  own  local  circumstances,  so  that  we  may 
know  the  kind  of  feeling  prevailing  in  different  localities,  the  difficulties 
ia  the  way,  and  possibly  the  manner  with  which  something  can  be 
accomplished.  Of  course  there  will  be  difficulties  in  the  way.  It  is  part 
of  a  great  controversy  ;  but  the  country  being  waked  up,  as  it  were,  on 
the  subject  of  education  on  a  scientific  basis,  I  am  sure  you  will  all  agree 
with  our  President  when  he  says  that  now  is  the  aj^inted  time,  and  it 
is  best  to  strike  while  the  iron  is  hot.  The  year  before  us  is  just  the 
time  when  educational  matters  can  best  be  pushed  forward. 

Principal  £.  H.  Griffiths,  F.R.S.  (Cardiff  Naturalists'  Society)  :  I 
rise  to  speak  as  a  member  of  a  local  society,  though  I  cannot  confine 
myseH  to  that  point  c^  view,  and  would  venture  to  take  a  wider  survey, 
and  say  bow  the  matter  may  be  viewed  in  that  part  of  the  country  in 
which  I  am  most  interested,  the  Principality  of  Wales.  I  think  I  may 
claim  to  have  some  right  to  speak  on  this  matter,  for  I  am  a  member  oi 
sevenJ  educational  authorities  in  South  Wales,  and  happ&fl  at  the 
present  moment  to  be  the  Vice-chancellor  of  the  University.  I  heartily 
agree,  from  the  local  college  or  university  point  of  view,  iha.t  we  can  do 
something  if  we  all  work  together.  But  I  have,  as  some  of  you  know, 
some  hesitation  or  doubt  as  to  the  best  line  on  which  our  energies  can  be 
expended.  I  s<b  not  sure  whether  the  subject  is  so  advanced  as  it 
may  i^pear  to  some  (d  you.  What  we  have  to  do  is  to  educate  the  '  man 
in  the  street,'  and  convince  him  that  pure  science  is  a  good  thing  for  him, 
ap4  tbe^  aU  pu^  difi^oulti^s  ivill  be  swejpt  awa^.    We  w^  tp  b$  al^e  ^ 
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go  to  bim  and  say  that  tke  men  who  are  working  in  the  laboratories  and 
have  laid  the  foondaticHifl  of  the  disooveries  he  uses  in  his  daily  Hie  are 
mem  who  touch  him  very  nearly  and  help  on  his  prosperity  very  greatly. 
ThBJt  is  tiie  kind  of  missionary  effort  in  which  I  believe  every  one  o£  our 
societies  can  heartily  join.  I  have  giv^i  a  little  attention  lately  to  this 
line  of  public  advocacy  in  my  own  distriot,  and  I  have  found  men* 
partioolariy  working  men,  very  willing  to  listen  to  aach  arguments, 
and  if  we  can  place  before  them  definite  examples,  showing  them,  for 
instanoe,  in  regard  to  electricity,  how  much  ffaraday  working  in  his 
laboratory  did  in  pr^aring  the  way  for  them  to  earn  their  living,  the 
won  will  be  easy.  Ijiat  will  make  them  see  that  science  is  a  real  thing 
in  their  daily  lives  and  an  important  factor  in  the  prosperity  of  the 
country.  The  first  point,  then,  is  to  see  if  our  societies  cannot  act  as 
misrionary  societies  throughout  the  country  in  bringing  home  to  the 
working  classes  the  real,  live,  not  sentimental,  business  benefits  which 
result  from  the  study  of  pure  science  and  research.  We  have  the 
academic  professor  who  loves  and  talks  about  the  work,  and  we  have  the 
^  man  in  tae  street '  who  takes  a  peculiar  pride  in  declaring  that  he  is  a 
practical  man ;  but  there  is  no  one  to  act  as  a  go-between,  bringing  the 
two  together,  and  showing  that,  after  all,  theory  is  a  real  and  practical 
thing.  There  is  a  danger  at  the  present  moment,  when  academic  fiscal 
questions  are  being  so  much  discussed,  of  getting  entangled  in  one  or 
other  of  the  great  political  parties.  If  we  take  part  in  the  discussion, 
and  back  any  definite  policy,  there  is  great  danger  of  the  want  of  wisdom 
of  the  lew  wrecking  the  success  of  the  whole  movement,  or  doing  untold 
injury  for  a  kng  time  to  come.  It  is  very  necessary,  therefore,  that  we 
should  pay  particular  attention  to  our  steps,  and  carefuUy  avoid,  as  our 
President  so  admirably  did  last  night,  any  reference  or  assumption  which 
can  be  put  down  to  pcJitical  views  or  political  advocacy.  If  it  is  possible 
to  frame  a  line  of  action  in  that  way  we  shall  keep  clear  of  political 
entanglements,  and  we  shall  have  the  opportunity  and  the  power  of 
securing  some  of  the  objects  we  have  in  view.  I  venture,  with  the 
greatest  diffidence,  to  difier  from  our  President  as  to  putting  forward  our 
object  so  prominently.  It  is  quite  true  we  want  to  catch  votes,  but  if 
we  start  ont  with  that  as  our  avowed  object  we  shall  lessen  our  chance  of 
suceess.  Let  ua  appeal  to  the  '  man  in  the  street  *  on  the  facts  which 
must  convince  him  that  science  is  ol  abiding  benefit  to  him  in  his  daily 
life.     Let  us  get  him  imbued  with  that  idea,  and  votes  will  follow. 

Mr.  W.  F.  Stanley  (Croydon  Natural  History  and  Scientific  Society)  : 
Principal  Griffiths  has  spoken  about  the  '  man  in  the  street,'  but  if  v/e 
oMdd  just  commence  the  study  ol  science  with  the  *  boy  in  the  street  *  we 
shoukl  be  getting  a  step  forward.  J^  long  as  our  schools  adhere  to  the 
one  shnple  rule  of  teaching  reading,  writing,  and  arithmetic  according  to 
the  old  original  code,  wblch  has  been  relaxed  <Mily  very  little,  we  shaU 
l>ever  get  a  taste  for  science  among  our  population.  I  have  noticed 
that  alter  teaching  the  children  reading,  writing,  and  the  old-fashioned 
furithmetic,  together  with  a  large  amount  of  grammar — much  more  than 
I  ever  aequiml  myctelf — they  develop  a  taste  lor  a  certain  class  of 
literatnee^  and  many  of  these  scholars  become  writers  for  the  penny 
joomals.  If  we  bad  taken  the  same  amount  of  pains  to  give  these 
daklren  ednoational  tastes  as  I  have  seen  done  in  Norway  and  in  Germany 
k  would  have  been  much  better.  I  should  Hke  to  see  the  children  in  our 
pckools  ti^u^ht  tb©  thift^  vbicb  surround  theWj  V\i  the  principles  of 
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those  things,  for  if  ouoe  a  boy  is  taught  these  things  he  takes  a  violBat 
interest  in  them,  more  so  thsji  one  would  imagine.  Any  litUe  chemical 
experiment  greatly  interests  a  boy.  If  you  show  him  the  escapemeat  ol 
a  watch,  he  will  at  once  take  an  interest  in  docks,  and  he  will  have 
gained  his  first  taste  in  the  rudiments  of  mechanics.  Teach  him  a  little 
about  electricity,  and  he  will  take  a  great  interest  in  that  subject :  ha 
will  spend  his  pocket  money  in  buying  an  electric  bell  for  the  cottage^ 
or  knock  one  together  for  a  shilling  or  so,  and  that  will  give  him  his 
start  in  science.  I  want  to  say  what  we  are  doing  at  the  present  time;, 
and  to  call  the  attention  of  this  Conference  to  it.  A  large  number  of  oor 
ffocieties  exist  merely  for  a  certain  object.  Many  of  them  are  collectiiig 
societies,  botanical  or  geological,  or  are  interested  in  photography.  We 
have  in  my  particular  district,  the  Croydon  district,  some  2,000  studrnta 
studying  science  at  the  polytechnics.  If  the  local  societies  would  affiliate 
themselves  in  any  way  through  their  committees  to  the  polytechniosi 
they  would  be  able  in  some  way  to  draw  the  strings  together  in  tlie 
manner  Sir  Norman  Lockyer  has  suggested.  But  what  strikes  me  am 
being  what  working  men  require,  and,  in  fact,  what  we  all  require,  is  to 
have  some  initiatory  system  in  order  to  gain  a  taste  for  science.  I  have 
been  much  surprised  at  the  very  excellent  results  of  our  polytechnics. 
I  am  sure  anyone  who  has  read  or  even  looked  through  the  papers  on 
science,  will  say  that  very  able  work  is  being  done  in  my  own  particular 
district,  which  is  most  gratifying.  There  are  10,000  inhabitants  in  ihm 
immediate  neighbourhood  of  South  Norwood,  and  we  have  over  1,200 
class  entries,  which  shows  that  1 2  per  cent,  of  the  people  are  taking  an 
interest  in  science.  I  think  if  our  societies  can  affiliate  themselves  to  the 
polytechnics,  and  have  representatives  on  the  committees  of  these  societies^ 
which,  so  far  as  I  am  aware,  are  very  anxious  for  their  admission,  we 
shall  have  begun  to  unite  our  societies  together,  and  we  shall  be  able  to 
draw  them  to  a  focus. 

Mr.  Garstang  (Southport  Literary  and  Philosophical  Society) :  As  I 
have  been  invited  to  attend  this  Conference  I  will  explain  what  our  local 
society  is  doing.  Our  society  is  about  twenty  years  old,  and  we  have 
done  useful  educational  work.  We  have  influenced  the  town  council, 
because  in  the  first  instance  we  started  the  science  and  art  classes  which 
have  since  been  taken  over  by  the  town  council ;  and  also  another  work 
which  is  hardly  municipal,  the  University  Extension  Lectures,  which 
have  recently  been  taken  over  by  an  association  formed  for  the  purpose, 
with  the  result  that  Southport  is  now  one  of  the  most  successful  cttitres 
in  England.  After  listening  to  the  President's  admirable  address,  I 
thought  how  we  could  effect  the  particular  object  of  influencing  public 
local  opinion.  It  occurs  to  uie  that  if  local  opinion  is  influenced  it 
.will  be  principally  by  local  organisations  influencing  the  votes  of 
members  of  local  bodies.  The  President  subsequently  voiced  this  par- 
ticular idea,  and  I  do  not  see  why  a  scientific  society,  not  associated 
with  any  particular  party,  should  not  try  to  influence  local  opinion 
in  this  respect.  I  hope  the  scheme  will  be  given  a  very  earnest  trial, 
and  that  it  will  be  attended  with  successful  results.  It  seems  to  me  that 
in  municipalities  a  great  object  would  be  achieved  if  it  were  possible  to 
influence  the  opinions  of  the  town  councils  and  the  district  councils — 
those  Ixxlies  which  have  it  in  their  power  to  put  into  force  the  proviaioiis 
of  the  Technical  Instruction  and  kindred  Acts  relating  to  the  promotion 
|ind  Qdvanqement  pf  science  in  the  locality,     ^s  to  returning  special 
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membeni  to  a  town  counoil,  I  think  that  might  be  a  difficult  matter, 
because  a  member  is  elected  for  a  particular  ward,  and  you  could  not 
possibly  get  the  sdentifio  opinion  of  a  town  focussed  on  a  particular 
ward  or  candidate.  The  Southport  Society  is  very  pleased  indeed  to  have 
been  able  to  bring  the  British  Association  to  Soatlq>ort,  and  on  behalf  of 
our  local  Society  I  heartily  welcome  the  Delegates. 

Professor  J.  W.  Carr  (Nottingham  Naturalists'  Society)  :  It  may 
possibly  be  c^  some  use  if  I  state  what  we  have  been  doing  at  Notting- 
ham for  some  years  past.  The  Nottingham  University  Coll^fe,  an 
extremely  flourishing  institution,  well  equipped  with  scientific  laboratories 
and  a  good  natural  history  museum,  really  arose  out  of  the  eflforts  of  the 
old  local  Natural  History  Society,  which  managed  to  get  the  corporation 
so  interested  in  scientific  matters  that  they  ultimately  founded  what  is 
possibly  the  only  institution  of  a  university  character  in  this  country 
which  owes  its  inception  to  the  corporation  of  the  locality.  As  many  of 
you  know,  we  have  for  many  years  been  doing  our  best  to  promote 
scientific  work  of  all  kinds,  and  I  think  we  may  say  that  we  have  sue- 
ceeded  in  creating  a  great  deal  of  interest,  and  that  we  have  some  local 
influence  on  the  constitution  of  the  new  educational  bodies  which  are 
springing  up  all  over  the  country*  Myself  and  two  of  my  brother-pro- 
fessors have  been  put  on  the  educational  bodies  of  neighbouring  boroughs, 
and  there  is  a  ccmstant  demand  for  advice  on  such  matters  as  the  creation 
and  equipment  of  scientific  laboratories.  At  the  present  moment  Ilkeston 
is  just  considering  tlie  question  of  building  a  large  science  school  with 
chemical,  physical,  and  even  biological  laboratories — a  remarkable  thing  for 
a  borough  of  less  than  10,000  inhabitants.  That  is  the  way  of  attaining 
the  object  Sir  Norman  Lockyer  has  at  heart.  We  are  trying  to  get  hold  of 
the  *  man  in  the  street,'  and  also  the  children.  We  have  a  day  department 
in  our  college,  with  120  students,  who  come  for  two  years'  training,  and 
are  replaced  by  a  similar  number.  Almost  the  whole  of  these  are  to 
enter  on  elementary  teaching  after  going  through  a  certain  amount  of 
science  work.  These  people  then  go  out  into  the  public  schools  of  the 
neighbourhood,  and  endeavour  in  their  tarn  to  create  an  interest  in 
scientific  matters  among  their  pupils.  One  of  the  best  features  of  their 
work  is  that  they  are  allowed  by  the  education  committee  to  bring  their 
scholars  once  a  week  to  the  University  College  to  inspect  the  museum, 
and  even  the  laboratories,  and  those  of  us  who  are  able  to  do  so  take 
them  round  the  institution  and  point  out  to  them  the  features  of  special 
interest,  as  well  as  things  which  have  a  direct  bearing  on  their  work  and 
on  the  industries  and  trades  of  the  locality.  Further,  we  supplement 
our  purely  academic  work  by  public  lectures  on  scientific  subjects  specially 
addressed  to  working  men.  We  get  very  large  audiences,  and  the  men 
take  a  great  interest  in  what  we  are  doing.  I  believe  in  that  way  we 
are  creating  a  kind  of  constituency  from  which  we  expect  to  get  good 
results  in  the  future. 

The  Bev.  J.  O.  Bevan  (Woolhope  Naturalists'  Fiekl  Club) :  We  are 
all  very  much  indebted  to  our  President  for  opening  the  discussion  on 
this  subject.  I  have  a  feeling,  however,  that  the  proposition  is  a  little 
nebulous  at  present,  and  before  we  discuss  the  matter  further  I  think  we 
should  have  before  us  some  suggestion  of  a  definite  character,  around 
which  our  thoughts  might  be  suffered  to  crystallise.  But  one  takes  a 
grain  of  comfort  tram  the  thought  that  if  any  Guild  c^  Science  be 
-f  pnp4ed  upder  tba  auspices  he  suggests,  the  British  Association  and  the 
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Oorrapondmg  Societies  would  kare  a  oonsiderabfe  share  in  the  dureotiaa 
o^  maAten.  Apart,  however,  from  all  that,  it  would  seem  to  be  the  oaae 
that  even  under  existing  circnmstanoes  a  great  deal  might  be  done.  I  am 
aware  many  opportunities  have  been  allowed  to  slip  in  tiie  pasmng  of  the 
Blementaiy  Education  Act  of  1870^  the  Welsh  Edvoation  Act  of  188d, 
the  Technical  Education  Act  of  13dl,  which  gave  local  authcNitieB  power 
to  spend  enormous  sums  of  money,  the  Education  Act  of  1902^  and,  last 
year,  the  London  Education  Act.  These  all  pnovida  for  the  constitution  of 
a  large  number  of  new  bodies,  and  the  collaboration  of  work  in  connectioii 
with  existing  bodies,  and  as  matters  now  stand  one  would  be  inolinad  to 
believe  that,  if  eoncerted  efibrt  of  an  intdligent  chavaoter  could  be  anraAged 
in  different  nttghbonrhoods,  it  might  be  poraible  to  obtain  extended  powers* 
Some  of  these  bodies  have  technical  committees,  and  to  these  oatsiders 
are  sometimes  oo-(^ted,  so  that  there  is  no  reason  at  all  why  some  concerted 
efibrt  could  not  be  made  by  persons,  acientafic  and  otherwise,  in  a  neigh- 
bourhood in  order  to  provide  for  the  co-operation  of  all  persons  w^- 
disposed  towards  science.  Sir  Norman  Lookyer  is  disappomted  tikat  so 
little  has  been  dcme  during  the  last  forty  years.  We  all  share  that 
Reappointment,  for  it  is  very  real,  but  I  am  afraid  our  present  effort  is 
ten  or  fifteen  years  too  late.  Schemes  are  now  bdng  formulated  and 
elaborated,  but  it  is  a  difficult  matter  to  interfere  with  the  oonstitatiQii  of 
existing  schemes.  It  has  been  suggested  that,  in  addition  to  these  various 
bodies,  partly  elected  and  partly  co-opted,  consultative  committees  shondd 
be  formed.  I  have  not  much  opinion  of  tiie  vidue  of  consultative  oom- 
mittees,  for  the  bodies  formed  by  these  local  auUiorities  would  be  jealoQs 
el  aUowing  such  a  committee  to  interfere  with  their  deliberations  and  the 
spending  of  money.  They  would  not  be  allowed  to  have  a  definite  voioe 
in  the  management  of  their  a&urs,  and  in  a  few  years  the  consultative 
committee  would  become  practically  defunct.  One  thing  to  be  noticed  in 
relation  to  this  subject  is,  we  are  not  only  concerned  with  the  elementaiy, 
but  with  secondary  schook,  and  it  is  a  much  more  difficult  matter  to  deal 
with  them,  because  the  organisation  of  secondary  scbook  is  not  so  complete. 
There  is  a  third  set  of  schools  which  present  sa  even  greater  difficulty, 
and  that  is  the  private  schools.  Of  these  there  are  something  like  8,000, 
in  which  the  boys  and  girls  of  a  large  number  oi  our  members  are 
educated,  but  owing  to  the  lack  of  organisation  it  is  difficult  to  efieot  any 
change  in  the  course  of  instruction  introduced  into  these  schools.  And 
yet  it  is  a  most  important  matter.  Why  should  not  these  children  be 
educated  in  the  elementary  principles  of  science  9  Yet  apparently  nothing 
can  be  done.  If  a  resolution  is  formulated  some  of  these  eventualities 
may  be  ooniiderecL  Further,  science  is  often  at  a  discount  in  the  minds 
of  the  public  because,  as  a  matter  of  fact,  the  science  whioh  is  tau^it  in 
some  of  our  schools  is,  not  to  put  too  fine  a  point  on  it,  no  science  at  alL 
We  want  it  taught  by  well-trained  teachers,  rather  than  that  the  children 
should  be  crammed  with  certain  facts  of  science  by  a  teacher  who,  beeanee 
he  has  just  taken  a  course  of  twelve  lessons  in  agriculture,  for  example,  is 
supposed  to  knew  all  about  the  nature  of  the  soil,  the  value  of  manures, 
the  rotation  of  crops,  and  so  on.  As  a  matter  of  fact  he  knows  very 
little,  and  parents  unite  in  holding  him  up  to  scorn.  I  do  not  want  a 
oook  who  can  present  yards  of  cert^eates,  and  yet  spoils  my  dinner. 
Science  is  at  a  disadvantage.  Let  us  be  careful ;  we  not  only  want 
science  taught,  but  we  want  it  taught  in  a  proper  scientific  way. 

Pix^esspr  Wf  Wr  Watts  (Caiwtoc  and  Severn  Valley  FiehJ  CMb) ; 
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Ab  President  of  the  Seotion  of  Geology  I  have  been  making  m  strong 
appeal  for  Uie  teaching  of  geology  in  teohnioal  colleges  and  oniver* 
sities,  and  I  have  app^ed  in  this  way  because  I  oonaider  it  a  science 
which  can  be  taught  with  very  little  apparatus,  it  leads  to  a  life  in  the 
open-air  in  its  practice,  and  it  is  an  a(unirable  training  in  the  coUeotioii 
of  facta,  and  of  fact  pure  and  simple.  More  than  half  the  real  work — in 
fact  the  greater  part  of  a  scientific  man's  work — consbts  in  the  collection 
of  accurate  facts,  and  geology  affords  an  admirable  instance  of  a  science  in 
which  there  is  a  host  A  new  facts  waiting  to  be  collected.  But  no  science 
stops  here.  It  has  to  collect  the  facts,  ajid  then  pick  out  those  which 
are  really  of  use.  It  is  only  the  exceptional  facts  which  are  illuminative^ 
and  from  which  it  is  possible  to  draw  hypotheses.  In  geology  one  has 
the  constant  opportunity  of  exercising  the  faculty  of  theorising,  because 
in  this  science,  perhaps  more  than  in  any  other,  one  requires  a  constant 
soocession  of  theories.  Then  I  may  point  out  the  enormous  economical 
value  of  this  science  to  the  nation  as  a  whole.  The  p<^ulation  has 
increased  five  times  since  the  industrial  development  of  our  iron  and  coal 
resources  c<Hnmenced.  That  is  entirely  due  to  the  develc^ment  of  our 
mineral  resources,  which,  sad  to  say,  have  been  and  still  are  being 
fihockingly  wasted.  The  waste  in  looking  for  coal,  in  getting  it,  and  in 
using  it,  is  appalling.  One  way  of  diminishing  this  wUl  be  to  stop  the 
waste  of  exploration,  and  for  this  we  want  better  geological  education 
of  our  engineers  and  others  who  have  to  do  with  the  resources  at  different 
stations.  Now  there  are  hosts  of  individuals  who  have  made  enormous  pro^ 
fits  out  of  this  knowledge.  In  America  they  are  using  this  knowledge  up 
to  the  hilt,  making  use  of  every  observation  by  the  United  States  Survey 
and  of  individuals.  These  opportunities  are  being  jumped  at  in  every 
direction — in  the  search  for  coal,  iron,  gas,  water,  oil,  and  precious  metals  ; 
they  know  that  this  work  is  going  to  bring  Uiem  wealth,  and  they  encourage 
itw  Very  soon  they  will  put  us  out  of  the  markets  entirely.  Let  us 
put  some  of  the  profit  back  again  in  the  business  and  develop  it  further. 
It  is  the  knowledge  of  these  facta  which  has  given  certain  individuals 
their  profit ;  it  has  given  the  State  profit  and  brought  it  into  a  prominent 
position  in  the  world.  It  seems  to  me  that  hoih  the  individual  and  the 
State  should  give  back  some  of  these  savings,  in  the  form  of  encouraging 
the  acquisition  of  further  knowledge  of  the  resources  of  the  country, 
because  the  problems  that  are  going  to  face  us  in  the  future  are  infinitely 
more  difficult  than  those  of  the  past.  If  we  are  to  make  as  much  use  as 
possible  of  the  resources  remaining  a  great  expenditure  will  be  necessary. 
Our  national  resources  should  be  carefully  guarded  against  the  shocking 
waste  of  our  previous  explorations.  The  spread  of  a  knowledge  of  geology 
is  one  of  the  ways  in  which  this  can  be  done,  and  we  want  the  State  to 
kelp  in  the  matter. 

The  Rev.  W.  Johnson  (Yorkshire  Philosophical  Society),  said  :  It 
may  lie  of  interest  to  hear  some  of  the  difficulties  which  beset  the  heaa 
master  of  a  science  school.  There  is,  first,  the  difficulty  with  the  boy. 
Unless  you  can  interest  boys  in  science  they  are  unwilling  to  take  up  any 
scientific  subject;  but  if  you  can  convince  them  that  there  is  a  post 
waiting  for  them  at  the  end  of  their  school  career,  they  will  give  them- 
selves  to  the  study  of  science  with  oonsideraUe  zeal.  But  there  is  a 
strong  <^Mnion  that  the  ooly  subjects  which  should  be  taken  are  those 
which  are  necessary  to  enable  them  to  enter  on  one  particular  profession. 
Where  a  scientific  subject  comes  in  they  will  work  \mrd^  but  if  you 
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introduce  a  subject  from  a  pure  desire  to  improve  the  mind  and  better 
the  quality  of  the  education  you  cannot  get  them  to  do  welL  In  my 
school  you  can  divide  the  bovs  into  two  distinct  classes — those  who  pay 
fees  and  those  who  come  with  scholarships  from  the  elementary  or  other 
schools.  The  dividing-line  is  very  distinct.  When  we  present  them  for 
examinations,  the  bovs  who  come  from  the  schools  do  us  credit,  and  those 
who  do  not  are  for  the  most  part  the  sons  of  parents  who  pay  fees.  There 
is  in  the  minds  of  the  lower  middle-class  people  the  belief  that  educa- 
tion oug^t  to  lead  to  success  in  life,  and  that  only  such  subjects  should 
be  taken  as  will  fit  them  to  take  a  useful  place  in  business.  One  of  the 
heads  of  an  important  railwav  company  came  to  me  some  time  ago,  and 
asked  what  education  I  woula  give  his  boy.  When  I  told  him,  be  said 
scientific  subjects  were  useless  ;  what  he  wanted  was  typewriting,  short- 
hand, bookkeeping,  and  commercial  correspondence.  Thus  we  have  the 
example  of  a  man  in  a  high  position  who  at  once  cuts  the  ground  from 
under  your  feet  by  saying,  '  Bwarf  down  my  boy,  and  only  fit  him  for 
taking  a  place  in  my  office  and  working  his  way  to  a  position  under  me.' 
If  there  are  many  in  the  country  like  that  we  have  not  much  chance  of 
giving  a  scientific  education.  Another  difficulty  is  in  regard  to  the 
eo-optive  member  for  secondary  schools.  Judging  from  the  action  of  the 
committee  to  which  I  have  been  co-opted,  I  t^ink  they  intend  me  to  be 
a  sleeping  partner,  but  I  need  hardly  say  that  that  is  not  my  intention. 
I  think  it  is  a  great  mistake  in  the  Education  Bill  that  the  care  of  scientific 
education  is  committed  to  town  councils.  It  is  a  mistake  to  suppose  that 
German  secondary  education  is  so  much  better  than  that  given  in  England. 
I  have  a  friend  in  Bavaria  who  was  recently  sent  by  the  Bavarian 
Government  to  inspect  our  science  schools.  He  lived  with  my  brother  in 
Dublin  for  some  time,  and  then  with  me  in  Yorkshire,  and  he  has  this 
year  been  lecturing  in  Vienna  and  elsewhere  on  scientific  education,  with 
pictures  of  laboratories  of  English  schoola  He  has  had  views  taken  of 
the  Leeds  Higher  Grade  School,  my  own,  and  those  he  saw  in  London. 
All  these,  he  says,  are  in  advance  of  those  in  Germany,  so  that  we  need 
not  be  dismayed.  We  should  endeavour  to  get  pressure  from  the 
Legislature  on  the  county  councils  and  the  town  councils,  and  thus 
make  provision  for  secondary  and  technical  education.  The  Societies 
we  represent  have  been  much  to  blame  in  not  developing  a  liking  for 
science  among  the  young.  You  have  thousands  of  specimens  in  your 
museums  which  you  can  put  before  your  children.  You  have  able  men 
who  can  lecture  to  them  in  the  halls  of  your  museums  on  its  botanical, 
geological,  or  other  features.  There  has  been  an  excellent  use  made  of 
the  Leeds  Museum  by  its  librarian,  Mr.  Crowther,  and  myself,  and  if  you 
have  not  read  any  accounts  of  the  work  before,  I  advise  you  to  put 
yourself  into  communication  with  someone  in  Leeds,  and  see  what  is  being 
done  there. 

The  Chairman  :  I  am  glad  to  hear  that  the  poljrtechnics  are  doing 
such  good  work.  The  remark  that  we  have  not  developed  sdenoe 
among  the  young  is  true  generally,  but  it  is  not  true  in  every  case.  At 
Croydon  we  have  started  a  junior  class  of  members,  and  hope  it  will  work 
well.  The  young  members  pass  into  the  society  when  they  attain 
a  certain  age  ;  they  become  full  members  without  any  process  of  electiiHi, 
merely  by  doubling  their  subscriptions.  That  is  a  point  societies  may 
take  up  in  getting  hold  of  the  young.  If  you  can  offer  prizes  for  collec- 
tions of  photographs  cht  natura]  objects  you  will  ^o  well    Op  the  ^t)o}e 
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We  seem  to  have  had  a  very  good  diactission,  and  I  hope  you  wiU  coniinae 
it  in  your  several  societies.  In  approaching  your  winter  sessions  bring 
this  before  the  standing  committees,  and  you  will  be  able  to  do  a  great 
deal  of  good. 

The  Chairman  then  read  the  following  resolution,  which,  he  said,  had 
been  passed  by  every  Section  that  morning  :  *  That,  as  urged  by  the 
President  in  his  address,  it  is  desirable  that  scientific  workers  and  persons 
interested  in  science  be  so  organised  that  they  may  exert  permanent  in- 
fluence on  public  opinion,  in  order  more  efiectively  to  carry  out  the  third 
object  of  this  Association,  originally  laid  down  by  its  founders,  viz.  "  To 
obtain  a  more  general  attention  to  the  objects  of  science  and  the  removal 
of  any  disadvantages  of  a  public  kind  which  impede  its  pn^gress,"  and  that 
the  Uouncil  be  asked  to  take  steps  to  promote  such  organisation.' 

The  motion  was  then  put  from  the  Chair  and  carried  unanimously. 

Mr.  J.  Hopkinson  (Hertfordshire  Natural  History  Society) :  I  should 
like  to  refer  to  a  practical  matter  connected  with  this  resolution.  To 
make  it  more  widely  known  the  delegates  should  be  asked  not  only  to 
bring  this  before  tiieir  Societies,  but  to  see  that  it  is  printed  in  the 
proceedings  or  transactions  of  their  Societies.  I  hope  this  will  be  an 
elBTective  way  of  bringing  this  resolution  before  the  notice  of  the  25,000 
members  represented  by  the  Corresponding  Societies  Committee^ 

Mr.  W.  M.  Rankin  then  read  the  following  Paper  : 


The  Methods  and  ResulU  of  a  Botanical  Survey  o/Cotmtie$» 
By  W.  MuNN  Eankin,  B.Sc.(Lond.) 

During  the  current  year  two  papers  dealing  with  the'  Distribution  of 
Vegetation  in  the  West  Hiding  of  Yorkshire  have  been  published. 
These  constitute  the  first  instalment  of  a  Botanical  Survey  of  Ensland 
cmd  Wales.  The  late  Robert  Smith,  of  Dundee,  similarly  issued  two 
maps  dealing  with  the  Edinburgh  District  and  North  Perthshire ;  a 
third,  treating  Forfar  and  Fife,  will  be  published  early.  Surveys  of  areas 
in  Westmorland  and  Somerset  are  in  an  advanced  state.  In  all,  the 
survey  of  over  4,000  square  miles  has  been  completed.  It  will  be  seen, 
therefore,  that  the  project  on  which  four  or  five  of  us  have  embarked  is 
no  untried  venture.  On  the  contrary,  the  main  ground-lines  of  the 
research  have  been  established,  the  values  of  numeroiui  factors  have  been 
weighed,  and  the  significance  of  a  vast  number  of  problems  has  been 
grasped.  The  present  time,  following  so  soon  on  the  completion  of  the 
two  Yorkshire  areas,  seems  most  opportune  for  endeavouring  to  interest 
the  great  body  of  naturalists  in  our  work,  not  only  passively,  but  also 
actively,  so  that  throughout  the  kingdom  the  work  may  be  carried  on. 

Putting  the  matter  simply,  the  chief  object  of  the  survey  of  vegetation 
is  to  reduce  to  certain  well-defined  terms  the  vegetation  of  a  county,  and 
then  to  examine  the  biological  features  of  each  such  terra. 

The  most  unscientific  observer  on  a  visit  to  some  district  new  to  his  ex- 
perience, and,  better,  when  forming  a  memory-picture  of  his  own  homeland, 
states  the  scenery  in  more  or  less  general  terms  of  geology  and  botany.  He 
remarks  the  hills  with  their  crags  and  glens  covered  with  heather  or 
grass,  the  valley-slopes  strewn  with  rock  c^ris  and  thin  woods,  the  broad 
alluvial  river-*  bottoms,'  in  which  stand  extensive  park  woods;,  or  the 
gently  undulating  plains,  rich  with  cereals,  luxuriant  hedgerows  and 
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wooded  coifitnoiiVv     DescriptioztB  o£  seenerj  found  in  novels  and  twoks  of 
travel  are  constructed  on  tiiese  lines. 

Of  late  years  much  has  been  written  concerning  the  causes  of  scenerf, 
regarded  almost  entirely  from  the  aspect  of  the  geologist.  To  nm^  working 
amongst  the  mountains  of  the  Grampians  and  the  Pennines,  this  view  has 
been  extended,  and  a  method  has  slowly  evolved  itself  of  regarding  ikt 
scenery  as  a  function  of  the  vegetation  as  well  as  of  the  rocks.  Nor  is 
this  aU  ;  further  points  of  view  have  presented  themselves.  There  is  that 
of  the  meteorologist,  who  thinks  of  plant-life  as  affisoted  by  climate,  by 
sunshine,  by  elevation  ;  that  of  the  geologist,  who  notices  startling  varia- 
tions of  vegetation  accompanying  changes  in  subjacent  soil  or  rocks  ;  that 
of  the  geographer,  who  sees  in  woods  and  pasture  items  building  up  a 
landscape ;  that  of  the  agriculturist  and  forester,  who  seeks  to  get  the  best 
value  out  of  his  land,  be  it  meadow,  hill,  pasture,  or  cragside  ;  that  of  the 
economist,  who  sees  one-time  wheat-fields  pasturing  for  sheep,  and  fields 
running  back  ix>  the  moorland  from  which  a  century  ago  they  were  won  ; 
and,  finally,  there  is  the  point  of  view  of  the  scientist,  comprehending  moat 
of  the  above,  who  draws  deductions  arising  from  a  consideration  of  the 
climatic,  geologic,  and  human  influences  on  the  one  hand,  and,  on  the 
other,  of  the  numerous  biological  laws  governing  the  growth,  food,  repro« 
duction  and  dispersal  of  the  ultimate  units,  the  individual  plants  them- 
selves. 

Probably  to  a  stranger  it  would  seem  next  to  impossible  to  disentangle 
the  medlev  of  plant-groupings  which  constitute  the  vegetation  of  a  country- 
side. Still,  in  that  somewhat  difficult  area,  the  West  Riding,  one  can  dis- 
tinguish some  fifteen  groupings  or  associations,  whose  limits  are  generally 
well  marked.  Regarding,  in  the  first  place,  the  well-known  moorlands,  five 
types  are  seen  :  these  are  the  bilberry  summit,  the  cotton-grass  moss,  the 
heather  moor,  the  grass  heath,  and  the  limestone  hill-pasture.  Woods 
are  divisible  also  into  five  groups  :  coniferous,  upland  and  lowland  oak, 
ash-hazel  copse,  and  beech.  The  areas  of  cultivation  are  the  lowland  wheat 
and  the  upland  oats.  In  a  few  places  a  lowland  swamp-vegetation  is 
developed. 

Most  of  the  fifteen  or  so  groupings  can  be  recognised  easily  by  the 
dominant  plant ;  others  by  the  circumstances  and  conditions  of  their 
positions.  An  example  of  the  former  is  the  heather  moor,  in  which 
Ccdluna  or  ling  is  the  predominant  shrub.  Under  its  shelter  are  many 
other  species,  such  as  bilberry,  cross-leaved  heath,  cranberry,  crowberry, 
mat-grass,  bracken,  &c.  Calluna  is  termed  the  dominant  plant ;  the 
others  are  sub-dominant.  Examples  of  the  groupings  which  are  not  repre- 
sented with  that  comparative  ease  observed  above  are  the  wheat  and  oat 
areas.  The  farmland  is  subdivided  into  these  two  zones,  wheat  being 
taken  ad  the  indicator  plant,  following  its  general  recognition  as  such  in 
existing  vegetation-maps  on  much  smaller  scales.  The  distribution  does 
not  depend  on  soils  alone,  and  one  must  look  more  to  climatic  factors  as 
determining  its  range  ;  these  are  chiefly  the  average  summer-temperature 
and  annual  rainfall.  By  actual  observations  of  high- placed  wheat- fields, 
investigation  of  parish-records,  the  cataloguing  of  arable  weeds,  and  witit 
the  help  of  meteorological  data,  the  limit  of  the  wheat-area  and  oat-area 
has  been  fixed,  though  not  with  that  accuracy  possible  with  upland  vege- 
tation. In  lowland  districts,  it  seems  as  if  whole  counties  must  oomo 
under  the  designation  of  the  wheat-type.  This  brings  me  to  a  ohief  pointy 
which  must  not  be  lost  sight  of.     The  mapping  of  a  lai^  area  is  not  the 
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oiily  end  sought.  In  snrv^eyifig  any  district,  moortamd,  W(io<&&tid(  <fr 
-Wheatland,  extensive  notes  are  taken  of  the  naturiB  of  the  plant-associa- 
tions and  the  various  conditions  nnder  which  they  exist,  tn  order  thtft 
our  conclusions  may  be  sounder,  excursions  are  taken  at  all  times  of 
the  year.  Notes  taken  in  one  district  are  compared  with  those  taken 
in  another,  and  similar  one.  Thus  a  general  Kst  of  plants  representative  of 
the  association  or  area  is  finally  arrived  at.  In  a  similar  way  are  built 
up  the  lists  of  plants  for  all  associations,  and  information  obtained  coti- 
o^ming  their  biological  conditions. 

It  will  readily  be  seen  that  by  our  methods  the  plaait-speoies  inhabHing 
a  district  are  arranged  in  the  associations  as  they  at^  actuaUy  founds  and 
not,  as  is  almost  invariably  the  case  in  loctil  floras,  in  the  gtympitigs  <k  the 
Natural  Owiers.  In  certain  ways  this  alternative  point  of  view  is  very 
advantageous,  alike  to  the  beginner  whom  it  is  sought  to  interest  in 
Nature  study  as  to  the  maturer  naturalist,  who  can  find  in  the  solution  of 
ffRcoiogicaX  problems  motive  for  endless  study  and  enjoyment.  There  is  a 
dat^r  of  thinking  that  the  robbing  a  countryside  of  its  rarest  plants,  to 
be  carried  home^  dried,  labelled,  and  buriecl  in  sheets  of  paper,  is  tile 
banning  and  end  of  botany.  The  present  method  puts  no  pren^um  on 
this  j  the  commoner  plants  are  the  most  observed,  and  yet  there  is  a  place 
in  our  scheme  for  the  rarest.  By  regarding  the  trees,  shrubs,  flowers, 
grasses,  mosses,  and  moulds  as  individuals  of  one  community,  dependent  in 
a  variety  of  ways  upon  one  another,  rather  than  as  items  meet  to  be 
labelled  and  put  into  compartments,  one  is  led  to  study  the  biology  of  the 
vegetable  kingdom,  to  use  the  microscope,  and  through  it  to  see  visions  of 
a  thousand  problems,  some  answered,  many  awaiting  answer.  And  yet 
the  systematic  side  of  the  science  is  not  obscured. 

The  areas  recently  studied  by  us — the  hill  regions  in  Scotland  and  the 
heath  of  England — are  especially  suited  for  tes^g  the  scheme.  They 
present  all  varieties  of  conditions,  geologic  and  other.  The  results  of  the 
surveys  are  now  published,  and  we  wish  that  similar  attempts  may  be  made, 
either  by  societies  or  by  individuals,  to  bring  the  whole  country  under  a 
vegetatim-survey.  It  may  be  started  at  any  season  of  the  year  and  on 
any  area,  no  matter  how  small.  A  wood  of  a  few  acres,  mon^  by  month, 
each  square  yard,  each  species  of  plants  can  be  studied  with  eiery  degree 
of  minuteness,  and  yet,  to  a  true  naturalist,  without  wasting  a  minute. 

It  would  have  been  foolish  on  my  part  to  have  attempted  more  than  a 
running  glance  at  the  investigation.  The  chief  points  can  be  grasped 
during  a  study  of  the  published  maps  ;  if  these  are  not  sufficiently  clear 
to  the  reader,  an  attempt  on  some  new  area  witliin  easy  reach  of  his 
home  will  do  more  t^n  anything  else  to  clear  up  the  idea.^ 

The  Chairman :  This  is  a  communication  eminently  fitted  for  this 
Conference  to  discuss.  It  is  just  the  kind  of  subject  that  Delegates  should 
bring  before  their  respective  societies. 

Mr.  J.  Hopkinson  (Hertfordshire  Natural  History  Society) :  It  appears 

»  See  Smith,  RoheH  (1900),  Botaniodl  Survey  &f  StMoiid. 
1.  Edinburgh  District.    II.  Northern  Perthghire. 

Smith,  W.  0>,  M088,  C»  K,  and  RanHn,  IF.  M,  (1903),  Botanical 
Sttreey  of  JBngtafid, 

1.  Leeds  and  Halifax  (Smith  and  Moss). 
II.  Skipton  and  Harrogate  (Smith  and  Rankin).  ^  t 
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to  me  t^at  it  is  not  merely  the  compilatioii  of  the  flora  of  a  coanty  that 
should  be  aimed  at,  but  we  ahould  seek  to  get  a  general  idea  of  its  vegeta- 
tion— which  is  a  very  dififorent  thuig  indeed.  There  are  certain  difficdtaei 
in  mapping  I  should  like  to  see  discussed  before  the  saggestions  are  pat 
into  print. 

Mr.  T.  W.  Woodhead  (Huddersfield)  :  This  mapping  system  has  oome 
to  stay,  and  I  would  suggest  that  the  local  societies  commence  on  the 
6-inch  sicale.  There  is,  naturally,  a  difficulty  in  dealing  with  the  1-indi 
scale.  The  first  difficulty  of  the  beginner  is  to  draw  the  line  between  the 
region  of  wheat  and  oats ;  but  on  the  6-inch  scale  the  matter  becomes 
simpler,  and  can  be  adopted  by  local  botanists  with  much  greater  success. 
If  a  particular  crop  is  growing  in  one  field,  it  is  easy  to  indicate  it,  and 
then,  when  once  started,  there  is  a  fascination,  which  will  be  carried  on 
from  season  to  season,  in  building  up  the  scheme  definitely.  This  can  be 
carried  on  in  smaller  areas  on  thQ  25-inch  scale,  and  if  local  societies 
would  devote  their  attenticm  to  this  line  of  work  they  would  find  a 
renewed  interest.  The  picture  of  the  flora  on  this  plan  will  appeal  to  us 
as  it  has  never  done  before. 

Mr.  Ewing  (Glasgow) :  I  have  listed  eleven  counties  in  the  West  of 
Scotland,  and  when  we  have  considered  all  the  plants  found  in  a  ooonty 
we  can  fall  back  on  listing  tliem  iu  this  other  way. 

Professor  Kendall  (li^rkshire  Geological  Society) :  These  two  objects 
are  not  incompatible,  but  there  has  been  so  much  list-making  that  in  the 
minds  of  many  people  the  collecting  botanists  are  put  on  much  the  same 
level  as  the  collector  of  postage-stamps  or  postcanls.  There  are  many 
extremely  interesting  problems  to  be  solved.  We  cannot  say  how  thu 
will  eventuate,  or  what  important  deductions  may  be  drawn,  but  I  can 
say  this,  I  have  seen  Dr.  Smith  and  his  brother  come  down  a  mountain 
side  witii  a  botanical  map,  and,  putting  it  alongside  a  geological  viap,  the 
two  are  almost  identical.  That  shows  how  one  science  assists  the  other. 
For  example,  there  is  a  distinctive  shape  of  a  woodland — whether  it  is  on 
the  Millstone  Grit,  where  deep  and  narrow  gorges  are  cut,  or  in  the  Coal 
Measure  country,  where  the  rocks  are  not  so  duraHe,  and  where  you  have 
woodlands  of  a  more  expansive  character.  That  is  an  illustration  by  the 
way,  but  I  think  such  a  survey  as  this  will,  among  other  benefits,  tell  us 
something  of  what  is  happening  to  our  country  from  a  climatic  point  of 
view.  There  is  a  remarkable  fact,  to  which  Dr.  Smith  has  called  atten- 
tion— that  our  Pennine  hills  were  once  weU  wooded.  In  peats  at  heights 
of  from  1,200  to  1,400  feet  I  have  seen  remains  of  large  trees,  but  t^ere 
are  no  trees  growing  there  now.  We  want  to  know  why  these  trees 
disappeared,  and  observations  such  as  these  may  give  us  the  answer,  if 
not  in  this,  in  the  next  generation.  Our  children  will  thank  us  for  it 
It  may  be  a  climatic  cause.  What  about  reafforestation  t  We  have 
thousands  and  thousands  of  acres  of  land  available,  and  we  have  an 
unquestioned  demand  for  timber.  Can  that  demand  be  satisfied  by  any 
well-considered  ^heme  of  reafforestation  ?  The  answer  must  naturally 
come  in  a  large  measure  from  the  botanist,  and  the  man  who  woriu  on 
these  lines  wUl  be  able  to  tell  us  why  these  forests  disappeared.  I  should 
like  to  suggest  another  point  of  view,  that  of  a  sanitarian.  We  have  com- 
mittees on  the  investigation  of  town-atmospheres*  What  is  the  cause  of 
the  destruction  of  vegetation  by  town-smoke  ?  In  one  district  I  found 
that  if  the  evergreens  in  my  garden  were  to  bear  out  their  characters,  it 
was  necessary  to  scrub  the  leaves  so  as  to  remove  the  soot.    By  the 
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observation  of  this  soot  it  would  bo  possible  for  a  botanist  to  make  out 
something  like  a  distribution  of  smoke.  There  is  also  the  distribution  of 
the  lichens  and  mosses.  I  have  suggested  to  the  Yorkshire  Naturalists' 
Union  that  we  should  have  an  advisory  committee,  selected  from  the 
different  bodies — geologists,  botanists,  biologists,  and  so  on — who  should 
initiate  or  suggest  lines  of  research  in  their  different  sections.  Geologists 
have  many  questions  which  the  zoologist  and  the  botanist  might  answer, 
and  this  would  be  a  sort  of  clearing-house,  which  would  be  of  great 
advantage. 

The  Secretary  then  read  the  following  note  : — 

Note  on  Maps  of  the  Ordnance  Sui-vey.     By  T.  V.  Holmes,  F,G,S, 

I  enclose  two  pieces  of  the  6-ineh-to-the-mile  map  of  Kent,  showing 
Greenwich  Park,  £lackheath,  and  a  little  of  the  adjoining  country,  which 
I  have  had  in  my  possession  twenty  years  or  more.  Also  a  much  newer 
map,  showing  the  same  district  ^  on  the  same  scale.  On  the  older  map, 
in  the  gardens  behind  the  houses  which  face  Blackheath  at  its  north- 
eastern end,  are  the  words,  *  Roman  remains  found  here,'  and  the  words 

*  Roman  remains '  appear  in  the  adjacent  part  of  Greenwich  Park.  A 
glance  at  the  old  map  eastward  of  these  spots  reveals  the  fact  that  the 
line  along  which  these  Roman  remains  have  been  found  points  to  their 
being  on  a  westerly  continuation  of  the  Watling  Street.  And  I  may  add 
that  where  the  words  *  Roman  remains '  appear  in  Greenwich  Park  there 
is  a  slight  ridge,  the  direction  of  which  is  that  of  the  words,  and  which  is 
not  traceable  beyond  them  to  the  west. 

On  the  newer  map  all  this  information  alx»ut  Roman  remains  is 
omitted.  Such  an  omission  might,  of  course,  be  almost  or  wholly  un- 
avoidable where  an  open  space  has  become  covered  by  houses  since  the 
earlier  map  was  made.  But  in  this  case  there  has  been  no  alteration 
whatever  as  regards  the  part  in  question.  The  omission  is  the  more 
noticeable  as,  towards  the  south-western  comer  of  Blackheath,  *  Gamp^ 
supposed  remains  of,'  appears  on  the  older  map,  and  *  supposed  Roman 
Camp '  on  the  newer,  at  the  same  spot.  In  short,  there  is  no  sign  of  any 
desire  to  minimise  archaeological  information  pervading  the  newer  map 
generally. 

Possibly  some  of  the  Delegates  may  have  met  with  omissions  on  the 
newer  maps  of  their  own  districts. 

The  Chairman :  It  is  a  pity  the  Ordnance  Survey  should  take  off 
something  from  the  old  map.  There  are,  undoubtedly,  Roman  remains  in 
Greenwich  Park,  and  it  is  to  be  regretted  that  the  reference  to  them  should 
have  been  omitted  from  the  new  map.  I  think  we  should  write  to  the 
Ordnance  Survey  and  call  attention  to  the  omission.  The  more  common 
defect  is  to  put  down  '  Roman  remains  *  where  none  ever  existed.  I  have 
had  to  ask  them  to  remove  the  reference  in  a  Gloucestershire  map;  but  in 
this  case  there  is  little  doubt  that  the  old  map  is  correct.  There  is  a  row 
of  some  twenty  houses  in  the  gardens  of  which  Roman  remains  might  be 
found  at  any  time,  and  it  is  rather  hard  on  the  owners  or  tenants,  who 
have  not  had  their  attention  called  to  it.  Besides  that,  the  engraving 
is  not  nearly  so  well  done  as  in  the  old  map. 

*  ^  London:  Sheet  12,  N.W.  Edition  of  1894^96.  ^  . 
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It  was  resolved  that  an  application  should  be  made  to  the  Committee 
of  Recommendations,  asking  for  the  reappointment  of  the  Corresponding 
Societies  Committee,  with  a  grant  of  25/. 

Second  Conference^  September  15. 

Mr.  W.  Whitaker,  F.R.S.,  in  the  chair,  followed  by  Rev.  J.  O. 
Bevan,  M.A. 

The  Chairman  :  Before  proceeding  to  deal  with  the  agenda  I  would 
like  to  say  a  few  words  on  a  conversation  I  had  with  the  President  of  the 
Association  yesterday.  He  asked  me  how  I  thought  the  Conference 
would  take  the  suggestion  he  had  laid  before  the  meeting  last  Thursday. 
I  said  I  had  not  had  an  opportunity  of  discussing  it  privately  with  any 
of  the  members,  but  judging  from  the  discussion  in  the  Conference  I 
thought  they  were  very  much  disposed  to  take  it  up.  He  said,  if  any- 
thing is  done,  it  should  be  done  quickly.  He  believes  there  is  or  may  be 
a  rival  organisation  in  the  field,  so  that  it  would  be  distinctly  best  to 
strike  while  the  iron  is  hot.  I  would  ask  you  to  bring  the  matter  which 
Sir  Norman  Lockyer  introduced  to  us  before  your  Societies  at  the  first 
convenient  opportunity,  and  get  them  to  act  if  they  can. 

The  Rev.  T.  R.  R.  Stebbing  asked  for  more  definite  information  as  to 
what  was  required  of  the  local  Societies. 

The  Rev.  R.  Ashington  BuUen  said  he  was  not  quite  clear  as  to  what 
was  intended,  and  he  asked  whether  it  was  a  question  of  forming  a  Guild 
of  Science  or  of  capturing  votes. 

The  Chairman :  Both  ;  and  certainly  the  appointment  of  an  acting 
committee  which  would  be  ready  to  take  up  any  questions  referred  to  it 
without  any  delay.     I  think  that  would  be  rather  an  important  matter. 

The  Secretary  then  read  the  following  paper : — 

A   Suggestion  ivith  respect  to  Exploration  amd  Registration    Work  for 
County  Local  Societies,    By  William  Cole,  F.L.S.f  Hon,  Sec.  Essex 

Field  Club, 

Having  been  Secretary  to  a  registered  local  scientific  Society  during 
the  whole  period  of  the  Me  of  the  Corresponding  Societies  Committee  of 
the  British  Association,  I  have  been  impressed  with  the  number  and 
variety  of  the  subjects  recommended  to  the  attention  of  local  Societies 
by  the  Committee  from  year  to  year.  I  have  also  been  struck  with  the 
lack  of  practicability  of  many  of  these  recommendations  from  my  point 
of  view — that  is,  of  one  having  the  success  and  progress  of  his  So^ty  at 
heart.  Such  matters  as  the  '  Collection  of  Statistics  concerning  Trained 
Chemists  employed  in  English  Chemical  Industries ' ;  investigations  con- 
cerning *  The  Resistance  of  Road  Vehicles  to  Traction,'  or  the  *  ConsiderR- 
tion  of  means  by  which  better  practical  effect  can  be  given  to  the  Intro- 
duction of  the  Screw  Gauge  proposed  by  the  Association  in  1884,'  and 
the  like,  although  subjects  of  professional  importance,  are  but  little  adapted 
to  enlist  the  co-operation  of  a  body  of  amateur  biologists,  geologista,  and 
archaeologists.  It  seems  to  me  that  the  subjects  most  likely  to  prove 
attractive  to  the  members  of  the  greater  number  of  our  looed  Sodetifis 
are  those  connected  with  such  branches  of  science  as  are  within  the  oppor- 
tunities and  abilities  of  amateur  observers,  and  which  at  ,the  same  time 
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are  inch  as  will  arouse  the  enthusiasm  and  'county-patriotism'  of  the 
supporters  of  the  Societies.  It  is  difficult  at  all  times  to  obtain  a  suf- 
ficient number  of  members  to  permit  of  the  carrying  out  of  the  necessary 
work  of  the  Societies  (meetings,  publication,  <Jbc),  and  it  is  still  more 
arduous  to  collect  funds  for  any  piece  of  work  supplemental  to  the 
routine  business.  I  suggest  that  local  Societies  will  best  aid  in  their 
humble  way  the  progress  of  science  by  confining  their  energies  to  the 
acknowledged  three  main  objects  of  their  existence— the  minute  study  of 
the  natural  history  and  archaeology  of  the  counties  ;  in  educational  work 
of  a  propagandist  character ;  and  in  assisting  in  the  formation  of  well- 
planned  local  museums  and  scientific  libraries  in  their  own  districts. 

All  holding  similar  views  will  cordially  approve  of  such  pieces  of 
work  as  the  photographic  survey  of  a  county,  or  of  the  botanical  survey 
advocated  in  a  paper  placed  upon  the  agenda  at  the  present  meeting. 
And  to  be  welcomed  is  the  project  for  the  preparation  of  a  map-index  to 
prehistoric  remains,  so  ably  advocated  by  Mr.  C.  H.  Read,  F.S.A.,  at  the 
Belfast  meeting  of  this  Committee.  I  should  like  to  expadate  briefly 
upon  these  ideas,  and,  as  I  have  no  authority  to  speak  for  other  counties, 
I  will  confine  my  remarks  to  Essex. 

In  Essex  considerable  changes  in  the  flora  and  fauna  may  be  antici- 
pated in  consequence  of  rapid  extension  of  building,  the  cutting  down  of 
woods  and  hedges,  alterations  on  the  coast  brought  about  by  the  draining 
and  cultivation  of  salt  marshes  and  the  silting  up  of  estuaries,  <&c.  Dr. 
Sorby  has  described  the  changes  in  the  shallow-water  fauna  of  the  coast 
during  the  last  fourteen  or  sixteen  years.  Inland  and  near  the  towns, 
the  destruction  of  raptorial  birds  and  mammalia  by  gamekeepers,  and  the 
increase  of  insectivorous  birds  consequent  upon  the  enforcement  of  the 
Wild  Birds  Acts,  are  causes  which  apparently  determine  the  disappearance 
of  many  insects  and  mollusca  which  is  so  regrettable.  These  are  strong 
reasons  for  the  preparation  of  more  detailed  floral  and  faunal  catalogues 
than  any  yet  produced,  of  the  character  which  I  understand  Dr.  Smith 
and  Mr.  Rankin  will  advocate  in  their  paper.  If  such  work  is  not  done 
soon  it  will  be  too  late,  as  the  rapid  changes  of  environment  and  food 
will  exterminate  some  species  and  modify  the  habits  of  others.  And  I 
would  emphasise  the  importance  of  our  local  museums  being  furnished 
with  extensive  and  accurately  localised  sets  of  plants,  animals  and  fossils 
before  destructive  influences  have  blotted  out  for  ever  many  rare  forms 
and  variations.  The  sea  has  washed  away  a  great  part  of  our  fragment 
of  Waltonian  Crag,  and  the  builder  has  covered  up  or  carted  away  our 
river-terraces  and  brick -earth  deposits. 

This  scientific  collecting  and  registration,  if  done  systematically  and 
thoroughly,  will  need  not  only  much  careful  work,  but  also  the  expenditure 
of  considerable  sums  of  money. 

The  desirability  of  carefully  registering  and  systematically  exploring 
the  prehistoric  remains  in  Essex  has  engaged  our  attention  for  many 
years  past.  As  long  ago  as  1883  our  Vice-President,  Professor  Meldola, 
F.R.S.,  read  a  paper  before  this  Conference  on  *  Local  Societies  and  the 
Minor  Prehistoric  Remains  of  Britain.'  The  paper  was  printed  in  extenso 
in  the  'Transactions  of  the  Essex  Field  Club,'  vol.  iv.  pp.  116-122.  The 
destruction  of  some  of  these  remains,  and  the  precarious  tenure  of  exist- 
ence of  such  as  remain,  have  often  been  the  subject  of  remark,  as  in  the 
noteworthy  address  of  Mr.  Read  referred  to  above.  I  am  very  glad  to 
say  that  the  suggestions  of  these  gentlemen  with  re^rd  to  ^taloguing 
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and  mii4>piiig  these  interestmg  relics  is  now  being  carried  out  in  Essex. 
Our  Yice-I^esident,  Mr.  Chalkley  Gould,  has  prepared  for  the  first 
volume  of  the  '  Victoria  History  of  Essex '  a  very  complete  list  of  them, 
accompanied  by  a  map.  But  a  catalogue,  however  excellent,  is  only 
a  preliminary  step.  Accurate  plotting  down,  on  large-scale  plans,  of  the 
outlines,  geographical  positions  and  elevation  of  these  works,  and  their 
careful  scientific  exploration,  so  as  to  determine  their  probable  periods 
and  motives,  still  remain  to  be  undertaken.  I  venture  to  submit  that 
this  is  work  which  must  be  done  by  local  Societies  if  it  is  to  be  done  at 
all.  Great  London  associations  may  undertake  the  'reconstruction'  of 
Silchester ;  a  fortunate  county  may  possess  a  Pitt-Eivers  to  plan  and 
munificently  carry  out  archaeological  explorations  ;  we  may  find  the  study 
of  the  physical  and  life  conditions  of  the  North  Sea  becoming  a  matter 
of  Government  and  international  importance.  But  the  patient  tasks  of 
collecting  and  registering  plants,  animals  and  fossils,  and  the  examina- 
tion of  minor  earthworks,  camps,  red-hills,  deneholee,  <fec.,  should  be 
the  duty  and  pleasure  of  local  enthusiasts. 

The  councils  and  officers  of  many  of  our  local  Societies  hardly  need 
committees  of  the  British  Association  to  indicate  these  lines  of  activity. 
They  have  been  fully  alive  to  them  ever  since  their  Societies  were  called 
into  existence.  But,  as  we  in  the  Essex  Field  Club  know  full  well,  such 
work  is  very  costly,  and  in  most  cases  quite  in  excess  of  the  slender 
balances  at  our  bankers.  We  have  the  will,  but  we  lack  the  means.  And 
this  is  the  position  with  very  many  of  our  local  Societies. 

Is  there  any  escc^  from  this  difficulty  ?  I  think  it  can  be  shown 
that  there  is  a  way  out. 

Everyone  knows  that  our  county  councils  have  very  considerable 
annual  sums  entrusted  to  them  for  purposes  summed  up  in  the  very 
elastic  phrase  'technical  instruction.'  This  is  in  addition  to  any  rate 
for  primary  or  secondary  education.  The  allocation  of  this  tedmical 
education  money  is  in  the  hands  of  the  councils,  subject  to  some  sort  of 
revision  by  the  Board  of  Education.  The  annual  income  from  this  source 
in  Essex  is  considerably  over  20,000^. 

My  proposal  is  that  the  county  council  of  each  county  in  which 
a  recognised  scientific  Society  exists  should  be  asked  to  allocate  a  small 
annual  sum  (say  from  lOOL  to  2001.)  for  the  purposes  alluded  to,  in 
accordance  with  some  such  scheme  as  the  following  : — 

1.  That  the  local  Society  should  in  each  year  lay  before  the  education 
committee  of  the  county  council  proposals  and  plans  for  any  explorationa 
or  investigations  which,  in  the  opinion  of  the  expert  committee  of  the 
Society,  are  worthy  of  being  undertaken,  and  that  on  approval  the 
estimated  sum  required  for  the  work  and  for  the  publication  of  the 
report  be  allocated  to  the  Society. 

2.  The  committee  of  the  Society  having  accompllBhed  the  work,  should 
prepare  a  detailed  report,  with  such  maps  and  illustrations  as  may  be 
necessary.  This  report  might  be  printed  in  the  journal  of  the  Society, 
copies  being  struck  off  for  sale.  Or  the  reports  might  be  issued  on 
a  uniform  plan  for  the  whole  kingdom.  In  any  case  the  reports  should 
be  issued  at  a  very  cheap  rate  for  distribution  to  the  public. 

3.  Any  sum  unexpended  might  be  returned  to  the  council,  or  carried 
to  the  next  year's  work.  *^  -^"^ 

4.  In  selecting  the  subjects  proper  for  such  a  series  of  investigations 
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the  peculiar  conditions  and  requirements  of  each  county  will  be  considered. 
Taking  Essex  as  an  example,  the  following  may  be  suggested  : — 

(a)  The  accurate  surveying  and  plotting  down  on  large-scale  plans  of 
typical  prehistoric  remains,  particularly  of  such  as  may  be  in  danger  of 
destruction,  and  the  careful  exploration  of  the  same  under  expert 
direction. 

(6)  The  preparation  of  accurate  lists  and  of  maps  of  the  county,  showing 
the  positions  and  mode  of -occurrence  of  any  relics  of  prehistoric  age 
hitherto  found  therein,  with  indications  of  the  museums  or  collections  in 
which  they  are  preserved,  and  references  to  any  published  details  and 
figures. 

(c)  Exploration  work  in  the  shallow-water  districts  of  the  North  Sea 
and  in  our  estuaries  and  rivers,  so  as  to  collect  materials  for  full  and 
accurate  lists  of  the  marine  and  fresh* water  fauna  and  flora,  and  to  study 
the  conditions  regulating  the  occurrence  of  each  form  where  possible. 

(d)  The  mapping  out  of  the  distribution  of  inland  plants  and  animals, 
having  like  regard  to  the  conditions  of  their  occurrence  ;  the  study  of  the 
varying  conditions  of  agriculture  and  gardening  in  different  parts  of  the 
county. 

{e)  The  exploration  of  interesting  geological  deposits,  so  as  to  accu- 
mulate, before  they  disappear,  as  perfect  sets  as  possible  of  characteristic 
fossils.     Examples  :  our  Walton  CvAg,  brick-earths  and  terrace  gravels. 

(/)  The  study  and  registration  on  large-scale  maps  of  coast  erosion 
and  the  formation  of  sandbanks  and  the  silting  up  of  our  estuaries. 

(g)  Any  special  investigations  which  may  be  suggested  by  the  county 
council  itself,  or  by  the  British  Association  Committee. 

5.  All  specimens,  plans,  &c.f  thus  obtained  or  made  should  be 
deposited  in  the  county  museum,  the  museum  authorities  undertaking  to 
suitably  preserve  and  register  them  for  future  study. 

6.  As  above  indicate,  all  the  reports  should  be  published  at  a  cheap 
rate,  and  copies  deposited  in  local  libraries  and  in  the  principal  public 
libraries  in  the  kingdom.  The  British  Association  might  well  be  asked 
to  catalogue  these  reports  from  the  several  counties  as  an  Appendix  to 
the  Report  of  the  Local  Societies  Committee. 

Such  is  a  rough  sketch  of  my  proposal.  I  have  assumed  that  a  county 
scientific  Society  exists  in  each  county.  Where  this  is  not  the  case,  a 
joint  committee  of  the  smaller  Societies  of  the  county  might  be  formed  for 
this  business.  I  may  be  permitted  to  observe  that,  in  my  humble  opinion, 
it  is  most  desirable  that  such  Societies  should  at  once  unite  to  form 
strong  county  units.  Each  county  should  have  one  scientific  Society 
and  one  archaeological  Association,  with  local  sub- committees,  if  thought 
necessary. 

1  have  left  the  primary  difficulties  until  the  last.  Would  our  county 
councils  consider  the  subjects  mentioned  and  the  suggested  method  of 
treating  them  of  educational  value  ?  If  so,  would  they  assist  ?  and,  finally. 
Is  such  an  allocation  of  educational  funds  legal  ? 

I  submit  that  the  small  annual  sum  mentioned  would,  if  expended  in 
this  way,  produce  results  of  considerable  educational  value.  We  spend 
vast  sums  in  teaching  modem  history,  and  ought  we  to  consider  the 
*  buried  history  of  Britain  '  (as  it  has  been  happily  termed)  of  no  import* 
ancet    The  work  of  collecting  information  respecting  plants^aniiii^s. 
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fossils,  encdufaged  and  directed  by  the  local  committees,  would  certainfy 
be  of  direct  educational  value  to  all  taking  part  in  it ;  and  the  reporU, 
when  issued,  would  be  admirable  object-lessons,  serving  to  show  how 
much  of  interest  our  own  counties  possess.  And  now  that  the  importance 
of  museums  in  education  is  recognised  by  scores  of  thoughtful  writers  and 
speakers,  would  not  the  sets  of  specimens,  accurately  named,  localised  and 
described,  be  of  real  use  to  students  and  investigators  ?  Of  the  scientific 
importance  of  the  results  from  the  work  advocated  it  is  unnecessary  to 
speak  before  this  Committee.  And  we  must* not  forget  that  there  is  a 
strong  feeling  of  local  patriotism,  which  appeals  to  all,  scientific  or  others. 

Of  the  legal  aspect  of  the  question  I  am  not  qualified  to  speak  ;  the 
problem  might  be  submitted  in  the  first  instance  to  the  Board  of  Education. 
Should  it  be  found  that  the  present  law  would  not  permit  of  such  allocation 
of  funds,  it  might  not  be  difficult  to  induce  the  Government  to  introduce 
a  two-line  clause  into  some  '  omnibus '  Educational  Bill  (there  are  sure  to 
be  a  few  in  the  near  future)  permitting  the  county  councils  to  act  as 
indicated  above. 

I  would  suggest,  if  the  proposals  meet  with  the  approval  of  the 
Scientific  Societies  Committee,  that  a  small  sub-committee  be  appointed, 
to  meet  in  London  and  consider  the  steps  that  may  be  necessary  to  bring 
the  matter  before  the  public  and  the  authorities.  Perhaps  the  British 
Association  itself  would  aid  in  bringing  the  matter  prominently  before 
those  in  authority  and  the  public  generally,  and  it  might  not  be  difficult  to 
enlist  the  sympathies  and  co-operation  of  a  few  Members  of  Pariiament 
favourable  to  scientific  education,  supposing  any  parliamentary  action  is 
necessary. 

I  should  like  to  see  some  active,  practical  steps  taken  ;  in  my  opinion, 
the  local  Scientific  Societies  Committee  could  not  confer  a  greater  benefit 
on  the  Societies,  nor  aid  more  the  progress  and  study  of  natural  science 
and  archaeology  in  the  counties  by  the  numerous  amateurs  now  existing 
than  in  promoting  some  such  scheme  as  that  I  have  advocated. 

The  Chairman  (Rev.  J.  O.  Bevan)  :  Mr.  Cole's  paper  is  now  open  for 
discussion,  and  there  are  many  points  of  importance  suggested  by  it  which 
will,  no  doubt,  receive  your  consideration. 

Dr.  W.  R.  Scott  (Delegate  from  Section  F)  :  I  feel  considerable 
diffidence  in  saying  anything  on  this  subject,  because  I  am  afraid  in  this 
meeting  I  am  somewhat  of  an  outlander,  representing  as  I  do  the 
Economic  Section.  But  I  would  like  to  recommend  to  the  consideration 
of  the  members  of  the  Committee  the  work  indicated  in  the  paper  in  one 
direction  particularly  arising  out  of  my  own  personal  experience.  One  of 
the  subjects  of  economical  investigation  which  is  going  to  come  most 
prominently  before  the  public  in  the  near  future  is  that  of  economic 
history,  and  in  the  investigations  in  connection  with  this  I  had  occasion 
to  examine  the  records  of  local  societies  with  reference  to  a  question  of 
considerable  practical  and  theoretical  importance,  viz.,  the  localisation  of 
industry,  finding  out  how  certain  industries  sprang  up  or  died  oat  in 
certain  places.  In  compiling  information  of  the  kind  indicated  under  the 
head  of  archaeology,  I  am  certain  investigators  will  come  across  records 
of  old  industries  and  callings,  and  things  of  that  nature,  which  are 
frequently  passed  over.  I  should  like  to  suggest  to  those  who  are  engaged 
in  the  study  of  economics,  that  if  they  would  make  a  note  of  these  things  it 
would  be  of  very  great  assistance  to  us. 
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Mr.  W.  P.  Stanley  (Croydon);  In  our  local  Society  we  have  two 
subjects  which  seem  to  be  very  appropriate,  at  least  for  such  Societies,  and 
one  o£  them  would  aid  very  materially  what  Mr.  Cole  has  put  before  us. 
Photography  is  very  popular  with  our  Society.  The  observations  we 
record  by  means  of  drawings  are  often  very  poor,  but  we  can  record 
them  correctly  by  means  of  photography  in  much  less  time.  Another 
thing  which  is  very  popular  with  these  Societies  is  meteorology.  There 
are  many  elderly  people  to  whom  it  is  a  source  of  pleasant  occupation  to 
make  daily  observations  of  meteorological  conditions.  I  would  mention, 
with  regard  to  the  polytechnics,  in  which  I  take  a  very  great  interest 
that  the  Government  money  is  suggested  to  be  for  technical  education, 
and  it  is  really  so  applied  in  many  instances.  £ut  the  money  is  so 
thoroughly  taken  up  and  so  usefully  employed  in  that  direction  that  I 
think  Uiere  would  scarcely  be  any  to  spare  for  a  learned  society  in  which 
knowledge  is  the  sole  aim.  It  is  generally  technical  knowledge  that  is 
required — knowledge  which  will  be  of  value  to  students  in  life,  and  will 
greatly  aid  in  elevating  the  classes  for  which  it  was  originally  intended. 

The  Hon.  Bollo  Russell  (Haslemere) :  I  was  going  to  suggest  before 
the  previous  Del^^te  spoke  that  possibly  meteorology  might  be  added  to 
the  subjects  mentioned  in  the  paper ;  and  though  this  might  not  come 
within  the  view  of  many  Societies,  observations  might  be  made  of  the 
diseases  of  plants,  and  of  the  relations  of  plants  to  meteorology.  Meteoro- 
logy furnishes  an  enormous  field  for  investigation,  and  if  this  were  added 
to  the  subjects  mentioned  it  would  help  towards  getting  grants  from 
county  councils  and  town  councils.  Experiments  might  be  made  on 
plant-life  in  relation  to  soils,  weather,  and  various  other  conditions. 

Professor  Weiss  (Owens  College,  Manchester,  Delegate  from  Sec- 
tion K):  I  am  rather  sceptical  of  getting  a  grant  from  the  county 
council  for  the  purposes  suggested  in  the  paper.  I  think  aid  would  come 
better  from  the  British  Aiwociation  grants,  which  I  am  sorry  to  say  are 
decreasing,  while  the  demands  are  increasing  considerably.  I  doubt  very 
much  whether  we  are  getting  further  forwanl  by  resting  our  hope  on  the 
county  council,  but  I  do  not  see  why  we  should  not  make  a  trial.  It 
might  be  useful,  though  I  doubt  whether  all  county  councils  will  have  it 
in  their  power  to  give  grants.  Section  K  might  bring  this  up  in  con- 
nection with  the  i*eglBtration  of  botanical  photographs.  A  pamphlet  will 
be  sent  to  each  Society  giving  particulars  about  photography.  We  are 
very  desirous  of  getting  recoids  of  plant-life,  both  as  regards  the  natural 
plants  which  we  find  in  different  parts  of  England,  and  also  in  regard  to 
the  acclimatised  plants.  For  example,  there  are  districts  in  the  south  of 
England  where  we  have  tropical  plants  grown  under  favourable  condi- 
tions, and  it  is  worth  reading  by  photographs.  Then,  as  to  plant 
diseases,  we  are  desirous  of  getting  photographs  of  these,  when  we  have 
crops  destroyed,  as  we  have  had  to  deplore  from  time  to  time.  It  would 
be  necessary  and  desirable  to  have  records  from  different  districts 
recording  statements  which  can  be  referred  to  afterwards.  Then  curi- 
ously injured  trees,  trees  ii^ured  by  lightning,  wind,  or  other  causes, 
trees  of  great  age  or  possessing  other  peculiarities,  are  well  worth  putting 
on  the  records  of  each  district,  and  ^ould  secure  the  attention  of  local 
Societies.  It  is  only  by  getting  local  Societies  interested  and  taking  up 
this  work  that  we  can  hope  to  obtain  a  series  of  records  such  as  we 
should  get  in  this  country.  I  am  glad  that  several  Societies  have 
already  undertaken  this  work  for  the  coming  season. 
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Dr.  Herbertson  (Delegate  from  Section  E)  :  I  should  like  to  empha- 
sise the  necessity  of  putting  on  the  maps  as  many  observations  as  possible. 
Cartographers  feel  the  necessity  for  having  data  put  in  a  more  convem«it 
form  than  is  done  in  tabular  schemes.  One  of  the  first  duties  of  local 
Societies  should  be  to  undertake  a  map  of  the  district  of  all  objects  ci 
study,  -whether  fossils  or  plants.  A  great  advance  has  been  made  in 
botanical  mapping  by  the  adoption  of  the  morphological  or  physiological 
classification  and  in  other  ways.'  It  is  found  that  this  applies  not 
merely  to  botanical  8p>ecimcns,  but  also  to  the  geological  phenomena 
and  to  economical  phenomena.  I  was  glad  to  hear  Dr.  Scott  insist  on 
the  necessity  for  observing  the  distribution  of  local  industries,  and  I 
would  suggest  that  the  distribution  in  space  be  considered  as  well  as 
the  distribution  in  time.  The  value  of  any  description  by  local  Soci^es 
is  to  express  the  data  on  the  map  as  well  as  in  tabular  form,  and  to  aid 
in  the  interpretation  of  them,  for  that  is  the  object  of  the  study  of 
distribution.  The  Societies  would  find  great  assistance  by  having  a 
geographer  on  their  committees. 

Mr.  W.  Ackroyd  (Halifax  Scientific  Society)  :  As  to  our  Society,  its 
work  has  a  direct  bearing  on  this  subject.  We  have  a  bi-monthly  publi- 
cation, which  has  been  carried  on  at  a  very  slight  loss  for  something  like 
ten  years,  and  no  doubt  will  be  carried  on  for  a  number  of  years  farther  ; 
for,  on  account  of  the  interest  of  the  subjects  with  which  it  deals,  it  will 
command  a  wider  circulation.  The  subjects  dealt  with  are  similar  to 
those  mentioned  in  the  paper  this  afternoon.  The  geologists  have  been 
interested  in  the  well-sinking  in  the  neighbourhood,  and  through  the 
kindness  of  the  gentlemen  who  have  sunk  these  wells  they  have  been 
able  to  take  the  cores  in  succession  and  make  up  vertical  sections, 
forming  a  valuable  record.  Another  subject  has  been  afforestation  ;  and 
here  the  Society  has  been  of  very  great  use  to  the  corporation,  which 
has  consequently  planted  trees  around  their  reservoirs,  and  no  doubt  tiiis 
work  will  be  increased.  With  regard  to  funds,  I  do  not  think  any  cor- 
poration where  there  are  Labour  members.  Conservatives,  and  Liberals 
fighting  against  each  other  will  permit  anything  illegal  to  be  done  ;  but 
we  have  got  funds  for  certain  lines  of  work.  We  have  two  museums — 
one  at  Bankfield  given  up  to  anthropological  subjects,  and  another  at 
the  other  end  of  the  town  given  up  to  geology  and  mineralogy  mainly, 
and  for  these  museums  honorary  curators  are  appointed  from  the  local 
scientific  Societies.  When  funds  are  required  they  put  down  the  amount 
wanted  and  the  purpose  for  which  it  is  required,  and  a  representative  of 
these  curators  goes  before  the  committee  of  the  council  and  makes  a 
recommendation.  So  far  we  have  been  able  to  get  all  the  money  we  have 
wanted.  The  grants  made  from  time  to  time  have  been  from  100^  to 
200/.,  and  even  as  much  as  300Z.  at  a  time.  I  do  not  know  exactiy  why  it 
becomes  legal  for  this  money  to  be  advanced  to  us,  but  I  think  it  is  under 
the  Free  Libraries  Act.  Here  is  the  paragraph  in  the  *  Year-book '  relating 
to  the  Technical  Instruction  and  Public  Library  Committee,  and  it  is 
under  one  of  these  Acts  that  the  money  I  allude  to  is  granted  :  *  The 
duty  of  the  committee  is  to  manage  the  free  libraries  and  museums,  and 
to  carry  into  effect  the  provisions  of  the  Free  Libraries  Act,  the  Gymna- 
siums and  Museums  Act  of  1891,  the  Libraries  Act  Amendment  Acts  of 
1891  and  1898,  and  the  Halifax  Corporation  Act  of  1898  relating  to  the 
library  rate.'  I  have  no  doubt  that  what  we  do  in  Halifax,  Delegates 
will  in  time  be  able  to  do  in  other  places. 
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The  Chairman  :  I  should  like  to  say  it  is  the  desire  of  the  Corre- 
sponding Societies  Committee  to  take  the  general  sense  of  the  Conference 
on  this  subject.  There  is  no  doubt  that  the  proposal  made  by  Mr.  Cole 
is  a  very  important  one,  but  it  requires  to  be  worked  out,  and  worked 
out  with  far  greater  detail  than  I  think  is  possible  in  the  present  dis- 
cussion. It  would  be  necessary,  in  tlie  first  place,  to  know  the  limits  of 
the  county  councils,  for  these  do  not  cover  the  whole  of  the  county, 
seeing  that  the  county  includes  County  Boroughs.  Then  the  funds 
required  would  have  to  be  considered.  The  Government's  money,  the 
*  whisky  money,'  might  be  devoted  to  purposes  not  strictly  educa- 
tional, and  we  should  also  want  to  know  the  way  in  which  the  boundaries 
of  the  local  Societies  would  be  involved.  If  the  principle  meets  with  the 
approval  of  the  Conference,  it  might  be  thought  well  to  refer  the  whole 
matter  to  the  Committee,  which  would  consider  it  in  London  and  take 
into  account  all  those  matters  which  have  been  suggested  this  afternoon. 
Of  course  we  are  quite  in  the  hands  of  the  Delegates,  and  are  prepared 
to  welcome  any  other  suggestion  ;  but,  speaking  on  behalf  of  the  Com- 
mittee, they  will  be  glad  to  take  your  acceptance  of  the  principle  for 
granted,  and  enter  into  as  full  a  consideration  of  the  details  of  the  matter 
as  may  be  possible. 

Replying  to  Principal  GriflBths,  who  asked  what  was  meant  by  the 
principle  of  the  matter,  the  Chairman  said  :  The  principle  that  the  work 
hhould  be  undertaken,  and  that  the  ways  and  means  should  be  afterwards 
considered — that  we  thought  the  work  was  a  necessary  work.  That 
seems  to  be  the  important  thing  to  get  hold  of.  Other  things  would 
have  to  be  dealt  with  by  independent  investigation. 

Mr.  J.  Hopkinson  (Hertfordshire)  :  Allow  me  to  give  you  the  expe- 
rience of  the  Hertfordshire  Society  on  the  question  of  museums.  We 
endeavoured  to  establish  a  museum  in  connection  with  the  Society,  but 
could  not  do  so  for  want  of  funds.  Several  members  of  the  Society 
approached  the  county  council,  Sir  John  Evans  especially.  We  got  up  a 
public  meeting,  and  then  collected  sufficient  funds  to  build  a  small 
museum.  Lord  Spencer  gave  us  the  land,  and  the  museum  is  managed 
by  a  board  of  honorary  curators,  with  one  for  each  department.  The 
whole  of  the  grant  that  we  are  able  to  get  from  the  county  council, 
although  we  have  very  considerable  influence  there,  seeing  that  many  of 
its  members  are  members  of  our  Society  and  that  we  have  the  enthusiastic 
support  of  Sir  John  Evans,  has  been  300^.  for  the  buUding  fund,  and 
115/.  per  annum  towards  the  expenses  of  the  museum,  on  the  condition 
that  we  give  free  lectures  on  such  technical  subjects  as  come  within  the 
scope  of  the  powers  for  which  they  can  devote  this  money.  We  have  to 
subscribe  towards  the  keeping  up  of  the  museum.  As  to  the  maps,  no 
doubt  they  are  very  useful,  as  it  enables  you  to  see  things  at  a  glance  ; 
but  I  presume  all  these  investigations  are  not  of  very  much  use  unless 
they  are  published,  and  it  is  a  very  much  more  expensive  thing  to  pub- 
lish maps  than  to  publish  tabular  statements.  We,  like  other  Societies, 
I  suppose,  frequently  overdraw  our  banking  account,  and  it  is  with  the 
greatest  difficulty  that  we  keep  up  our  Society  owing  to  the  want  of 
funds. 

On  the  motion  of  the  Hon.  Hollo  Russell,  seconded  by  Mr.  Stanley, 
and  supported  by  Principal  Griffiths,  the  suggestions  made  by  Mr.  Cole 
were  referred  to  the  Corresponding  Societies  Committee. 
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Railway  Fares  for  Memhera  o/Sci&tUific  Societies. 

The  Secretary  read  the  following  letter  from  Mr.  Herbert  Stone, 
F.L.S.,  F.R.C.I.,  President  of  the  Birmingham  Natural  History  and 
Philosophical  Society,  and  Delegate  to  the  meeting  : — 

With  the  assistance  of  my  colleague,  Mr.  Richard  Hanoock,  I  hame 
recently  been  engaged  in  getting  up  a  petition  to  the  great  railway 
companies,  on  behalf  of  the  scientific  and  photographic  Societies  of  the 
Midlands,  asking  for  the  same  privileges  aa  are  enjoyed  by  anglers, 
namely,  the  '  picnic '  rate,  or  fare  and  a  quarter,  to  certain  specified 
places  upon  presentation  of  the  Association  ticket  at  the  booking*  oflice. 
The  joint  committee  formed  for  the  purpose  of  gaining  this  end,  and  of 
which  Mr.  Hancock  and  I  are  joint  Secretaries,  represents  twenty-two 
Societies,  with  a  membership  of  1,700.  Our  petition  has  met  with  a 
refusal,  after  being  before  the  periodical  meetings  of  the  managers  of  the 
various  railway  companies.  At  these  meetings  all  questions  affectiDg 
railways  in  general  are  discussed,  and  amongst  more  important  matters 
a  petition  such  as  ours  would  naturally  get  scant  attention,  and  I  doubt 
if  the  meeting  was  put  in  possession  of  the  arguments  for  our  side  as  set 
forth  in  our  letter. 

My  object  is  to  ask  if  the  British  Association  can  aid  us.  An  aj^lica- 
tion  from  the  Association  would  at  least  be  considered,  whereas  the 
curtness  of  the  replies  to  our  petition  shows  that  the  companies  consider 
that  we  are  a  negligible  quantity. 

Of  course  it  would  be  unreasonable  to  suppose  that  the  Association 
would  act  for  a  limited  body  of  Societies,  but  I  imagine  from  the  support 
given  to  the  project  from  those  already  organised  that  it  would  not  be 
difficult  to  obtain  the  assistance  of  the  whole  of  the  Societies  of  the  same 
nature  in  Great  Britain.  In  this  work  I  should  be  pleased  to  take  my 
share. 

Copy  of  Letter  re/erred  to, 

Bracebridge  Street,  Birmingham : 
The  Superintendent  of  the  Line,  June  23,  1903. 
Railway. 

Sir, — On  behalf  of  the  Societies  enumerated  below,  for  whom  we  are 
authorised  to  speak,  we  take  the  liberty  of  asking  if  you  can  see  your  way 
to  grant  to  the  members  of  those  Societies  the  *  picnic '  arrangement  as  at 
present  enjoyed  by  the  Bii-mingham  and  District  United  Angling  Associa- 
tion. We  wish  to  point  out  that  naturalists  and  amateur  photographers 
work  singly,  and  not  in  bodies,  and  that  the  ordinary  method  of  arranging 
for  parties  of  ten  rather  discourages  excursions  amongst  this  class  than 
otherwise.  The  privilege  of  booking  at  a  fare  and  a  quarter  to  the 
stations  at  present  set  out  on  the  anglers'  cards  would,  we  are  confident, 
result  in  a  large  increase  of  traffic  both  in  point  of  number  of  excursions 
and  of  distance  travelled.  In  1884,  when  the  anglers'  societies  were 
federated,  their  membership  was  about  300.  At  the  present  time  it  is 
many  thousands.  It  is  fair  to  assume  that  angling  per  se  would  never 
have  produced  such  numbers  witliout  the  stimulus  of  the  reduced  rate, 
and  we  believe  that  a  similar  increase  would  take  place  in  the  traffic  if 
the  same  concession  be  made  to  our  own  body,  as  the  localities  near  at 
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hand  are  for  the  most  part  worked  out,  and  our  members  are  in  need  of  a 
larger  field  for  their  energies. 

We  b^  you  to  take  into  consideration  the  fact  that  every  naturalist 
or  photographer  who  visits  a  place  on  your  line  becomes  an  advertising 
agent  for  that  place,  and  we  venture  to  say  that,  in  view  of  innumerable 
addresses,  lectures,  exhibitions  of  specimens,  photographs  and  lantern- 
slides,  there  is  no  better  medium  of  advertisement  for  your  line  than  the 
body  which  we  represent. 

We  can  assure  you  that  this  concession  would  not  be  abused  in  any 
way.  One  of  the  Societies  atKliated  with  us,  the  Longton  and  District 
Photographic  Society,  which  already  enjoys  the  concession  we  now  ask 
for  from  the  North  Stafibrdshire  Railway  Company,  has  never  heard  of 
any  attempt  whatever  on  the  part  of  any  of  its  members  to  use  the 
privilege  for  any  other  purpose  than  that  for  which  it  was  granted. 

Wo  are,  Sir,  yours  very  truly, 

(Signed)    Herbert  Stone, 

Richard  Hancock, 
Hon.  Sees,  to  the  Committee. 

(Here  followed  list  of  Societies.) 

Mr.  Hopkiason :  There  is  only  one  Society  that  I  know  which  has 
been  able  to  get  this  privilege  from  the  railway  companies,  and  that  is  the 
Yorkshire  Naturalists'  Union.  Any  member  can  join  any  of  the  excursions 
of  the  Association  on  reduced  fares  by  simply  producing  his  card  of 
membership,  on  which  his  name  is  signed,  and  the  excursion  circular. 
The  card  is  issued  on  the  payment  of  the  subscription.  I  do  not  think  that 
any  other  Society  has  succeeded  in  doing  this.  Our  Hertfordshire  Society 
has  tried,  but  we  must  have  at  least  ten  members  to  enable  us  to  get  a 
joint- ticket ;  but  if  the  railway  companies  were  approached  by  an  official 
body  representing  the  whole  of  the  Natural  History  Societies  of  the 
country,  we  might  get  for  them  what  the  Yorkshire  Union  has  done. 

Mr.  W,  Parkin  and  Mr.  Lamplugh  pointed  out  that  the  privilege 
had  been  modified. 

Dr.  W.  R.  Scott :  As  to  the  Irish  Societies,  I  may  point  out,  as  a 
member  of  the  largest  of  them,  the  Royal  Society  of  Antiquaries  of 
Ireland,  that  they  get  tickets  at  practically  single  fares ;  at  all  events  it 
is  not  more  than  a  fare  and  a  quarter,  and  the  procedure  is  this  :  Any 
member  wishing  to  attend  an  excursion  must,  within  ten  days  of  the  excur- 
sion, get  a  form  from  the  secretary  of  his  Society  ;  it  is  presented  to  the 
railway  company,  and  the  secretary  then  gets  the  ticket  at  reduced  rates. 

Mr.  G.  W.  Lamplugh  i  I  was  going  to  raise  a  point  as  to  the  Irish 
railways,  as  it  shows  an  advance  on  anything  in  England.  Not  only  does 
this  privilege  extend  to  the  excursions,  but  to  any  work  carried  on  by  a 
field  club.  On  two  occasions,  when  I  have  gone  across  to  see  excavations 
in  the  West  of  Ireland,  the  Secretary  had  it  in  his  power  to  give  me  a 
warrant  authorising  me  to  get  a  ticket  for  field-club  business  at  single 
fare  for  the  double  journey.  If  this  privilege  can  be  wrested  from  the 
English  railways  it  will  be  a  great  advantage. 

Captain  Dubois  Phillips,  R.N.  :  Golf-tickets  are  made  out  in  exactly 
the  same  way.  You  get  your  ticket  from  the  secretary,  sign  it  at  the 
bottom,  and  carry  out  the  same  routine.  I  do  not  think  it  would  be 
difficult  to  get  if  we  were  all  to  come  together.  ,  , 
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Reports  of  Delegates  from  the  Sections. 

The  Chairman  :  The  next  thing  is  to  hear  the  Delegate  ftom  Section  A, 
who  will  give  us  an  idea  of  what  is  suggested  by  his  committees. 

No  response  was  made,  however,  nor  to  the  call  for  the  Delegate  from 
Section  B  ;  but  the  Secretary  of  the  Conference  read  the  following  com- 
munication from  Mr.  W.  Marriott,  Assistant  Secretary  of  the  Royal 
Meteorological  Society  : — 

I  should  be  glad  if  you  would  bring  to  the  notice  of  the  Conference 
of  Delegates  of  Corresponding  Societies  the  fact  that  the  Council  of  the 
Royal  Meteorological  Society  have  undertaken  to  furnish  for  the  *  Inter- 
national Catalogue  of  Scientific  Literature '  the  titles  of  papers  bearing  on 
meteorology  which  are  published  in  the  British  Isles. 

As  this  work  cannot  be  complete  unless  the  Society  is  in  possession  of 
all  the  publications  containing  meteorological  papers,  the  Council  would 
be  glad  if  the  Delegates  of  Corresponding  Societies  would  assist  them  in 
this  matter,  by  requesting  all  the  local  scientific  Societies  printing  papers 
or  reports  bearing  on  meteorological  subjects  to  forward  a  copy  of  the 
same  to  the  Royal  Meteorological  Society,  70  Victoria  Street,  West- 
minster, S.W.  (if  they  do  not  already  do  so),  to  insure  the  titles  being 
included  in  the  *  International  Catalogue  of  Scientific  Literature.' 

Section  C,  Geology, 

Mr.  Lamplugh  said  :  The  Section  has  several  Committees  at  work, 
and  is  being  greatly  aided  by  the  local  Societies.  The  first  is  the  Section 
for  the  registration  of  geological  photographs.  The  second  Committee  is 
that  on  the  registration  of  erratic  blocks,  and  there  the  local  Societies 
send  in  their  reports  to  the  central  Committee.  In  printing  the  reports 
of  the  Committee  the  Societies  are  mentioned,  together  with  the  amount 
of  work  each  has  done  towards  the  common  object.  The  exploration  of 
the  Irish  caves  is  being  carried  on  under  the  auspices  of  the  local  Societies 
in  the  same  way.  Recent  explorations  at  Kirmington,  in  the  East 
Riding  of  Yorkshire,  were  originated  by  the  Hull  Societies.  In  all  these 
cases  the  aid  of  the  local  Societies  has  been  very  great  towards  the 
work  of  the  Section.  The  work  of  the  Triassic  Committee  is  proceeding 
on  similar  lines,  and,  in  fact,  in  all  the  Committees  of  Section  C  the  idea 
is  to  get  local  Societies  to  aid  in  the  work  of  the  central  Committees. 

Section  D,  Zoology, 

The  Rev.  T.  R.  R.  Stebbing  said  :  I  may  mention,  with  r^ard  to 
this  Section,  that  the  Committee  hope  when  next  year  the  Association 
meets  in  Cambridge  a  great  effort  may  be  made  for  the  organisation  of 
zoological  science  and  zoologists  in  general,  and  perhaps  our  Delegates 
will  bear  that  in  mind,  and  if  they  have  any  contribution  to  offer  it  will 
be  very  useful.  I  have  an  axe  of  my  own  to  grind,  because  for  some 
years  past  I  have  been  the  Committee  appointed,  through  the  kindness  of 
the  Conference  of  Delegates,  for  the  investigation  of  the  underground 
fauna  of  Great  Britain.  The  subject  of  well-boring  has  been  already 
alluded  to  by  Mr.  Ackroyd.  Well-shrimps  can  only  be  got  by  well,  or 
at  least  continually  boring  you  and  other  Associations  on  this  subject 
In  my  own  neighbourhood  I  had  to  work  for  some  years  befoije  I  could 
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get  hold  of  these  well-shrimps.  At  length  I  got  a  supply,  some  from 
various  parts  of  the  country  through  my  own  pupils,  and  some  from  a 
working  man  close  by.  I  happened  to  give  a  lecture  which  this  man 
attended,  and  next  day  he  brought  me  a  supply  from  the  bottom  of  his 
well.  They  are  little  creatures,  transparent,  with  several  legs,  and  from 
half  to  a  quarter  of  an  inch  in  length,  according  to  the  species.  They  are 
rarely  found,  and  yet  people  in  many  parts  of  England  say  they  are 
very  common.  It  is  difficult  to  persuade  people  that  they  are  worth 
collecting.  On  the  Continent  they  have  several  species,  and  in  England 
we  may  have  more  of  these  interesting  fresh- water  crustaceans  than  are 
yet  known.  Unless  the  Delegates  will  help  me  it  is  next  to  impossible 
to  make  a  report  as  a  Committee.  These  little  creatures  are  most  com- 
monly found  when  the  well  is  tolerably  empty.  They  live  at  the  bottom, 
and  have  feeble  swimming  powers.  Well-owners  generally  keep  their 
presence  dark,  because  they  are  afraid  the  sanitary  inspector  will  come 
and  declare  the  water  impura  As  a  matter  of  fact,  these  creatures  are 
a  testimony  to  the  purity  of  the  water,  so  that  I  hope  you  will  not  think 
a  record  of  them  any  injury  to  the  reputation  of  the  well.  Specimens  in 
methylated  or  other  spirit  or  in  formalin,  addressed  to  Ephraim  Lodge, 
The  Common,  Tunbridge  Wells,  will  be  very  acceptable.  In  every  case 
the  place  of  capture  shotdd  be  specified. 

Section  K,  Botany, 

Professor  Weiss,  speaking  on  behalf  of  the  Botanical  Section,  said  : 
This  Committee  is  being  greatly  aided  by  local  Societies.  The  Committee 
wishes  to  draw  attention  to  two  other  pieces  of  work  in  which  they 
might  assist.  The  first  is  that  the  Committee  has  appointed  Mr.  Alfred 
Fnar  to  prepare  a  monograph  on  the  species  of  the  British  Potamogeton, 
Then,  Miss  Sargant  has  asked  me  to  mention  that  she  is  investigating  the 
British  Orchids,  as  to  which  she  would  like  to  have  some  suggestions  and 
assistance. 

Miss  Sargant  (Holmesdale  Natural  History  Club)  :  The  points  are  in 
relation  to  plants  with  underground  growth.  In  the  case  of  the  orchids, 
people  r^^axd  them  for  their  flowers,  which  are  open  for  only  three  or 
rour  weeks  ;  naturalists  tell  us  that  the  leaves  die  about  the  same  time, 
but  I  fancy  they  may  last  longer.  Further,  are  the  plants  reproduced  to 
any  extent  by  seed  ?  I  shall  be  glad  if  natural  history  Societies  can  give 
me  any  assistance  on  the  following  specific  points  : — 

1.  Particulars  as  to  the  length  of  time  in  the  year  during  which  the 
leaves  of  any  native  orchid  are  above  ground.  [The  leaves  are  commonly 
so  inconspicuous  that  they  escape  notice  out  of  the  flowering  season.] 

2.  Information  as  to  the  reproduction  of  such  species  by  means  oi  seed 
under  natural  conditions. 

(a)  What  species  produce  seed  freely  or  at  all  1 

(6)  In  the  case  of  each  species  examined,  are  seedlings  found  in  the 
neighbourhood  of  the  parent  plants,  and  do  they  seem  to  survive  the  first 
winter? 

(c)  In  the  case  of  young  plants — that  is,  those  which  have  not  flowered 
—can  those  which  have  grown  from  seed  be  easily  distinguished  from 
vegetative  shoots,  when  such  occur  ? 

(d)  In  genera],  what  proportion  of  the  young  plants  in  each  species 
are  seedlings  t  .    rxf^n\o 
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Of  course  I  should  like  the  information  to  be  obtained,  as  far  as 
poiBible,  without  rooting  up  the  clumps,  which  is  rather  like  kilHng  the 
goose  which  lays  the  golden  eggs.  I  should  be  glad  of  drawinga  of 
germinating  seeds. 

Section  B,  Geography. 

The  Secretary  of  the  Conference  read  the  following  list  of  subjects  for 
research  in  connection  with  local  geography,  which  he  had  received  from 
Mr.  E.  Heawood,  M.A.,  the  Recorder  of  the  Section  : — 

Correlation  of  Physical  Surface  Features  with  Geological  Structure. 

Evolution  of  River  Systems. 

Relation  of  Physical  Factors  to  Distribution  of  Population. 

Distnbution  of  Vegetation,  and  the  Relation  of  Plant-formations  to 
their  Environment. 

The  Distribution  of  Zoological  Qroups  in  Connection  with  Enviitm- 
ment. 

The  study  of  representative  types  of  Inaecla  and  MoUuaca  from  this 
point  of  view  is  specially  recommended  by  biologists,  but  it  may  be  made 
equally  interesting  from  the  point  of  view  of  geography, 

American  Handbook  of  Learned  Societies, 

Mr.  J.  David  Thompson,  who  had  just  arrived  in  England  from 
Washington,  made  the  following  remarks  :  I  want  briefly  to  say  that  tlie 
Carnegie  Institute  founded  in  the  city  of  Washington,  D.C.,  U.8.A.,  hiu 
recently  allotted  a  sum  of  money  to  prepare  a  comprehensive  '  Handbook 
on  the  Learned  Societies  of  the  World.'  I  have  been  appointed  editor,  and 
have  sent  out  circulars  and  leaflets  to  the  secretaries  of  the  societies 
included  in  the  British  Year-book,  The  historical,  literary,  and  archiBO> 
logical  are  included  with  the  scientific,  and  as  these  circulars  were  sent 
out  only  two  weeks  ago,  they  would  arrive  during  the  meetings  of  this 
Association,  so  that  the  secretaries  will  find  them  when  they  return  home. 
I  want  to  ask  you  to  favour  us  with  accurate  replies  to  these  circulars  as 
soon  as  you  are  able  to  do  so.  This  will  be  a  rather  important  and  useful 
handbook  to  all  of  you,  particularly  in  relation  to  the  foreign  societies 
with  which  you  may  wish  to  exchange  publications  ;  and  perhaps  very 
many  have  discovered  already  that  it  is  rather  difficult  to  get  into 
communication  with  some  of  them  ;  and  I  suppose  they  find  the  same 
difficulty. 

There  is  a  British  *  Year-book '  which  is  a  current  handbook,  but  only 
describes  the  publications  of  the  current  year,  and  we  wish  to  give  a 
complete  geographical  statement  of  our  societies,  and  of  those  who  are  in 
the  position  of  secretaries,  delegates,  and  other  officiab.  I  would  esteem 
it  a  favour  if  you  would  ask  your  secretaries  when  you  return  home  to 
kindly  look  into  this  matter  carefully. 

The  following  is  an  outline  of  information  desired  for  use  in  the 
preparation  of  the  *  Handbook  to  Learned  Societies '  : — 

1.  Name, — Official  name  at  the  present  time. 

2.  Address, — Postal  address  of  the  society,  and  the  name  of  the  per^ 

manent  official  (if   any)  to   whom   communications    should   be 
addressed. 
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3.  History, — Brief  historical  note,  giving  date  of  foundation  or  in- 

corporation, changes  of  name  or  organisation  («.^.,  fusion  with 
other  societies),  with  bibliographical  references  to  sources  of  fuller 
information, 

4.  Meetings. — Time  and  place. 

5.  Membership, — Number  of  members  (active,  honoraiy,  corresponding, 

<&a),  with  the  fees  paid  by  each  class. 

6.  Publications. — A.  Serial,     The  exact  title  of  each  serial  publication 

issued  by  the  Society  since  its  foundation,  giving  for  each  series 
of  such  publications  change  of  title  (if  any),  number  of  volumes 
(or  brochures),  period  covered,  place  and  dates  of  publication, 
size  and  frequency  of  publication. 

Kff,  *  Proceedings,*  v.  1-12  (1897-1902),  London,  1898-1903. 

8vo,  half-yearly. 

B.  Special. — If  a  printed  list  exists,  kindly  refer  to  it,  and  send  a 

copy  if  one  can  be  spared, 
c.  Distribution, — (i.)  Conditions  of  exchange  ]  (ii.)  prices  and  place 

of  sale. 

7.  Besea/rch  Funds  and  Prizes, — Brief    statement    indicating    field 

covered,  amount  and  conditions  of  grants  in  aid  of  research,  and 
conditions  of  competition  in  the  case  of  prizes. 

The  information  should  be  addressed  to  :  '  '*  Handbook  to  Learned 
Societies,"  c/o  Library  of  Congress,  Washington,  D.C.,  U.S.A.' 

On  the  motion  of  the  Rev.  T.  R.  R.  Stebbing,  seconded  by  Mr. 
Stanley,  a  vote  of  thanks  was  tendered  to  the  Chairman,  the  Vice- 
chairman,  and  the  Secretary,  and  the  proceedings  terminated. 

Addenda, 

At  a  meeting  of  the  Corresponding  Societies  Committee  held  on 
November  9, 1903,  the  following  Resolution  which  the  Rev.  E.  P.  Knubley 
was  desirous  of  moving  at  the  Southport  Conference,  but  was  unable  to 
move  through  inability  to  be  present  at  the  second  meeting,  received 
consideration : — 

'That  the  members  of  the  Corresponding  Societies  be  requested  to 
give  as  much  help  as  they  can  to  teachers  in  those  Elementary  and 
Secondary  Schools  which  are  taking  up  the  subject  of  Nature  Study.' 

This  Resolution  was  carried,  and  it  was  resolved  to  recommend  it  to 
the  favourable  consideration  of  the  various  Corresponding  Societies,  leaving 
the  exact  form  in  which  assistance  could  be  rendered  for  future  dis- 
cussion. 

At  the  same  meeting  Mr.  W.  Coles's  paper  was  discussed,  and  the 
following  Resolution  was  carried  : — 

'  That  the  Corresponding  Societies  be  recommended  to  enter  upon  the 
6 -inch  Ordnance  maps   any   unrecorded  natural  features  and   archieo 
logical  remains.' 
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Oaitalogue  of  the  more  important  PaperSy  and  especially  those  referring 
to  Local  Scientific  InvestigationSj  published  by  the  Corresponding 
Societies  during  the  yea/r  ending  May  31,  1903, 

*^*  This  catalogue  contains  only  the  titles  of  papers  published  in  the  volumes  or 
parts  of  the  publications  of  the  Corresponding  Societies  sent  to  the  Secretary  of 
the  Committee  in  accordance  with  Rule  2. 

Section  A. — Mathbmaticaii  and  Physicaii  Science. 

Allan,  H.  Stanley.    The  Photography  of  Sound  Waves  and  otlier 

Disturbances  in  Air.    *  Proo.  Glasgow  R.  Phil.  Soc'  xxxiii.  71-80. 

1902. 
The  Potential  Diflference  necessary  for  a  Double  Spark  Gap. 

'Proo.  Glasgow  R.  Phil.  Soc.'  xxxni.  215-218.    1902. 
Beattib,  Dr.  J.  C,  and  J.  T.  Morrison.    The  Magnetic  Elements  at 

the  Cape  of  Good  Hope  from  1606  to  1900.    *  Trans.  S.  African  Phil. 

Soc.'  XIV.  1-27.    1908. 
BiOKHAM,  S.  H.    Local  Rainfall  for  the  past  Twenty  Years.    'Trans, 

Woolhope  N.  F.  0.  1900-1902/  245-247^     1903. 
BfiACK,  J,  M.    Heat  Wave,  United  States,    '  Journal  Manch.  Geog.  Soc.' 

XVII.  229.    1902. 
Bladen,  W.  Wells.    Report  of  the  Meteorological  Section.    '  Trans. 

N.  Stafif.  F.  C:  XXXVII.  109-118.    1903. 
Blyth,  Prof.  James.    Note  on  Additional  Experiments  with  the  Electric 

Sonometer.    *  Proo.  Glasgow  R.  Phil.  Soc.'  xxxiii.  267-268.    1902. 
Brighton  and  Hove  Natural  History  and  Philosophical  Society, 

Meteorology  of  Brighton,  July  1901  to  June  1902.    *  Rep.  Brighton 

N.  H.  Phil.  Soc.  1901-1902,'  55.    1902. 
Brown,  M.  Walton.    Barometer,  Thermometer,  &c.,  Readings  for  the 

Year  1901.    '  Trans.  Inst.  Mm.  Eng.'  xxiii.  763-772.    1903. 
Burton-on-Trent  Natural  History  and  ARCHiEOLOGicAL  Society. 

Rainfall  at  Burton-on-Trent  for  the  Years  1900,  1901, 1902.     '  Trans. 

Burt.  N.  H.  Arch.  Soc.'  v,  66.    1908. 
Campbell-Bayard,  F.    Meteorological  Report  for  1901.    *  Trans.  Croy- 
don M.  N.  H.  C.  1901-1902,*  1-4,  and  Appendices  of  Tables,  63  pp. 

1902. 
Caradoc  and  Severn  Valley  Field  Club.    Meteorological  Notes,  1902. 

*  Record  of  Bare  Facts,'  No.  12,  49-61.    [1903.] 
Clark,  J.  Edmund.    The  York  Rainfall.    '  Report  Yorks.  Phil.  Soc.  for 

1902.'  59-68.    1902. 
Cornish,  Dr.  Vaughan.    The  Snows  of  Canada.    *  Proc.  Dorset  N.  H. 

A.  F.  C  XXIII.  68-66.     1902. 
Crebswell,  Alfred.    Records  of  Meteorological  Observations  taken  at 

the  Observatory  of  the  Birmingham  and  Midland  Institute,  Edgbaston, 

1902.    *  Birm.  and  Mid.  Inst.  Sci.  Soc*  80  pp.    1908. 
Dickinson,  Joseph.    Finding  Mineral  Veins  by  Electricity.    *  Trans. 

Manch.  Geol.  Soc.'  xxviii.  126-130.    1903. 
Eaton,  H.  S.    Returns  of  Rainfall,  &c.,  in  Dorset  in  1901.    'Proo. 

Dorset  N.  H.  A.  F.  C  xxiii.  134-145.     1902. 
FiELDma,  Henry.    Photographic  Enlargements  and  the  Kind  of  Nega- 
tive Needed.    « Trans.  E.  Kent  S.  N.  H.  Soc'  il  7-10.    1902.  , 
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FouRCADE,  H.  G.    On  a  Stereoscopic  Method  of  Photographic  Survej- 

ing.    *  Trans.  S.  African  Phil.  Soc'  xiv.  28-35.    1903. 
Gardner,  H.  Dent.    The  Scenery  and  Exploration  of  the  Atmosphere. 

*  Trans.  Eastbourne  N.  H.  Soc.'  iii.  308-818.     1903. 

and  H.  M.  Whitley.  The  New  Star  in  Perseus.  *  Trans.  East- 
bourne N.  H.  Soc'  III.  295-297.    1908. 

Gill,  Sir  David.  Annual  Address.  [The  Work  done  at  the  Bojal  Observa- 
tory, Cape  Town.l   *  Proc.  S.  African  Phil.  Soc.'  xiv.  xxxvii-lxix.   1908. 

Greenwood,  Capt.  W.  Nelson.  The  Life  of  a  Wave  from  its  Cradle  to 
its  Grave.     *  Journ.  Manch.  Geog.  Soc.'  xvii.  197-221.     1902. 

Grubb,  Su-  Howard,  and  Henry  Davis  (Mid.  Count.  Inst.  Eng.).  The 
Grubb  Sight  for  Surveying  Instruments.  •  Trans.  Inst.  Min.  Eng.' 
xxn.  118-125.    1902. 

Gurney,  Principal  H.  P.   (N.   Eng.   Inst.).     The  Crumlin   Meteorite. 

*  Trans.  Inst.  Min.  Eng.'  xxiv.  274-275.     1908. 

Heywood,  H.  Meteorological  Observations  in  the  Society's  District, 
1901.    *  Trans.  Cardiff  Nat.  Soc.'  xxxiv.  1-21.    1908. 

HoLMESDALB  NATURAL  HisTORY  Club.  Meteorology  at  Bedhill,  1898, 
1899,  1900,  and  1901.  *Proc.  Hohnesdale  N.  H.  C.  1899-1901/ 
48-46.     1902. 

HoPKiNsoN,  John.  The  Climate  of  Hertfordshire,  deduced  from  Meteoro- 
logical Observations  taken  during  the  Twelve  Years  1887-1898. 
'  Trans.  Heriis  N.  H.  Soc'  xi.  121-184.     1902. 

Meteorological  Observations  taken  in  Hertfordshire  in  the  Year 

1901.     '  Trans.  Herts  N.  H.  Soc.' XI.  145-154.     1902. 

Report  on  the  Rainfall  in  Hertfordshire  in  the  Year  1901.    *  Trans. 


Herts  N.  H.  Soc.'  xi.  155-164.    1902. 
Lander,  A.     The  Wind  and  the  Weather.     *  Trans.  E.  Kent  S.  N.  H. 

Soc.'  n.  10-12.     1902. 
Meteorological  Notes  for  the  Year  ending  September  80,  1902. 

*  Trans.  E.  Kent  S.  N.  H.  Soc'  n.  48-51.     1902. 
Lynam,  G.  T.     Some  Notes  on  Local  Rainfall.    *  Burt.  N.  H.  Arch.  Soc." 

V.  45-55.     1908. 
Markham,  C.  a.    Meteorological  Report — Observers'  Notes.     'Journal 

Northants   N.  H.  Soc'   xi.   180-184,   220-228,  255-260,   270-276. 

1902, 1908. 
Mawley,  Edward.    Report  on  Phenological  Phenomena  observed  in 

Hertfordshire  during  the  Year  1901.    *  Trans.  Herts  N.  H.  Soc'  xi. 

185-141.     1902. 
Meyrick,  E.    Meteorological  Observations,  1902.    <  Report  Marlb.  Coll. 

N.  H.  Soc'  No.  51,  80-89, 117-128.    1908. 
Mitchell,  Rev.  J.  C.    Results  of  Meteorological  Observations  taken  in 

Chester  during  1901.     'Report  Chester  Soc.  Nat.  Sci.  1901-1902,' 

12-18.     1902. 
Peck,  J.  W.     Thermal  Emissivity.      *Proc  Glasgow  R.  Phil.  Soc' 

xxxiii.  110-128.    1902. 
Plowright,  Dr.  C.  B.    On  the  Silver  Thaw  and  Glazed  Frost  observed 

at  King's  Lynn,  December  20-21, 1901.     '  Trans.  Norf.  Norw.  Nat. 

Soc'  vn.  846-848.    1902. 
Preston,  A.  W.    Meteorological  Notes,  1901.    *  Trans.  Norf.  Norw.  Nat. 

Soc'  VII.  872-878.    1902. 
Roberts,  Dr.  A.  W.    Variation  of  the  Star  C.P.D.  — 41*»-4511.    « Trans. 

S.  African  Phil.  Soc'  xiv.  86-41.    1908. 
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RoopER,  P.  E.    Notes  on  the  Flood  at  Glyn,  December  80-31,  1901. 

*  Report  Chester  Soc.  Nat.  Sci.  1901  -1902/  25.    1902. 
Schuster,  Prof.  A.    The  Evolution  of  Solar  Stars.    •  Proc.  Glasgow  R. 

Phil.  Soc.'  xxxiii.  1-35.    1902. 
Scott,  Dunbar  D.    Mine-surveying  Instruments.    *  Trans.  Inst.  Min. 

Eng.*  XXIII.  575-620.     1902. 
Sherwood,  Dr.  A.  P.    Bubbles  and  Drops.    *  Trans.  Eastbourne  N.  H. 

Soc' III.  848-844.     1908. 
Sutton,  J.  R.    Some  Pressure  and  Temperature  Results  for  the  great 

Plateau  of  South  Africa.    *  Trans.  S.  African  Phil.  Soc.'  xi.  248-818. 

1902. 
Results  of  some  Experiments  upon   the  Rate    of    Evaporation. 

*  Trans.  S.  African  Phil.  Soc.'  xiv.  48-65.    1903. 

Whiteley,    J.    MeteorologicjJ    Table    for    the    Year   1902  (Halifax). 

*  Halifax  NaturaUst,'  vii.  115-116.    1908. 

Whitton,  James.  Meteorological  Notes,  and  Remarks  upon  the  Weather 
during  the  Year  1900,  with  its  General  Efifects  upon  Vegetation. 
'  Trans.  Glasgow  N.  H.  Soc.'  vi.  198-218.    1902. 

Yorkshire  Philosophical  Sooibtt.  Meteorological  Record  for  the 
Year  1902.    •  Report  Yorks.  Phil.  Soc.  for  1902,'  16-21.    1903. 


Section  B. — Chemistry. 

ACKROYD,  Wm.    The  Presence  of  Salt  in  Fresh  Waters.      'Halifax 

Naturalist,'  viii.  11-14.     1903. 
Bedson,  Dr.  P.  Phillips  (N.  Eng.  Inst.).    The  Gases  enclosed  in  Coal 

and  Coal-dust.     •  Trans.  Inst.  Min.  Eng.'  xxiv.  27-40.     1902. 
Broockmann,  Dr.,  translated  by  Prof.  H.  Louis  (N.  Eng.  Inst.).    The 

Gases  enclosed  in  Coal.     *  Trans.  Inst.  Min.  Eng.'  xxiv.  18-26. 

1902. 
Dickson,  Hamilton  C.    Crucible  Assaying  of  Gold-Ores.    *  Trans.  Inst. 

Min.  Enff.'  xxu.  678-690.     1908. 
Goodwin,  W.  L.    The  Mining,  Concentration,  and  Analysis  of  Corun- 
dum in  Ontario,  Canada.    *  Trans.  Inst.  Min.  Eng.'  xxiii.  446-455. 

1902. 
HosKOLD,  C.  A.  L.    Deposits  of  Hydroborate  of  Lime  :  its  Exploitation 

and  Refination.    *  Trans.  Inst.  Min.  Eng.'  xxiii.  456-471.     1902. 
LiSHMAN,  G.  p.    The  Analytical  Valuation  of  Gas  Coals.     '  Trans.  Inst. 

Min.  Eng.'  xxiii.  567-574.     1902. 
Mum,  J.  J.    Treatment  of  Low-grade  Copper  Ores  in  Australia.    '  Trans. 

Inst.  Min.  Eng.'  xxm.  517-524.    1902. 
Muspratt,  Max.    Some  Aspects  of  Chemical  Engineering.    '  Trans. 

Liverpool  E.  Soc'  xxiii.  122-181.    1902. 
Peters,  Dr.  E.  D.  (N.  Eng.  Inst.).    Treatment  of  Low-grade  Copper 

Ores.    •  Trans.  Inst.  Min.  Eng.'  xxiv.  815-321.    1908. 
Plowright,  Dr.  C.  B.    On  the  Tinctorial  Properties  of  our  British  Dye 

Plants.    •  Trans.  Norf.  Norw.  Nat.  Soc.'  vii.  886-894.    1902. 
Stewart,  James  (N.  Eng.  Inst.).    The  Valuation  of  Gas-Coals.    *  Trans. 

Inst.  Min.  Eng.'  xxiv.  807-810.    1908. 
Thompson,  Bbebt.     How  to  interpret  a  Water  Analysis.     'Journal 

Northants  N.  H.  Soc'  xi.  161-168.    1902. 
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Habbison,  E.  B.    Eolithic  Flint  Implements.    '  South-Eastern  Natu- 
ralist for  1902,' 16-27.    1902. 
HiNTON,  Mabtin  a.  C.    On  some  Teeth  of  Bhinoceros  from  Uford,  Essex, 

"with  Bemarks  on  the  Distribution  of  Bhinoceros  in  the  Thames  Valley 

Deposits.    *  Essex  Naturalist,'  xii.  281-286.    1902. 
Johnson,  J.  P.    Neolithic  Implements  from  the  North   Downs  near 

Sutton,  Surrey.    •  Essex  Naturalist,' xn.  117-119.    1902. 
Eolithic  Implements  from  the  Plateau  Gravel  around  Walderslade, 

Kent.    *  Essex  Naturalist,'  xii.  207-217.    1902. 
JoLLBT,  J.  T.  Local  Place  Names ; « HoUock  I^a*'   '  Hajifai^  Naturalist/ 

VlTrW-56,    1902. 
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Lamb,  David.    Notes  on  Btiral  and  Suburban  Life  in  Scotland  in  the 

•  Thirtieg.*    •  Proo.  B.  Glasgow  Phil.  Soc.'  xxxm.  250-266.    1902. 
LoNOBOTTOM,  JoHN.     Upper  Saltonstall:  an  Old- World  Hamlet.  IL 

•Hali^  Naturalist/ VII.  21-27.    1802. 

An  Old-lime  Winnower.    *  Hali&x  Naturalist,'  vn.  75-77.    1902. 

Metbick,  E.    Anthropometrical  Report.    '  Report  Marlb.  GoU.  N,  H. 

Soo.*  No.  51, 129-152.    1908. 
MooBE,  H.  CBom.   Arthur's  Stone,  Dorstone.   *  Tians.  Woolhope  N.  F.  C. 

1900-1902,*  194-199.    1908. 
Pbtbib,  Trot  Flinbbbs.    Excavating  in  Egypt  and  its  Besults.    '  Bep. 

Brightcm  N.  H.  Phil.  Soc.  1901-1902,'  5-8.    1902. 
BmowooD-PsACH,  H.    Irish  Folk  and  Fairy  Lore*    '  Trans.  Eastbourne 

N.H.80C.' in.  806-807.    1908. 
St.  Glaib,  G.    Fabulous  Animals.    <  Trans.  Eastbourne  N.  H.  Soo/  m. 

802-808.    1908. 
Thompson,  Bebby.    Discovery  of  a  Bomano-British  Pottery  Kiln  at 

Corby.    '  Journal  Northants  N.  H.  Soc.'  xl  261-264.    1902. 
Tooheb,  J.  F.    The  Physical  Characteristics  of  Eskimo  of  Southampton 

Island.    <  Trans.  BuchanF.G.  1902-1908,' 65-74.    1908. 
Toms,  H.  S.    Some  Prehistoric  Camping  Grounds  near  Brighton.   '  Bep. 

Brighton  N.  H.  PhiL  Soc.  1901-1902,'  88-52.    1902. 
Wallbb,  W.  C.    Anent  a  Forest  Lodge  in  1444.    <  Essex  Naturalist,' 

145-147.    1902. 
Wabd,  John.    The  Boman  Fort  of  Gellygaer  in  the  County  of  Glamor- 
gan.   *  Trans.  Cardiff  Nat  Soc.'  xxxv.  Ill  pp.    1908. 
Whallbt,  Petbb,    a  Flint  Workshop  on  Boulsworth  Hill.    '  HaUCax 

Naturalist,' VII.  61-64.    1902. 
Wood,  Jambs  G.    Notes  on  the  portions  of  Offa's  Dyke  called  the  Stone 

Bow  and  Bow  Ditch.    *  Trans.  Woolhope  N.  F.  C.  1900-1902,'  148^ 

151.    1908. 

Section  I.— Physiology. 

BoYCE,  Prof.  BuBEBT.  Beccut  Methods  of  Sewage  Purificatron.  <  Trans. 
Liverpool  E.  Soc.'  xxni.  181-187.    1902. 

Buchanan,  B.  M.  Plague  in  some  of  its  Historical  and  Present  Day 
Aspects.    '  Proc.  Glasgow  B.  Phil.  Soc.'  xxxm.  168-179.    1902. 

Hutchinson,  Dr.  Jonathan.  Leprosy  in  the  Middle  Ages.  (Presi- 
dential Address  to  the  South-Eastern  Union  6f  Sdentiiic  Societies.) 
'  South-Eastern  Naturalist  for  1902,'  1-8.    1902. 

Jbffbbiss,  F.  B.  Microscopic  Foes.  *  Bochester  Naturalist,*  m.  141- 
147,1902;  162-155,1908. 

Section  Z.— Botany. 

Bakeb,  J.  G.  Bii^iraphical  Notes  on  the  early  Botanists  of  Northumber« 
land  and  Duriiam.    <  Trans.  Northumb.  N.  H.  Soc.'  xiv.  69-86.  1902. 

Babkbb,  T.  Bulbiferous  Forms  of  Webera  cmnoUna.  *  The  Naturalist 
&r  1902,' 285-286.    1902. 

Babnes,  J.  The  Potato — SoUmum  tuberosum — its  History,  Micro- 
scopical Characters,  and  Structure.  <  Trans.  N.  Staff.  F.  0.'  xxxvu. 
96-106.    1908. 

Behnbtt,  Abthub.  Distribution  of  Hypocharis  tnaculata  in  England. 
•The  Naturalist  for  1902,' 369-872t    1902. 
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Bsmmn^  Abthub*     James  Moriey  and  his  Herbarium  at  Swansea, 

'The  Naturalist  for  1908/ 4.    1908. 
«---*-  Liparia  loesdii  and  Teucriium  scordium  in  England.    '  Trans.  Norf. 

Uorw.  Nat.  Boo.' vn.  888-888.    1902. 
BiPWBiiii,  W«  H.    Presidential  Address.    [The  Fragrance  of  Flowers.] 

'Trans.  Nort  Norw.  Nat  Soc'  vn.  277-289.    1902, 
BmsxsAD,  Bev,  0.  H.     Holiday  amongst  Northern   Mosses.     'The 

Naturalist  for  1908/ 118-116.    1908. 
Blaikib,  J.    Beport  of  the  Botanioal  Section.    '  Trans.  N.  Staff.  F.  C* 

xxxvn.  94-96.    1908. 
BouiiO£B,6.S.  Sea-side  Plants.  '  Essex  Naturalist/ xm  125-127.  1902. 
The  Preservation  of  our  Indigenous  Flora,  its  Necessity,  and  the 

Means  ot  Accomplishing  it.    '  South-Eastern  Naturalist  for  1902,* 

28-85.    1902. 
Bbaobhaw,  a.  p.    The  Distribution  of  Fruits  and  Seeds.    'Trans. 

Manch.  Mic.  Soc.  1902,' 65-75.    1902. 
Bbitton,  C.  E.     Orchis  maculata,  sub-species  ericetorum^  Linton,  in 

Epping  Forest.    '  Essex  Naturalist,' xn.  128-124.    1902. 
Bbodb,  Bev.  T.  A.    Torkshire  Naturalists  at  Goxwold  and  Eilbum. 

'The  Naturalist  6^1902,' 277-284.    1902. 
Bbown,  N.  E.    The  Island  of  St.  Helena  and  its  Vegetation.    'Proc. 

Hohnesdale  N.  H.  C.  1899-1901,'  24-25.     1902. 
Bulman,  6.  W.    The  Origm  of  the  British  Flora.    '  Trans.  Eastbourne 

N.  H.  Soc'ui.  819-827.    1908. 
Cabadoo  and  Severn  Vallby  Field  Club.    Botanical  Notes,  1902. 

'  Becord  of  Bare  Facts,'  No.  12,  5-82.     [1908.] 
Cavebs,  F.    Some  Points  in  the  Biology  of  Hepaticed.    '  The  Naturalist 

for  1908,*  169-176.    1908. 
Cheesman,  W.  N.    Jew's  Ears  Pie  and  other  Dainties.    '  The  Naturalist 

for  1902,' 278-275.    1902. 
Christmas  Afternoon's  Fungus  Bamble.    '  The  Naturalist  for  1908,* 

101-104.    1908. 
Clabk,  Pebcy.    The  Two  Forms  of  the  Sea-Aster  {Aster  tripolium). 

'  Essex  Naturalist,'  xu.  286.    1902. 
CoATES,  Henby.    Seasonal  Notes.    (Opening  Address.)    '  Proc.  Perths. 

Soc.  Nat.  Sci.'  m.  ciii-cxi.    1902. 
Cole,  W.    The  Cryptogamic  Herbariums  of  the  late  Mr.  E.  G.  Varenne. 

•  Essex  Naturalist,'  xii.  167-168.    1902. 
CoNNOLD,  E.  T.    British  Vegetable  Galls.    '  Bep.  Brighton  N.  H.  Phil. 

Soc.  1901-1902,'  12-16.    1902. 
Cooke,  Dr.  M.  C.    Notes  on  the  larger  Fungi  observed  in  Epping  Forest, 

October  12,  1901.    '  Essex  NaturaUst,*  xn.  127-128.    1902. 
A  Fungoid  Cucumber  Disease  in  Essex.    '  Essex  Naturalist,'  xii. 

180.    1902. 
Notes  on  Fungi,  Forestal  and  others.    Mainly  Corrigenda  to  the 

'  niuskations  of  British  Fungi,'    '  Essex  Naturalist,'  xii.  181-184. 

1962. 
r— ^  Work  in  the  Field  amongst  the  Fungi,  with  Additions  to  the  Flora 

of  Epping  Forest.    '  Essex  Naturalist,'  xm.  6-12.    1908. 
CoBOTOOT,  J.  B.    The  Functions  of  Plants.    '  Trans.  E.  Kw^t  S.  N.  H. 

Soc.'  n.  14-15.    1902. 
Cik)ssLAKD,  Chableb.    The  Flora  of  Halifax.    'Halifax  Naturalist^' 
App.  177-282.    1902-1908.  ^  , 
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Cbobslakd,  Chables.    Fungus  Foray  at  Egerion  Bridge  and  AmdiffB 

Woods,  near  Whitby.    *  The  Naturalist  for  1902/  856-866.    1902. 
Fungi  of  Masham  and  Swinton.    '  The  Naturalist  for  1908/  177-181. 

1903. 
< and  J.  Nebdham.    Woodland  Studies :  I.  The  Flora  of  a  Boulder 

in  March.    *  Halifax  Naturalist/  vin.  8-10.    1908. 
Cbuhp,  W.  B.    The  Halifax  Autumnal  Gentians.    '  Halifax  Naturalist/ 

viii.  72-74.     1902. 
Afforestation  at  Ogden  and  Mixenden.    '  Halifax  Naturalist/  vu. 

108-104.     1908. 
Dixon,  H.  N.    Liverworts.     •  Journal  Northants  N.  H.  Boo.'  xi.  192- 

196.    1902. 
DuNSTON,  T.  F.    A  List  of  Plants  found  in  Div.  IX.  of  Preston's  Flower- 
ing Plants  of  Wilts.    *  Report  Marlb.  CoU.  N.  H,  8oo.'  No.  61,91- 

107.    1908. 
Fawcbtt,  J.  W.    Orchids  of  the  Derwent  Valley.    •  The  Natundist  for 

1908/121-122.    1908. 
Green,  C.  T.    A  Plea  for  the  Study  of  Micro-Fungi.    *  Beport  Chester 

Boc.  Nat.  Sci.  1901-1902,*  24.     1902. 
Halifax  Scientific  Society.    Local  Records  in  Natural 'History,  1902. 

*  Halifax  Naturalist,'  vii.  107-110.    1908. 

Hammond,  W.  H.    Botanical  Notes  relating  to  the  Summer  of  1902. 

*  Trans.  E.  Kent.  S.  N.  H.  Soo.'  ii.  89-40.    1902. 

Hannan,  W.  L.    Aquatic  Plants.    'Trans.   Manch.   Mic.  Soc.   1902/ 

86-87.    1902. 
Holland,  J.  H.    Economic  Fungi.    *  The  Naturalist  for  1908,'  61-64. 

Supplementary  Note.    lb.  11.    1908. 
Ingham,    William.    Additions  to  Sphagna  of  Yorkshire.    *  The  Natu- 

raUst  for  1902/ 881-888.    1902. 
Mosses  and  Hepatics  of  Baugh  Fell.    <  The  Naturalist  for  1908/ 

79-82.    1903. 
Inman,  T.  F.    The  Elm,  with  a  Notice  of  some  remarkable  Varieties  in 

the  Victoria  Park,  Bath.    «  Proc.  N.  H.  A.  F.  C*  x.  19-88.    1902. 
Eeeoan,  Dr.  P.  Q.    The  Hazel  {Corylus  avellana).    'The  Naturalist 

for  1902/ 809-818.    1902. 
Lees,   F.  Abnold.      Lathyrus    ochrus :    a  new  Yorkshire  Colonist. 

« The  Naturalist  for  1902,' 816-816.    1902. 
Leslie,  J.    History  and  Culture  of  the  Grape  Vine :  Part  H. — Culture. 

*  Trans.  Perths.  Soc.  Nat.  Sci.'  in.  184-190.    1902. 

Lister,  Abthub.    Mycetozoa  observed  at  the  Fungus  Foray,  1902. 

'  Essex  Naturalist,'  xni.  12.    1908. 
Mabtin,  Edwabd  a.    Protection  and  Preservation  of  Plants.    *  South- 

Eastern  Naturalist  for  1902,'  86-40.    1902. 
Massee,  Geoboe.    Notes  on  Micro-Fungi  observed  in  Epping  Forest, 

12  October,  1902.    '  Essex  Naturalist,'  xii.  128.    1902. 
Amanita  citrina,  Oon.  and  Rab.    A  Fungus  new  to  Britain  in 

Epping  Forest.    '  Essex  Naturalist,'  xii.  129.    1902. 
The  Modem  Method  of  Studying  Agarics.    '  The  Naturalist  for 

1908,' 17-20.    1908. 
and  0.  Crossland.     The  Fungus-Flora  of  Yorkshire.     *  Trans. 


Yorks.  Nat.  Union,'  Part  28,  6-62.    1902. 
Menzibs,  James.    Notes  on  certain  Perthshire  Fungi.    '  Trans.  Perths. 
Soc.  Nat- Sci/ m.  175-184,    1902-  ,•  , 
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Meybiok,  E.    Report  of  the  Botanioal  Seotion.    'Report  Marlb.  OoII. 

N.  H.  Soo.'  No.  51,  27-87.    1908. 
Moss,  0.  E.    Moors  of  South- West  Yorkshire.    *  Halifax  Naturalist,'  vii. 

88-94.   1902. 
Nicholson,  W.  A.    Variations  iu  Banu7icult^  frcaria,  with  some  Statis- 
tics.   *  Trans.  Norf.  Norw.  Nat.  Soo.'  vii.  879-882.     1902. 
Peacock,  Max  E.    The  Pollard  Willow.    *Tho  Naturalist  for  1908,' 

182-186.    1903. 
Petty,  S.  Lister.     North  Lancashire  Gall  Notes  in  1902.      'The 

Naturalist  for  1908,'  56-57.    1908. 
North  Lancashire  Botanical  Notes  in  1902.    '  The  Naturalist  for 

1908,' 84-86.    1908. 
FiCKARD,  J.  F.    Additions  to  the  Rowland  Flora.    '  The  Naturalist  tor 

1902,' 289-291.    1902. 
Undescribed  British  Variety  of  Cistus.    *  The  Naturalist  for  1908,* 

46-46.    1908. 
Prowse,  Dr.  A.  B.    A  Pear-tree  Puzzle.    *  Proc.  Bristol  Nat.  Soo*'  x. 

56-58.    1908. 
RiDDBLSDELL,  Bcv.  H.  J.    North  of  England  Plants  in  the  Bicheno 

Herbarium  at  Swansea.    '  The  Naturalist  for  1902,'  887-842.    1902. 
North  of  England  Plants  in  the  Motley  Herbarium  at  Swansea. 

'  The  Naturalist  for  1902,'  848-851.    1902. 
Further  Notes  on  Yorkshire  Plants  in  the  Bicheno  Herbarium  at 

Swansea.    '  The  Naturalist  for  1908,'  167-168.    1908. 
Robinson,  J.  F.,  and  J.  J.  Marshall.    The  Flora  of  the  East  Riding  of 

Yorkshire,  including  a  Physiographical  Sketch ;    and  a  List  of  the 

Mosses  of  the  Riding.    *  Trans.  Hull  Sci.  N.  F.  C  ii.  1-258.    1902. 
RoTHBRAY,  Lister.    West  Yorkshire  Botanical  Notes.    <  The  Naturalist 

for  1908,' 188-140.    1908. 
&[almon],  G.  E.    Plant  Records  in  Surrey,  1899, 1900,  and  1901.    <  Proc. 

Hohnesdale  N.  H.  0. 1899-1901,'  87-42.    1902. 
Savbry,  O.  B.    Mosses  of  Pool,  Yorkshire.    '  The  Naturalist  for  1902,' 

229-284.     1902. 
Shbnton,  J.  P.    PhotO'Synthesis.    '  Trans.  Manch.  Mic.    Soc.  1902,* 

64-64.    1902. 
SiDDALL,  J.  D.  The  Appearance  of  Spring  Flowers,  &c.  '  Report  Chester 

Soc.  Nat.  Sci.  1901-1902,'  25.    1902, 
Smith,  Miss  A.  Lorrain.     Mycorhiza,  the  Root  Fungus.     <  South- 

Eastern  Naturalist  for  1902,'  9-15.    1902. 
Bboth,  Arthur.    Diatoms  near  Qrimshy.    'The  Naturalist  for  1908,* 

122.    1908. 
Smith,  William  O.    Botanical  Survey  for  Local  Naturalists'  Societies. 

*  The  Naturalist  for  1908,'  5-18.    1908. 
Thomas,  T.  H.    Note  upon  Meconopsis.     *  Trans.  Cardiff  Nat.  Soc.' 

XXXIV.  68-64.    1908. 
Turner,  Charles.    The  Relationship  of  Plants  to  Light.    'Trans. 

Manch.  Mic.  Soc.  1902,'  88-48.    1902. 
White,  Jambs  W.  Bladderworts.  •  Proc.  Bristol  Nat.  Soc.' x.  78-79.  1903. 
Wilkinson,  Henrt  J.    Catalogue  of  British  Plants  in  the  Herbarium  of 

the  Yorkshire  Philosophical  Society. — Part  IX.    *  Report  Yorks.  Phil. 

Soc.  for  1902,'  88-42.    1908. 
Woodruffb-Peaooce,  Rev.  E.  A.,  and  Miss  S.  C.  Stow.    Lincolnshire 

Oalls.    <  The  Naturalist  for  1908/  186-186.    1908.  i    ^w,.|,> 
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Section  L. — ^Eduoational  Soibnob. 

GhapmaNi  Pfof.  S.  J.  On  Education  for  Bosmess  and  PoUio  Life. 
'  Trans.  Manch.  Stat.  Soo.  1901-1902/  128-188.    1902. 

Flint,  Bev.  Dr.  W,  The  Leffal  and  Eocmomio  Bases  of  some  Colomai 
Teaching  Universities,  wiu  a  local  application.  '  Trans.  S.  African 
Phil.  Soc.' XIV.  79-97.    1908. 

FoBBE8»  Alexakdeb  (Mining  Inst.  Scot.).  The  Tedinical  Instmction 
of  Working  Miners,  with  Suggestions  as  to  Mine  Managers'  Examina- 
tions.   '  Trans.  Inst  Min.  Eng.' XXV.  101-107.    1908. 

HaiiL,  Hbnbt.  Industrial  Education.  'Trans.  Manoh.  GeoL  Soc.' 
xxvm.  47-68.    1908. 

Knight,  James.  The  Training  of  Teachers  in  StJotland.  *Proe. 
Glasgow  B.  PhiL  Soc.'  xxxra.  86-70.    1902. 

Nbate,  Pbbcy  J.  The  Educational  Value  of  Scientific  Societies. 
(Presidential  Address.)    'Bochester  Naturalist/  m.  149-155,     1908." 

Webthbimbb,  Prof.  J.  The  Training  of  Industrial  Leaders.  '  Tra^*. 
Inst.  Min.  Eng.'  xxiii.  494-501.    1902. 


Obituaby. 

Abotll,  Duke  of.    By  J.  6.  Ooodchild.    '  Trans.  Edinb.  Geol.  Soc/  vm. 

176-181.    1908. 
Bennie,  James.    By  Dr.  Home.    <  Trans.  Edinb.  QeoL  Soc.*  viu.  187 

198.    1908. 
Bbos,  W.  Law.    By  O.  A[bbott].    <  South-Eastem  Naturalist  for  1902, 

xxni.-xxiv.    1902. 
BuBLiNaHAM,  the  late  D.  G.,  at  King's  Lynn.    By  Dr.  G.  B.  Plowndbi 

*  Trans.  Norf.  Norw.  Nat.  Soc.*  vii.  414-421.    1902. 
Dubbant,  Edmund.  By  W.Cole.  '  Essex  Naturalist,' xnl  171-172.  1902. 
Hendebson,  John.    By  J.  G.  Goodohild.    <  Trans.*  Edinb.  GeoL  Soc' 

viii.  166-175.    1908. 
Hobkibk,  Chables  p.  By  B.  *  The  Naturalist  for  1908/  105-108.  1908. 
EmBT,  J.  W.  By  Dr.  Home.  *  Trans.  Edinb.  Geol.  Soc.'  vm.  281-286.  1908. 
Mansel-Plbydell,  John  Clavell.    By  the  Hon.  Morton  G.  Stuart- 
Gray.    '  Proc.  Dorset  N.  H.  A.  F.  C  xxm.  Ixii-lxiiL    1902. 
Nicholson,  Bev.  Geobge.    By  W.  D.  Griok.    '  Journal  Northanta  N.  K 

Soc.'  XL  185-191.    1902. 
Pbiob,  Dr.  B.  C.  A.    By  C.  Tfite].    'Proe.  Somerseteh.  A.  N.  H.  Soc* 

vm.  127.    1908. 
Sanfobd,  William  Ayshfobd.  By  C.  T[ite].  '  Proc.  Somerseteh.  A.  N.  H. 

Soc.'  vm.  122-125.    1903. 
Shipman,  James.    By  Prot  J.  W.  Carr.    '  Beport  Noti  Nat.  Boc.  1901- 

1902,' 19-20.    1908.    > 
1?homas,  John,  Punt-Gunner.    By  A.  Patterson.    '  Trans.  Norf.  Norw. 

Nat  Soc.' vn.  889-845.    1902. 
Walkbb,  Hbnby,  F.G.S.    By  W.  Cole.    'Essex  Naturalist,'  xii.  173- 

175.    1902. 
Wabd,  Edwabd.    '  Trans.  Manch.  Mic  Soc.  1902,'  94,  95.    1902..  '  . 
Wioham,  Bobebt.    By  W.  H.  Bidwell.    '  Trans.  Nocf.  Norw,  Nat.  Soo.' 

VII.  298-803.     1902. 
Williams,  Bev.  W.  P.    ByC.  T[ite].    *  Proc.  Somwetsh.  A.  N.  H.  S99/ 

vm.  126.    1908,    ,     .;  ,  .„,  .„  ■  ^   _  ^     ^  .:.^'.u;i  ,Li'*^  ^L 
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TRANSACTIONS  OF  THE  SECTIONa 


Section  A.— MATHEMATICAL  AND  PHYSICAL  SCIENCE. 
Presidbkt  of  the  Section — Charles  Vernon  Bots,  F.R.S. 


TnURSDAT,  SEPTEMBER  10. 
The  President  delivered  the  following  Address : — 

The  first  daty  of  every  occupant  of  this  Ohair  is  a  sad  one.  Year  bj  year  the 
record  grows  of  those  who  hare  devoted  their  lives  to  the  development  of  mathe« 
matical  and  phvsical  science,  of  those  who  have  completed  their  work.  The  past 
year  has  adaea  many  names  to  the  record — more,  it  seems,  than  its  fair  share. 
The  names  include  some  of  the  most  brilliant  and  active  of  our  race,  of  those  to 
whom  this  Assodation  is  deeply  indebted,  and  also  of  our  fellow  worlmien  in  other 
countries  whose  loss  is  no  less  to  be  deplored. 

Lord  Salisbury's  devotion  to  the  emi)«re,  of  which  this  is  not  the  occasion  to 
speak,  left  him  but  little  time  for  those  scientific  pursuits  in  which  he  took  so  keen  an 
interest.  Once,  however,  as  President  of  this  Association,  he  showed  our  members 
that,  unlike  the  majority  of  our  statesmen,  science  was  not  to  him  a  phantom.  His 
Address  at  Oxford  will  remain  in  the  memories  of  all  who  heard  it.  The  eloquence, 
the  humour,  the  satire,  the  subtlety  provided  an  intellectual  treat  ^  the  rarest  kind. 

Of  Sir  George  Gabriel  Stokes  and  his  work  it  is  not  possible  for  me  to  speak. 
Any  attempt  on  my  part  to  appreciate  or  gauge  the  value  of  the  work  of  such  a 
giant  woola  be  an  impertinence.  This  can  only  fitly  be  done  by  one  of  our  leaders, 
and  Lord  Kelvin  has  pcud  a  fitting  tribute  in  the  pages  of  <  Nature.'  I  can  only 
record  the  fact  that  Stokes  was  for  seven  years  Secretary,  and  twice  President  of 
this  Section,  and  in  1869  was  President  of  the  Association. 

l>r.  Gladstone,  for  fifty-three  yeara  a  member  of  this  Association,  was  not  only 
an  unfiuling  attendant  at  our  meetings,  but  an  active  member  whose  stesdy  stream 
of  ordinal  communications  on  subjects  connecting  physics  and  chemistry  earned 
for  him  the  deeiffnation  of  Creator  of  Physical  Chemistry.  His  investigations  on 
roectroscopy,  renactivity  and  electrolytics  are  known  to  every  student  of  physics. 
His  researches  upon  early  metallurgical  history,  while  of  less  importance  to  the 
progress  of  science,  are  none  the  less  interesting.  An  ardent  apostle  of  education, 
he  was  for  twenty-one  years  a  member  of  the  London  School  Board,  and  three 
vears  vice-chairman.  Dr.  Gladstone  was  the  first  President  of  the  Physical  Society. 
he  has  been  President  of  the  Chemical  Sociely,  and  at  the  last  meeting  of  the 
British  Association  at  Southport— as  also  in  1872— he  was  President  of  tJie  Chemical 
Section.  So  long  ago,  he  said,  in  urging  the  importance  of  science  as  a  factor  in 
education,  that  the  so-called  educated  classes  were  not  only  ignorant  of  science, 
but  had  not  arrived  at  the  knowledge  of  their  own  ignorance. 

It  is  not  possible  to  pass  on  without  paying  a  tribute,  in  which  all  who  knew 
Dr.  Gladstone  will  share,  to  his  character  no  less  than  to  his  genius. 

Sir  William  Roberts  Austin  was  nrobablv  one  of  the  most  active  members  that 
this  Association  has  known.  Not  only  had  he  for  many  years  made  the  subject  of 
metala  and  alloys  his  own,  but  he  worked  for  the  Association  in  many  wavs.  .At 
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three  meeUiigB  have  audiences  been  charmed  hj  his  fascinatine  and  Inrilliant  evoung 
lectaresy  all  relating  to  metals.  He  was  President  of  the  Chemical  Section  at  the 
Cardiff  meeting  in  1891,  and  not  only  did  he  perform  these  duties,  but  he  accepted 
the  more  laborious  and  more  thankless  task^  for  which  his  unfailing  courtesy  and 
tact  so  well  fitted  him,  of  acting  as  our  General  Secretary  for  four^ean.  His  laboors 
in  the  important  field  of  research  which  he  tilled  were  appreciated  by  numerous 
technical  societies  and  iustitutioas  ef  whieh  he  was  as  honoraty  meiiner,  or  had 
been  president  or  rice-president  Manr  branches  of  the  public  service  had  the 
advantage  of  his  skill  and  experience,  which  received  the  official  reward  in  1899. 

Dr.  Common's  skill  as  a  designer  and  constructor  of  instruments  was  well 
known.  His  instinct  or  judgment  in  producing  planes  and  figured  concave 
mirrors  of  great  ^mansions  was  rare,  for  this  is  aa  art  almost  unknown  in  the 
laboratory.  His  generosity  and  his  valuable  itdvice  have  been  appreciated  by 
many  besides  myself. 

Rev.  H.  W.  Watson,  Second  Wrangler  and  Smith's  Prizeman  in  1850,  waa 
a  Vice-President  of  the  British  Association  in  1886.  Mathematical  physicists 
are  familiar  with  the  joint  work  of  himself  and  Burbury  on  '  Qeneralised  Co-ordi- 
nates,' and  with  his  mathematical  articles. 

In  Otto  Hilger,  the  brother  of  the  late  Adam  Hilger,  who  between  them 
brought  to  this  country  German  thoroughness  and  Iraich  skill  in  instrument 
manufiicture,  we  have  lost  one  of  our  first  and  most  valuable  constructors.  Noted 
for  the  hiffh  class  of  sli  the  optical  work  tamed  oat  br  the  firm,  Otto  ffilger  wms 
not  afraid  ci  attacking  the  problem  of  mannfictanng  the  BfSchelson  eohekm 
gratii^.  This  little  bundle  of  glass  plates  requires  for  its  suceess  perfeedoB  sad 
precision  commensurable  only  with  the  genius  of  the  ini^Bfntor.  This  Otto  Hilgsr 
supped. 

I)ean  Farrar,  a  life'member  of  the  British  Association,  whose  activity  li^  is 
another  direction,  showed  his  appreciation  of  the  value  of  science  in  educatioii  by 
appointing  the  first  science  master  at  Marlborough  when  he  became  headmaster  in  the 
year  1870.  As  I  was  a  boy  at  the  school  at  that  time,  I  can  speak  of  the  inorsdiili^ 
with  which  such  an  announcement  was  at  first  received  and  of  the  c^eoeral  Mbag 
that  sudi  an  action  was  akin  to  a  joke.  I  vms,  however^  by  nomeaBstheoiilyboy 
n^  hailed  the  news  with  delight.  We  devoured  the  feast  of  chemistiT  and 
phyrics  put  before  us  by  Rodwell  and  the  books  which  at  once  became  avauable. 
Out  of  gratitude  to  the  late  Dean  of  Canterbnrv  I  recall  tins  episode. 

James  Wimshurst,  the  inventor  of  the  influence  machine  whidi  has  carried 
his  name  into  every  comer  of  the  sdentific  world,  was  not  a  member  of  tiua 
Association,  but  he  fostered  and  encouraged  the  scientific  spirit  in  young  man  who^ 
by  good-fortune,  came  to  know  him.  I  do  nut  tUnk  I  have  heard  anvone  8p<rfren 
of  with  such  gratitude  and  appreciation  as  Wimshurst,  by  men  who  in  their  younger 
days  were  allowed  the  ran  of  his  well-equipped  workshop. 

James  Glaisher,  best  known  as  a  balkK>ni8t  in  the  sixdes,  has  died  at  the 
great  sge  of  ninety-tliree.  The  balloon  ascent  with  Cox  well  on  September  5, 
1862,  when  they  attained  the  altitude  of  87,000  feet,  will  long  remain  in  the 
popular  imagination,  not  on  account  simply  of  the  great  altitude,  but  by  reason 
of  the  sensational  account  of  their  having  been  paralysed  with  oold,  and  of  their 
being  able  to  stop  the  ever-increasing  ascent  only  by  the  presence  of  mind  of 
Ooxwell,  who,  with  his  limbs  frozen,  seized  the  valve  rope  with  his  teeth,  and  so 
let  out  the  gas. 

While  this  event  remains  in  everyone*s  mind,  the  more  prosaic  woric  of 
Glaisher  in  astronomy,  meteorology,  and  photography,  when  most  of  us  were 
children,  and  many  yet  unborn,  led  to  his  being  elected  president  of  various 
learned  sodetiee. 

He  gave  one  of  the  evening  lectures  of  the  British  Association  in  186S|  the 
subject  being  balloon  ascents. 

A.  F.  Oflier,  the  inventor  of  the  self-recording  direction  and  pressure  anemo- 
meter and  rain  gauge,  whose  active  meteorological  work  was  earned  out  hi  the 
first  half  of  the  last  century,  when  he  contributed  papers  to  the  British  Associa- 
tion and  the  lAterary  and  Philosophkal  Society  of  Kmungham.  has  died,  at  tiie 
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8lW  greater  age  6f  nitiety-fiTe.  He  waa  Vice-President  of  the  Britisli  Association 
in  1865. 

Of  other  countries,  America  has  lost  Professor  J.  Willard  Gibbs,  a  mathe- 
matical physicist  whose  yery  learned  and  original  contributions  to  the  knowled^ 
of  the  world  on  the  thermodynamical  properties  of  bodies,  on  yectors,  the  kinetic 
theory  of  gases,  and  other  ab^ruse  subjects,  haye  receiyed  the  highest  recognition 
that  the  Teamed  societies  of  tins  country  can  bestow.  Professor  Harknees,  the 
astronomer,  and  Professor  Rood,  the  skilled  experimental  physicist  of  Troy,  haye 
also  maintained  the  high  standard  that  we  now  look  for  in  American  science. 

Germany  has  lost  Professor  Dddimiiller,  ProfSsssor  of  Astronomy  at  Bonn, 
at  an  early  age.  Sweden  has  lost  Professor  Bjerknes,  whose  hydrodynamical 
experiments  shewing  attraction  and  repulsion  were  so  much  admired  when  he  per- 
^rmed  them  at  a  meeting  of  the  Physical  Sodel^  some  twenty-five  years  ago. 
Switzeriind  has  lost  Professor  C.  BcdTour,  the  astronomer ;  and  Italy  has  lost 
Professor  Luiffi  Cremona,  a  foreiffn  member  of  this  Assodation,  Principal  of  the 
En^iiieering  &fa6(^  in  Borne,  whose  contributions  to  pure  geometry  and  to  its 
applications  haye  made  him  famous. 

Of  the  eyents  of  the  last  year,  one  stands  out  beyond  all  others,  not  only  for 
its  intrinsic  importance  and  reyolutionary  possibilities,  but  for  the  excitement  that 
it  has  raised  among  the  general  public.  The  discoyery  by  Professor  and  Madame 
Cuiie  of  what  seems  to  be  the  eyerlasting  production  of  heat  in  easily  measurable 
quantity  by  a  minute  amount  of  a  radium  compound  is  so  amazing  that,  eyen  now 
Uat  many  of  us  haye  had  the  opportunity  of  seeing  with  our  own  eves  the  heated 
thermometer,  we  hardly  are  able  to  believe  what  we  see.  This,  which  cui 
barely  be  distinguished  from  the  discoyery  of  perpetual  motion,  which  it  is  an 
axiom  of  science  to  call  impossible,  has  left  every  chemist  and  physicist  in  a  state 
of  bewilderment.  Added  to  this,  Sir  William  Orookes  has  devisea  an  experiment, 
characteristic  of  him,  if  I  may  say  so,  in  which  a  particle  of  radium  keeps  a  screen 
bombarded  for  ever,  so  it  seems,  each  collision  producing  a  microscopic  flash  of 
liffht,  the  dancing  and  multitude  of  which,  forcibly  compel  the  imagination  to 
follow  the  reasoning  faculties,  and  realise  the  existence  of  atomic  tumult.  Thanks 
to  the  industry  and  genius  of  J.  J.  Thomson,  Rutherford  and  Soddy,  Sir  William 
and  Lady  Huggpins,  Dewar  and  Ramsay,  and  others  in  this  country,  besides  Pro> 
fessor  and  Madame  Curie  and  a  host  of  others  abroad,  this  mystery  is  being 
attacked,  and  theories  are  being  invented  to  account  for  the  marveUous  reenilts 
of  observation ;  but  the  theories  themselves  would  a  few  years  ago  have  seemed 
more  wonderful  and  incredible  than  the  facts,  as  we  l)elieTe  them  to  be,  do 
to-day.  An  atom  of  radium  can  constantly  produce  an  emanation,  that  is  some- 
thing like  a  ga^,  which  escapes  and  cames  with  it  wonderful  properties ;  but 
the  tttom,  the  thing  which  cannot  be  divided,  remains,  and  retains  its  weight. 
The  emanation  is  truly  wonderful.  .  It  is  self-luminous,  it  is  condensed  by 
extreme  cold  and  vapoarises  affain ;  it  can  be  watched  as  it  oozes  through  stop- 
cocks or  hurries  throuffh  tubes,  but  in  amount  it  is  so  small  that  it  has  not  yet 
been  weighed.  Sir  William  Ramsay  has  treated  it  with  a  chemical  cruelty  that 
would  well^igh  have  annihilated  the  most  refractory  or  permanent  known 
element ;  but  this  evanescent  emanation  comes  out  of  the  ordeal  undimmed  and 
undimintriied. 

Not, content  with  manufacturing  so  remarkable  a  substance,  the  radium  atom 
sends  oni  three  kinds  of  rays,  one  kind  being  much  the  same  as  Ri)ntgen  rays, 
but  wholly  different  in  ionising  power,  according  to  the  experiments  of  Strutt. 
Each  of  these  consists  of  particles  which  are  shot  out,  but  they  have  difibrent 
penetraUve  power;  they  are  differently  deflected  by  magnets  and  also  by  electri- 
city, and  the  quantity  of  electricity  in  relation  to  the  weight  is  different,  and  yet 
the  atom,  the  same  atom,  remains  unchanged  and  unchanffeable.  Not  only  this, 
but  ndium  or  its  emanations  or  its  rays  must  graduaUy  create  other  bodies 
^g^»ent  from  tadium,  and  thus,  so  we  are  told,  one  at  least  of  those  new  gases 
which  but  yesterday  were  discovered  has  its  origin. 

Then,  again,  just  as  these  gases  have  no  chemical  properties,  so  the  radium 
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which  produces  them  in  some  respects  behayes  in  a  manner  contrary  to  that  ot 
all  proper  chemicals.  It  does  not  lose  its  power  of  creating  heat  even  at  the 
extreme  cold  of  liquid  air,  while  at  the  fpreater  degree  of  cold  of  liquid  hjdrogen 
its  activity  is  found  by  Professor  Dewar  to  he  actually  greater. 

Unlike  old-fashioned  chemicals  which,  when  they  are  formed,  have  all  their 
properties  properly  developed,  radium  and  its  salts  take  a  month  before  they 
have  acquired  their  fall  power  (so  Dewar  tells  us),  and  then,  for  anything  we 
know  to  the  contrary,  proceed  to  manufacture  heat,  emanations,  three  kinds  of 
rays,  electricity,  and  gases  for  ever.  For  ever ;  well,  perhaps  not  for  ever,  but 
for  80  long  a  time  that  the  loss  of  weight  in  a  year  calculated,  I  suppose,  rather 
thau  observed,  is  next  to  nothing.  Professor  Rutherford  believes  that  thorium  or 
uranium,  which  act  in  the  same  kind  of  way,  but  with  far  less  vigour,  would  last 
a  million  years  before  there  was  nothing  iett,  or  at  least  before  they  were  worn 
out ;  while  the  radium,  preferring  a  short  life  and  a  merry  one,  could  not  expect 
to  exist  for  more  than  a  few  thoussiid  years. 

In  this  time  one  gramme  of  radium  would  evolve  one  thousand  million  heat 
units,  sufficient,  if  converted  into  work,  to  raise  five  hundred  tons  a  mile  high ; 
whereas  a  gramme  of  hydrogen,  our  best  fuel,  burned  in  oxygen,  only  yields  thirty- 
four  thousand  heat-units,  or  one  thirty-thousandth  part  of  the  output  of  radium. 
I  believe  ^at  this  is  no  exaggeration  of  what  we  are  told  and  of  wnat  is  believed 
to  be  experimentally  proved  with  regard  to  radium ;  but  if  the  half  of  it  is  true 
the  term  '  the  mystery  of  radium '  is  inadequate :  the  miracle  of  radium  is  the 
only  expression  that  can  be  employed. 

Witn  all  this  mystery  before  us,  which  I  must  confess  myself  wholly  unable 
to  follow,  I  feel  sure  that  members  of  the  Association  who  are  interested  in  the 
work  of  this  Section  will  welcome  the  discussion,  for  which  our  secretaries  have 
been  able  to  arrange,  and  hear  from  the  lips  of  Profess 3r  Rutherford  the  con- 
clusions to  which  his  researches  have  at  present  broug^ht  him.  No  ohe  is  more 
fitted  than  Professor  Rutherford  to  open  such  a  discussion,  for  no  one  has  attacked 
the  theoretical  side  with  such  originality  and  daring,  or  with  such  ingenuity  of 
experiment. 

As  an  example  of  the  activity  of  mind  and  of  research  to  which  the  activity 
of  radium  has  given  rise,  I  may  mention  tho  fact  that  the  last  number  of  the 
*  Proceedings  of  the  Royal  Society  '  is  wholly  concerned  with  radium,  there  being 
four  papers,  all  of  the  first  importance,  dealing  with  entirely  different  phenomena. 

It  is  not  my  purpose  to  review  these  or  the  subject  of  radium  generally;  1 
am  in  no  way  fitted  to  do  so.  But  I  cannot  well  let  the  present  opportunity  pa» 
of  reforring  to  another  mastery  of  which  a  conspicuous  example  is  now  leaving 
us.  I  refer  to  the  mystery  of  the  comet  and  its  tails.  What  is  a  comet  P  of 
what  does  its  tail  consist  P  Gravitational  astronomy  has  told  us  for  many  years 
past  that  compared  with  the  planets  or  th^ir  satellites  a  comet  does  not  weigh 
anything.  It  weighs  pounds  or  perhaps  hundreds,  thousands,  or  millions  of  tons ; 
but  in  comparison  witn  inconspicuous  satellites  it  weighs  nothing.  Yet  some  of 
them  as  they  approach  the  sun  from  remote  regions  begin  to  shoot  out  streamers 
which  pour  away  as  though  repelled  by  the  sun,  not  being  left  as  a  trail  bdund 
the  comet,  as  is  so  often  supposed.  These  streamers,  ejected  towards  the  sun, 
bend  round  and  pour  away  at  speeds  which  are  enormous  compared  with  that  of 
the  comet  itself,  thus  producing  the  tail.  Now  these  streams  separate  very  often, 
and  give  rise  to  comets  with  two  or  three  tails. 

The  comet's  tail  Is  still  a  mystery.  Let  me  take  the  most  recent  explanation, 
which  was  set  forth  only  three  months  ago  in  the  '  Astrophysical  Journal  *  in  the 
United  States.  Those  admirable  experimentalists  Nichols  and  Hull  have  for 
some  years  been  investigating  the  back  pressure  exerted  by  the  action  of  light 
upon  bodies  on  which  it  falls.  In  this  they  have  followed  the  Rusuan  physicist 
I^bedew,  but  in  minuteness  and  delicacy  of  measurement,  and  in  their  successful 
elimination  of  disturbances,  their  results  are  unequalled.  It  is  sufiicient  to  say 
that,  difficult  and  minute  as  the  experiment  is,  their  success  is  such  that  the 
discrepancy  between  the  calculated  force  and  that  which  they  have  found  ia  under 
1  per  cent.  Perhaps  I  may  express  some  satisfaction  that  in  this  measurement 
use  was  made  of  the  quartz  fibre.  /     r^,-^,^  i  /> 
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HaTini  now  definite  and  accurate  confinnation  of  the  existence  of  the  force 
produced  by  the  action  of  light,  or  rather  radiation,  Nichols  and  Hull  proceed  to 
examine  the  question  as  to  how  far  such  repulsion  may  be  competent  to  OTercome 
the  graTitative  attraction  of  the  sun  and  drive  away  the  matter  which  pours  out 
from  the  comet.  It  is  interesting  to  note  here  that  Kepler  put  forward  this  very 
idea,  and  that  Newton,  the  inventor  of  the  corpuscular  theory  of  light,  looked 
upon  the  suggestion  with  some  favour. 

Coming  now  to  this  recent  paper  of  Nichols  and  Hull,  we  find  first  the 
consideration  of  the  relation  of  the  attraction  by  gravitation,  and  the  repulsion  by 
light  upon  particles  of  different  sizes  and  densities.  Density  has  no  iniQuence  on 
the  action  of  light,  while  it  is  favourable  to  gravitation,  and  therefore  unfavour- 
able to  tail  formation.  Size  is  favourable  to  both,  but  more  to  gravitation  than  to 
light,  for  if  the  diameter  of  a  particle  be  doubled,  one  is  increased  eightfold  and 
the  other  only  four.  So  size  fevours  gravitational  attraction.  Conversely,  of 
course,  smallness  favours  repulsion  by  light,  which  relatively  should  get  greater 
and  gr«atet  as  the  particles  diminish  in  size.  At  last,  then,  a  degree  or  smallness 
may  be  reached  in  which  the  repulsion  by  light  will  actually  be  equal  to  the 
attraction  by  gravitation,  and  such  a  particle  would  remain  in  space,  its  motion 
unaffected  by  our  sun.  Let  the  diminution  of  size  continue,  and  then  the 
repulsion  wul  be  in  exce^,  and  if  the  law  were  to  continue  it  would  with 
sufficient  diminution  become  relatively  as  large  as  we  please. 

The  law,  however,  does  not  continue.  Schwsrzschild  has  shown  that  when  the 
particles  <lre  small  enough,  light  does  not  act  upon  them  in  the  same  way. 
Owing  to  diflraction,  the  effect  of  light  is  undulv  great  for  a  certain  very  small 
size  of  particle,  while  it  fails  almost  entirely  when  the  particle  is  made  much 
smaller.  Thus  it  is  that  the  indefinite  increase  in  the  repulsion  by  light  as 
compared  with  the  attraction  by  gravitation  with  diminution  of  size  of  psrticle  is 
checked,  and  when,  according  to  theory,  with  a  particular  density  of  particle,  the 
light  pres^]ure  is  about  twenty  times  as  great  as  gravitational  attraction,  further 
diminution  of  size  ceases  to  favour  the  action  of  light,  and  it  begins  to  fall  off 
again.  The  distance  of  the  particle  from  the  sun  has  no  influence  upon  the 
relation  between  the  two  kinds  of  forces,  lor  they  rise  and  fall  together.  Nichols 
and  Hull,  therefore,  while  not  denying  that  other  causes  may  operate,  believe 
that  %ht  pressure  is  adequate  to  account  for  the  phenomena,  and  that  where 
the  material  coming  from  the  head  or  comet  proper  is  of  two  or  three  kinds, 
whether  of  density  or  of  size  of  particle,  the  separation  of  the  two  or  three  tails 
should  naturally  follow. 

This  theory  presupposes  that  the  nucleus  of  a  comet  will  be  able,  owing  to  the 
evolution  of  gas  under  the  sun's  heat,  to  send  out  enormous  quantities  of  dust,  the 
finer  and  lij^ter  the  better,  so  long  as  it  is  not  unduly  small  with  respect  to 
a  wave-length  of  light.  Such  dust  would  account  for  any  reflected  solar  light 
that  the  spectroscope  may  show,  but  it  is  not  easy  to  see  how  the  spectrum  of 
hydrocarbons,  of  sodium,  and  of  other  metal,  should  be  produced  for  lack  of 
temperature.  It  is  not  easy  to  see  why  fortuitous  dust  should  be  graded  of  such 
sizes  at  to'  give  well  separated  and  defined  tails ;  it  is  not  easy  to  see  how  the 
dust  could  be  produced  in  sufficient  quantity  to  provide  visible  illumination  to 
millions  of  millions  of  cubic  miles  of  space  through  which  it  may  be  passing  at 
ultra-planetary  velocity,  even  though  in  looking  through  a  million  miles  or  so  one 
grain  of  dust  in  a  hundred  miles  might  suffice  to  supply  the  light. 

Other  theories  of  the  comet's  tail  require  an  electrified  sun,  the  existence  of 
which  is  ^rplained  by  Arrhenius  as  being  caused  by  the  emission  hy  the  sun  of 
negatively  charged  electrons  which,  picking  up  condensing  gases  as  Aitkins's  dust 
picKS  up  moisture  from  the  atmosphere,  are  driven  away  by  the  light  pressure. 
Arrhenius  believes  that  these  acting  on  the  matter  in  the  tail  would  give  rise 
to  the  bright  line  spectra  which  have  been  observed.  The  result  of  all  this 
escape  of  negative  electricity  is  a  positively  charged  sun,  but  what  limits  the 
charge  in  the  sun  it  is  difficult  to  see,  as  it  is,*  why  the  electrostatic  attraction 
helped  by  gravitation  does  not  ultimately  stop  the  action. 

NicMs  tad  Hull,  while  calling  to  their  aid  the  researches  of  Schwarz- 
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fichild  to  give  them  a  repulsive  force  some  twenty  tamee  as  great  as  gtSTita- 
tive  attraction,  do  not  seem  to  have  ^iven  due  weoght  to  the  extremelj  mall 
range  of  size  of  particle  for  which  this  high  effect  is  arailahie.  The  maximmn 
effect  for  any  wave-length  according  to  Sciiwarzschild  is  produced,  when  the  siie 
is  such  that  a  wave-length  will  just  reach  round  it ;  that  is,  with  ordinary  ligkk 
when  the  diameter  is  between  one  hundred  thousandth  uid  one  hundred  and 
fifty  thousandth  of  an  inch.  If  the  diameter  is  two-and-a*half  times  the  wave- 
length the  action  of  U^t  is  only  equal  to  gravity  wiUi  a  material  of  the  densitj 
of  water ;  or  again,  if  it  is  reduced  to  one-eighth  of  a  wave-length  it  again  becomet 
equal,  and  in  these  two  cases  there  is  no  resultant  action.  With  either  larger  or 
smaller  particles  ^vity  rapidlv  gets  the  better  of  light,  while  the  high  advantage 
of  light  over  gravity  is  connned  to  very  narrow  limits. 

What  the  sifting  process  can  be  that  will  give  rise  to  such  a  quantity  oi  this 
microscopic  dust  we  can  hardly  expect  to  be  told,  nor  why  even  if  the  naaterial 
should  in  some  mysterious  way  be  graded,  the  ungraded  wave-lengths  of  the  solar 
spectrum  should  allow  of  the  marked  separation  in  some  instuicee  of  comets' 
tails. 

One  thing,  however,  they  do  assert,  and  that  is  that  the  light  pressure  can  have 
no  action  on  a  gas,  so  that  if  what  we  see  is  consideied  to  be  gaseous  the  light 
pressure  theory  must  be  throvm  over  for  some  other. 

I  cannot  leave  this  excursion  of  Nichols  and  Hull  into  a  speculative  domain  of 
science  without  expressing  my  admiration  of  the  experimental  work  which  they 
have  accomplished,  or  of  my  appreciation  of  the  ingenui^  and  daring  with  which 
they  have  attempted  the  hitnerto  unheard-of  feat  of  making  a  comet. 

While  the  theorv  just  referred  to  may  be  the  most  recent  it  must  not  cm  that 
account  be  supposed  to  displace  all  that  has  gone  before ;  the  authors  themaelvea 
do  not  suggest  this ;  it  is  the  last  thing  that  would  occur  to  them.  They  have 
referred  to  the  researches  of  Bredeohin  that  occupy  so  large  a  proportion  of  the 
annals  of  the  Observatory  of  Moscow. 

It  is  impossible  to  read  even  a  tithe  of  these  without  feeling  that  the  auhyeci 
of  comets  and  their  tails  is  one  which  firedechin,  by  his  amaxing  industry,  has 
made  his  own  property,  and  that  any  stranger  casually  passing  by  and  takmg  a 
random  shot  should  receive  the  severe  p^alty  awarded  to  poachers  in  this 
country.  Bredechin  has  dealt  unmercifully — I  do  not  say  unjustly — vrith  the 
author  of  at  least  one  such  random  theory. 

It  is  therefore  with  fJie  greater  diffidence  and  more  urgent  plea  for  £>rbear- 
ance  that  I  venture  to  draw  certain  parallels  and  hazard  certain  suggestiooa 
which  I  admit  freely  have  not  reached  a  stage  at  which  detailed  comparisons  with 
known  comets  are  possible. 

It  does  not  seem  possible  now  to  contemplate  the  phenomena  of  the  comet,  of  the 
divided  tails,  of  their  tenuity  and  transparency,  of  the  pale  luminosity,  partly 
reflected  solar  light,  partly  light  as  from  a  glowing  gas ;  of  t^e  gradual  wearing' 
out  and  disappearance  of  those  comets  which  constantly  pay  visits  to  solar  regions, 
with  all  the  mysteries  of  radium  now  so  much  in  evidence  without  tracing  the 
features  in  which  they  resemble  one  another.  By  radium,  of  course,  I  mean  anv 
material  with  the  remarkable  radio-active  properties  that  radium  exhibits  witk 
such  pre-eminent  splendour,  whether  known  in  the  laboratory  or  not. 

How  many  physicists  have  been  peering  at  comets  through  radium  spectacles, 
or  how  many  astronomers  detect  the  sparkle  of  radium  in  the  fairy  tresses  of 
their  hirsute  stars  I  know  not.  One  writer,  however,  T.  C.  Chamberiin,  so  long 
ago  as  July  1901,  looked  upon  a  connexion  between  radio-active  materials  sndi  as 
were  then  known  and  comets  as  at  least  worth  considering.  Ghamberlin's  paper 
in  the  ^  Astrophysical  Journal '  was  mainly  on  the  tidal  disruption  of  gravitating 
bodies  and  the  possible  evolution  of  comets,  nebules  and  meteontesy  and  he  did  not 
pursue  this  consideration  in  anv  detail ;  indeed,  the  enormous  accumulation  of  new 
prop^es  of  radium  was  not  then  available. 

Whatever  may  be  imagined  as  to  the  constitution  of  a  comet,  difficulties  still 
remain.  All  I  suggest  now  is  that  the  curious  properties  of  radium  and  of 
similar  bodies  should  be  kept  in  mind.    Badium  at  least  supplies  the  meaoa  1^ 
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which^  if  the'  increasing  warmth  or  the  tidal  action  of  the  sun  should  awaken  its 
activityy  Rutherford's  a-rays  should  be  shot  out  at  the  speed  that  he  has  measured 
of  a  thousand  million  inches  a  second,  i.e,  oue-twelfth  the  velocity  of  light.  These 
a-ray  particles,  according  to  Rutherford,  consist  of  helium ;  they  weigh  each  twice 
as  much  as  a  hydrogen  atom,  and  so  the  same  weight  of  comet  matter  that  would 
make  one  of  Nichok  and  Hull's  best  particles,  i.e.  one  that  would  be  just  yisible 
with  a  microscope,  would  be  sufficient  for  about  400  millions  of  Rutherford's  a-ray 
particles,  an  advantage  surely  where  diffuseness  seems  so  miraculous. 

These  particles,  shot  out  at  a  velocity  one-twelfth  that  of  light,  go  so  fast  that, 
if  they  were  to  start  horizontally  on  the  surface  of  the  earth,  the  gravitative 
attraction  of  the  earth  would  curve  their  path  to  the  infinitesimal  extent  of  a 
curve  with  a  radius  of  forty-thousand  million  miles.  Yet  so  great  is  the  electric 
charge  the;^  carry  that  a  visible  curvature  can  be  imposed  upon  them  in  a  practicable 
dectrostatic  field. 

Now  imagine  these  transferred  into  space  at  a  distance  from  the  sun,  for 
instance,  equid  to  that  of  Venus.  Gravity  there  due  to  the  sun  is  only  one-thou- 
sandth of  what  it  is  here,  so  gravity  there  would  be,  to  the  same  extent,  less 
able  to  impose  visible  curvature  on  their  paths.  But  theb  electric  chaives  are 
still  available,  and  unless  I  have  made  an  arithmetical  blunder  of  a  considerable 
order,  it  would  require  no  very  heavy  electrification  of  the  sun  to  bend  these  rays 
round  in  a  curve  with  a  radius  of  1,000  miles.  An  electrostatic  field  of  under 
two  ten-thousandths  of  a  unit  should  be  sufficient,  a  field  which  wonld  be  produced 
if  the  sun  were  only  charged  with  a  surface  density  of  one  electrostatic  unit  on 
everv  three  square  centimetres. 

Whether  these  figures  are  correct  or  not — and  I  know  the  risk  of  getting  just 
thirty-thousand-million  times  too  lai^e  or  too  small  a  result — does  not  much  matter. 
An  electrified  sun,  which  after  all  others  besides  Arrhenius  have  postulated,  would 
be  sufficient  to  turn  the  rays  and  send  them  away  at  rapidly  increasing  speed  so  as 
to  form  the  tail.  The  speed  would  in  a  short  time  reach  the  velocity  of  light  if  it 
were  not  for  the  change  in  properties  of  matter  which  supervenes  when  any  such 
velocity  is  nearly  reached.  Thus,  according  to  the  ratio  of  charge  to  moss,  particles 
such  as  those  in  Rutherford's  a-rays  would  be  sent  away  each  with  its  limiting 
velodtv,  giving  rise  to  streaks  more  or  less  well  defined,  and  double,  triple,  or 
multiple  accoraing  to  the  number  of  kinds  of  ray  which  the  various  radio-active 
materials  were  able  to  generate. 

Not  only  should  streaks  pointing  away  from  the  sun  be  formed,  but  any  nega- 
tively charged  rays  such  as  radium  is  said  to  give  out  should  form  a  tail  directed 
towuds  the  sun.  Perhaps  this  might  be  expected  to  be  general,  but  while  not 
common  one  was  describea  by  Hind  in  the  comet  of  1828-24,  and  three  or  four 
more  have  been  observed. 

The  head  or  coma  would  be  the  envelope  of  all  the  independent  orbits,  leaving 
the  nucleus  in  idl  directions— orbits  which  while  their  velocities  are  still  of  the 
Rutherford  order  would  be  hyperbolas  convex  to  the  sun. 

If  this  should  not  appear  to  be  absolute  nonsense  it  would  seem  as  if  another 
difficulty  should  become  less  than  it  has  been.  I  ref^to  the  visibility,  luminosity, 
and  spectral  character. 

Lodge,  as  an  interpreter  of  Larmor,  tells  us  that  an  electrified  ion  subject  to 
acceleration,  whether  transverse  or  in  the  line  of  motion,  radiates  energy.  The 
streamers  from  the  nucleus  subject  to  the  greatest  acceleration  may  be  bright  almost 
as  the  nucleus  itself;  then,  as  they  have  become  dissipated  into  regions  where  far 
less  acceleration  becomes  possible,  the  radiation  faUs  off  and  the  tail  is  lost  in 
space. 

The  observations  made  last  month  by  Sir  William  and  Lady  Huggins  of  the 
spectrum  given  by  a  piece  of  radium  in  the  air  may  have  some  bearing  upon  the 
luminosity  of  the  comet.  It  is  possible  that  the  internal  motions  set  up  by  the 
separate  parts,  each  pursuing  its  individual  orbit,  may  produce  collisions  numerous 
and  violent  enough  to  account  for  all  the  light  that  is  seen,  and  for  temnerature 
sufBcient  to  htiof  out  the  spectral  lines  that  have  been  identified.  Whether  this 
}s  90  or  not.  radio-active  bodies  and  their  emanations  can  {nroduce  light  indepen- 
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dentlj  of  such  action ;  and  now  these  obaerreis  have  found  that  In  the  caae  of 
radium  in  air  this  light  gives  the  spectrum,  line  hj  line,  of  nitrogen.  Is  it  posaihle 
that  the  enveloping  nitrogen  has  had  its  atoms  so  hsjrried  hy  the  activity  of  tike 
radium  as  to  give  a  response  hitherto  only  awakened  by  electric  discharge  ?  The 
ability  to  obtain  such  a  response  opens  up  a  new  possible  interpretation  of 
these  spectra,  which  hitherto  have  been  assumed,  with  our  laboratory  experience 
only  to  guide  us,  to  have  required  for  their  production  temperature  above  a  red  heat. 
K  further  observation  should  confirm  this,  the  hydrogen,  the  hydrocarbon,  and 
possibly  even  the  sodium  or  iron  spectrum  that  has  been  observed,  may  have  come 
ut>m  cold  atoms ;  and  it  is  not  even  quite  beyond  the  limits  of  imagination  to  picture, 
not  from  the  comet  matter  itself,  but  from  loose  residual  and  highly  attenuated 
matter  throagh  which  the  comet  is  nassing. 

Hiere  is  one  other  feature  of  tnis  remarkable  observation  of  equal  interest. 
The  lines  of  the  spectrum  were  not  exacUy  in  their  proper  place,  but  were  all 
shifted  towards  the  red  end  of  the  raectrum'  about  twice  the  distance  between  the 
D  lines.  If  only  one  or  two  lines  had  been  so  observed  a  different  origin  might 
well  have  been  suspected ;  but  when  the  whole  series  are  faithfully  reprodooed 
it  is  reasonable  to  look  upon  the  spectrum  as  modified  to  that  extent  as  though 
the  works  of  the  nitrogen  atom  had  not  only  been  set  in  movement,  but  had  been 
loaded  with  the  radium  emanation. 

Before  dismissing  these  random  speculations  on  the  possible  connexion 
between  radio-activity  and  comets  I  would  ask  your  leave  to  refer  once  more  to 
Bredechin's  conclusions.  He  has  found  that  it  is  merely  necessary  to  postulate 
three  kinds  of  matter,  iesuiog  from  the  nucleus  with  three  initud  velodti^s, 
and  subject  to  repulsion  from. the  sun  with  three  sets  of  forces  of  repulsion — ix, 
as  compared  with  ordinary  c^vitative  attraction — for  the  whole  of  the  phenomena 
of  idl  sorts  of  comets  to  be  very  completely  accounted  for.  His  highest  initial 
velocity  is  only  about  five  miles  a  second,  and  his  lowest  about  a  quarter  of  a  mile 
a  second.  His  highest  repulsion,  after  deducting  ffravitative  attraction,  is  onlv 
eleven  .times  gravity,  and  his  lowest  only  a  fifth  of  gravity.  If,  then,  with  such 
velocities  and  forces  the  phenomena  can  be  exactly  accounted  for,  it  would  seem 
futile  to  consider  the  possibility  of  initial  velocities  from  4,000  to  80,000  times  as 
great  and  effective  repulsions  of  a  corresponding  order  being  able  to  produce 
effects  with  anything  in  common.  This  is  not  necessarily  the  case,  for  with  the 
comparatively  slow  separation  of  the  atoms  of  Bredechin's  matter  from  the  nucleus, 
each  one  describing  its  own  hyperbola  convex  to  the  sun,  the  tail  at  any  moment 
represents  the  then  position  of  any  number  of  atoms  which  left  the  nucleus  for 
some  distance  back,  whereas  with  the  enormous  velocities  and  effective  forces  now 
discussed  the  comet  moves  so  slowly  in  comparison  that  the  tail  would  practically 
represent  the  path  at  the  time. 

It  has  taken  me  far  longer  to  throw  out  this  not  very  luminous  ray  than  I  had 
expected  or  than  it  is  worth.  I  fear  that  it  is  a  sort  of  ray  in  which  the  ratio  of  its 
dead  weight  to  its  vitalising  charge  is  too  small  to  enable  it  to  penetrate  the 
lightest  screen  of  examination. 

These  are  the  days  of  rays,  and  now  before  we  have  quite  become  familiar 
with  the  rays  of  radio-active  bodies  Blondlot  has  presented  us  with  N  rays,  which 
issuing  from  the  mantle  of  an  incandescent  gas  burner  penetrate  wood  or 
aluminium,  and  then  increase  the  light  without  increasing  the  heat  of  hot  bodies 
on  which  they  fall. 

Passbg  now  from  the  amusement  of  speculation  to  more  serious  duties,  I  find 
myself  confronted  with  the  difficulties  that  prevent  us  in  this  country  from 
succeeding  as  we  used  to  do  in  the  international  struggle— a  struggle  the  issue  of 
which  is  daily  becoming  more  and  more  a  question  of  brains,  of  education,  of  ^1 
and  enterprise  in  manufacture— and  finally  of  that  great  virtue  extolled  by  the 
President  of  the  United  States,  strenuousness. 

It  is  the  duty  of  everyone  who  sees  the  way  in  which  we  are  being  outstri^ed 
in  the  race  to  do  what  in  him  lies  to  scrape  off  the  rust  which  is  clogging  our 
"^ucational  machinery.    I  no^  refer  to  the  defects  which  hamper  the  inteOectu^ 
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pfogliets  of  the  majority  of  our  youth.  I  believe  the  public  schdoi  nlfliheinatics  io 
this  country  stands  on  a  level  of  its  own,  well  below  that  of  any  other.  In 
England,  owing  to  our  complicated  system  of  Weights  and  measures,  which  our 
Ministers  and  our  Parliament  dare  not  abolish  for  our  own  good,  the  scanty  hours 
allowed  for  mathematics  are  devoted  to  the  learning  of  tables  which  should  never 
have  to  be  learned  at  all,  to  compound  reductions  designed  merely  to  puzzle  but 
not  to  lead  to  any  new  step;  and,  even  if  our  present  system  were  not  fhtile 
enough,  to  learning  lists  of  antique  values  which  .serve  the  useful  purpose  of 
giving  the  bovs  something  to  do.  The  result  is  that  beyond  having  time  to 
acquire  a  few  elementary  algebraical  rules  the  boj  is  never  introduced  to  algebra 
proper;  he  has  no  idea  of  algebraical  reasoning;  his  trigonometry  often  does 
not  exist,  and  the  very  sound  or  suggestion  of  coordinate  geometry  or  of  the 
differential  calculus,  which  might  be  well  within  his  reach,  produces  a  shiver 
of  dismay.  Geometry  is  presented  for  the  first  time  in  the  form  of  Euclid,  a 
form  as  repulsive  to  most  boys  as  it  well  could  be.  I  must  confess  to  having 
been  attracted  and  not  repelled  b^  Euclid ;  but  the  boy  does  not  care  for  time. 
Now  that  I  look  at  Euclid  again  I  have  also  to  confess  that  any  lingering  regard 
for  an  old  Mend  vanishes  before  the  archaic  language  and  the  unnecessary 
circumlocution.  If  Euclid  must  be  retained  let  it  be  translated  into  English,  the 
English  that  any  parent  would  use  in  explaining  the  ideas  to  his  son ;  let  it  be 
illustrated  by  constant  reference  to  real  things  so  as  to  appeal  to  the  boy  who  does 
not  revel  in  the  abstract.  Let  the  ideas  and  the  terms  first  be  presented  in  the 
form  of  experiments  and  of  measurements  with  instruments ;  let  the  schoolmaster 
dare  to  throw  over  the  intolerable  conservatism  which  prevents  our  doing  anything 
ten  times  as  well  lest  some  item  should  prove  to  be  a  trine  worse ;  in  fact,  let  us  take 
some  heed  of  the  possibly  extreme,  but  none  the  less  genuine,  and  valuable  preaching 
of  Professor  Perry.  I  have  so  far  referred  only  to  the  miserable  use  that  is  made 
of  the  odd  hours  grudgingly  given  to  what  is  called  mathematics.  Is  it  any  use 
to  repeat  the  long-standing  complaint  of  the  way  in  which  the  schoolmaster  insists 
upon  overdoing  his  Latin  and  Greek  under  the  belief  that  they  are  at  least 
essential  to  intellectual  development  if,  indeed,  they  do  not  supply  the  only 
stimulus  P  As  society  is  constituted  they  are  essential  to  education  as  an  extensive 
knowledge  of  Confucius  is  essential  to  an  educated  Chinaman,  so  that  we  may  mix 
one  vrith  another,  appreciate  the  works  of  our  great  authors,  understand  the  same 
allusions,  and  have  the  same  kind  of  knowledge  of  the  development  of  our 
civilisation.  Few  men  of  science,  perhaps  none,  wish  to  see  all  of  this,  some  of 
which  is  essential  to  a  general  education,  abolished;  all  that  we  ask  is  that  the 
schoolmaster  shall  not  continue  to  impose  upon  the  community  the  imbalanced 
learning  which  corresponds  to  mathematics  and  science  without  letters.    The  time 

S'ven  to  classics  is  exorbitant ;  more  must  be  reserved  for  those  -pursuits  which 
>aw  out  the  habit  of  independent  thought,  creation  and  originality.  It  would 
be  well  if  every  schoolmaster  could  read  an  admirable  article  by  James  Swinburne 
on  the  two  tyjjes  of  mind  fostered  by  the  two  complementary  types  of  educa- 
tion, but  this  IS  buried  away  in  an  inaccessible  number  of  the  '  Westminster 
Be  view.' 

The  classic  is  unfortunately  still  in  possession,  and  where,  as  is  still  often  the 
case,  he  is  innocent  of  any  appreciation  of  the  educational  value  of  post-Newtonian 
studies  it  is  not  surprising  that  he  thrusts  into  odd  moments  the  subjects  he  does 
not  understand,  and  which  he  therefore  despises,  and  that  the  boys  committed  to 
his  charge  and  living  in  such  an  atmosphere  are  half  ashamed  of  showing  any 
interest  in  the  scanty  science  which  is  vrithin  their  reach.  It  is  almost  impossible 
to  believe  that  such  can  be  the  case,  but  I  have  referred  to  the  impression  to  which 
the  appointment  of  the  first  science  master  at  my  own  school  gave  rise.  I  now 
refer  to  the  contribution  to  a  discussion  on  education  but  a  year  or  two  ago  by 
that  experienced  teacher,  Principal  Griffiths.  Fortunately  our  public  schools  are 
not  the  only  ones  in  the  country.  Sm^er  and  less  fashionable  schools  pay  more 
attention  to  education  and  suffer  less  from  what,  in  defiance  of  all  rule,  I  can  only 
caH  didactatorial  method. 

I  am  not  aware  that  the  result  of  this  almost  total  exclusion  of  tabooed  sub- 
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ject8  in  favour  of  Latin  and  Greek  is  producing  a  standard  of  classical  attainment 
in  our  youth  greatly  in  advance  of  that  to  be  found  in  other  countries,  but  it  k 
certain  that  in  history,  modem  languages,  mathematics,  and  science  the  product 
of  our  public  schools  is  sadly  deficient. 

There  is  another  point  related  to  our  deficient  general  scientific  training  on 
which  I  wish  to  ofier  some  remarks,  and  that  is  in  ration  to  manu^MStnie.  It  h 
the  fashion  amon^  some  of  our  scientific  people  to  talk  of  our  manufacturraa  as  if 
they  were  a  very  ignorant  lot  and  to  suppose  that  one  word  from  some  professor 
who  has  never  seen  outdde  a  laboratonr  would  be  sufficient  to  put  them  right 
Now  in  my  somewhat  varied  experience  I  have  had  occasion  to  become  acyiainted 
with  comers  of  our  great  manufacturing  areas,  and  while  my  experience  is  amall 
and  not  enough  to  generalise  upon,  it  is  nevertheless  several  times  as  great  as  that 
of  some  who  are  ready  to  adopt  the  superior  attitude,  but  have  none. 

The  loss  of  one  industry  after  anotner  is  onl^  too  patent.  In  so  &r  as  this 
may  be  due  to  want  of  enterprise  in  our  men  of^  business  we  are  not  concerned 
with  the  cause  in  this  Section ;  in  so  far  as  it  may  be  due  to  want  of  that  littla 
assistance  which  the  fiscal  arrangements  in  other  countries  make  possible  for  our 
rivals  sg^n  we  are  not  concerned  in  thb  Section ;  in  so  far  as  our  patent  lavra 
ore  unique  amon^  those  of  manufacturing  nations  in  allowing  the  K>reigner  to 
manufacture  in  his  own  country  under  the  protection  of  our  patent  law,  so  that 
the  most  valuable  school  we  possess,  the  manufactory,  as  well  as  the  manu- 
facture, is  conducted  to  the  advantage  of  our  rivals— a  point  which  I  suppose  it  is 
unnecessary  to  commend  to  the  notice  of  Mr.  Chamberlain — with  this,  too,  we  have 
no  concern  in  this  Section ;  but  in  so  far  as  this,  or  the  want  of  enterprise  or  of 
foresight  that  leads  to  it,  is  due  to  ignorance  and  to  vnmt  of  appreciation  of  scien- 
tific advance  we  are  very  much  concerned  with  it.  If  I  may  refer  to  my  own 
limited  experience,  there  is  a  lamentable  contrast  in  the  manner  in  which  a  great 
number  of  our  own  countrymen  look  at  any  proposition  put  before  them  and  that 
in  which  the  alert  American  does.  It  is  useless  to  explain  that  which  would  be 
self-evident  to  a  man  with  a  moderate  knowledge  of  chemistry  and  physics  such 
as  our  sdiools  ought  to  supply,  or  for  which  they  shoidd  at  least  lay  the  foun- 
dation, for  the  words  have  no  meaning;  they  are  merely  words.  He  distrusts 
anything  new ;  he  has  heard  of  a  new  process  before  that  did  not  work  out  well ; 
experience  on  the  Continent  to  him  is  no  experience  at  all,  for  he^  believes  the 
inhabitants  in  such  distant  parts  of  the  earth  are  not  capable  of  knowing  as  well  as 
the  enlightened  Englishman  whether  a  thing  ia  propeny  done  or  not,  and  so  he 
goes  on  as  he  did  before,  perfectly  content.  This  attitude  would  not  be  possible 
with  the  most  elementary  understanding  of  common  principles. 

But  there  is  another  side  to  this  picture.  Anyone  who  has  discussed  any 
scheme  with  the  board  of  directors,  the  manager,  the  engineer,  and  the  chemist  of 
one  of  our  great  manufactories  must  have  been  struck  with  the  concentrated 
ability  there  foimd  in  harness.  It  has  often  seemed  to  me  that  it  is  a  great 
misfortune  that  our  professors  of  mechanics,  of  physics,  and  of  chemistry  are  in 
so  many  instances  precluded  from  a  better  acquaintance  with  the  working  of  these 
great  machines — a  misfortime  not  for  the  works,  at  least  directly,  but  for  the 
professors,  and  more  especially  for  their  pupils. 

Nowhere  are  scientific  problems  of  greater  complexity  constantly  having  to  be 
solved  than  in  a  great  manufactory ;  nowhere  is  such  concentrated  talent  necessary 
as  in  a  works  organised  and  carried  on  in  competition  with  all  the  world.  I  lode 
upon  these  as  our  most  valuable  schools,  and  the  closer  tiie  touch  between  them 
and  those  whose  province  it  is  to  teach,  the  better  for  the  teacher  and  the  pupiL 

It  is,  perhaps,  hardly  desirable  to  mention  any  one  where  there  are  so  many. 
I  am  tempted  to  dwell  upon  the  problem  which  has  been  at  last  successfully 
solved  by  Parsons,  this  being  the  joint  product  of  the  school  and  of  the  works ;  but 
there  is  one  picture— a  contrast,  I  will  not  say  of  light  and  shad^  but  of  colour  and 
colour — to  wnich  I  must  refer.  I  remember  in  my  early  days,  in  the  surroundings 
of  a  classical  atmosphere,  the  general  feeling  of  contempt  for  the  manufacturer,  the 
intellectually  inferior  creature  who  only  made  money,  but  who  knew  nothing  of 
TvnTM  or  rirvfifiai,    I  am  not  sure  that  some  such  feeling  does  not^stiU.  exkti  among 


TRANSACTIOftS  OP  SECTION  A.  53^ 

those  whose  horizon  is  limited  to  the  Latin  and  Greek  that  they  have  learned — or 
should  I  say  limited  by  instead  of  to  P  This  recollection  came  hack  to  me  when 
not  long  ago  I  was  visiting  one  of  the  hest  organised  and  most  skilfully  conducted 
works  in  the  country — I  mean  Willans  &  Bohinson — when  I  rememhered  that 
another  great  manu^tory,  conducted  on  American  lines,  was  near  hy,  and  when 
across  the  road  I  saw  the  walls  of  one  of  our  most  famous  English  schools.  I 
pictured  the  old  contrast :  on  the  one  hand  the  conviction  impressed  upon  me  when 
a  boy  that  there  is  something  intellectually  superior  in  the  struggle  with  a  paragraph 
of  Xenophon  or  a  page  of  Homer,  while  manufSK^ure  is  merely  mechanical, 
sordid  and  base,  with  what  I  believe  to  be  the  reality  on  the  other.  I  wondered 
in  what  spirit  the  erection  of  these  works  was  viewed  at  the  school  and  to  what 
extent  the  high  intellectual  attainment  there  so  essential  and  so  evident  is  properly 
appreciated. 

Of  the  last  of  the  three  headings,  Strenuousness,  we  have  plenty,  but  at  school 
it  is  most  apparent  in  cricket  and  football,  and  in  after  life  in  various  expensive 
ways  of  murdering  defenceless  animals. 

However,  a  change  is  alreadv  beginning  to  be  felt.  The  public  schools  no 
longer  withhold  the  elements  or  chemistry  and  phvsics,  and  those  who  have 
benefited,  even  in  smaU  degree,  are  taking  responsible  places  vacated  by  those 
who  had  no  such  opportunity.  The  numerous  polytechnics  are  providing  more 
serious  instruction  to  thousands  of  our  younj^  men,  and  it  may  be  hoped  that  in 
time  even  the  official — I  mean  the  mere  official  whose  only  conception  of  activity 
is  centred  in  obstructing  progress  and  enlightenment — will  have  some  appreciation 
of  things  as  well  as  of  words. 

The  following  Papers  were  read : — 

I.  On  the  JSledro^Iiereal  Tliearj/  o/tlis  Velociiy  of  Light  in  Gasea 
Liquids,  and  Solids.     By  Lord  Kelvin,  OM.,  0,0.  V.O.^ 

This  communication  is  an  advance  proof  of  the  last  five  pages  of  Lecture  XX., 
as  written  afresh  for  a  long-promised  volume  of  twenty  lectures,  given  originally 
in  the  Johns  Hopkins  University,  of  Baltimore,  U.S.A.,  in  October  1884,  and  now 
nearly  ready  for  publication  by  the  Cambridge  Universitv  Press.  It  is  founded  on 
two  recent  contributions  to  *  electro-ethereal  *  theory  referred  to  as  '  Appendix  D  * 
and  '  Appendix  A,'  previously  published  in  the  '  Philosophical  Magazine '  (1902, 
1st  half-year,  and  1900,  2nd  half-year),  under  the  titles  '  Aepinus  Atomized,'  and 
*  On  the  Motion  produced  in  an  Infinite  Elastic  Solid  by  the  Motion  through  the 
Space  occupied  by  it  of  a  Body  acting  on  it  only  by  Attraction  or  Bepulsion.* 
The  long  title  of  Appendix  A  contains  virtually  a  complete  statement  of  the 
theory  which  constitutes  its  subject. 


2.  Discftssion  en  Ae  Nature  of  the  Emanations  from  Radium,     Opened 
by  Professor  E.  Rutherford. 

Contribution  by  Lord  Kblvin,  O.M.,  G.C.V.O. 

Let  ns  first  consider  the  mere  fact,  now  known  as  a  result  of  observation  and 
experiment,  that  radium  has  been  found  to  emit  three  types  of  rays : — 

a.  Positively  electrified,  and  largely  stopped  by  solid,  liquid,  or  gaseous  screens. 
0,  More  penetrative  than  a,  and  negatively  electrified. 

^,  Electrically  neutral,  and  much  more  penetrative  than  either  a  or  ^;  pessing 
bat  little  loss  through  a  lead  screen  1  centimetre  thick,  which  is  an  almost 
perfect  screen  against  a  and  fi  rays. 

A  Bimi^le  prima  facie  view  is  to  regard  the  *  y  rays '  as  merely  vapour  of  radium. 
»  Appeared  in  ftdl  in  PkU.  Mag.  vol.li.  October  1902. 
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The  <^  rays'  seem  oertiunly  to  be  atoms  of  resinous  electricity— electriapa,  as  I 
hATe  called  them  (to  specialise  Johnstone  Stone/s  ^electron,'^  which  mi^t  be 
either  a  vitreous  or  resinous  atom  of  electricity,  or  an  atom  of  matter  deprived  of 
its  natural  q^uantum  of  electricity).  The  *a  rays/  according  to  my  proposed 
atomic  resuscitation  of  Aepinus*s  doctrine,  are  atoms  or  moieculee  of  mmtter, 
probably  atoms  of  radium,  or  perhaps  molecules  of  bromide  of  radium,  either 
deprived  of  electrions,  or  having  less  tnan  Uieir  neutralising  quantum. 

The  electro-ethereal  h^powesis,  referred  to  in  my  communication  of  Imc 
Thursday  to  Section  A,  afiiords  a  ready  explanation  of  the  relative  penetrativitkt 
of  the  three  radiations,  and  of  the  fact  that  each  one  of  them  makes  its  existence 
known  to  us  by  conferring  electric  conductivity  on  air  or  any  ordinary  gaa  In  which 
it  is  present. 

Taking  the  y  rays  first,  we  have  to  explain  the  free  penetration  of  onelectrified 
radium  molecules  through  dense  liquid  or  solid  matter.  An  easy  ajssumption  suffices : 
let  the  Boscovichian  mutual  forces  (that  is,  the  chemical  affinities  and  the  repul- 
sions) between  an  atom  of  radium  and  the  atoms  of  lead  and  other  petmeaUe 
substances  be  absolutely  zero,  or  small  enough  to  allow  the  known  permeation. 

Taking,  next,  the  a  radiation.  The  apparent  great  absorption  of  the  vito^eoiis 
electric  emanation  from  radium  is  only  apparent ;  it  means  that  an  atom  shot 
from  radium  with  less  than  its  neutraUsing  quantum  of  electrions  cannot  go  fkt 
through  a  solid  or  liquid  without  acquiring  the  neutralising  quantum.  « 

The^  3  absorption  may  be  regarded  as  probably  reid.  Atoms  of  resinous 
electricity  shot  from  radinm  cannot  be  expected  to  enter  a  screen  of  metal,  or 
glass,  or  wood,  or  liquid,  and  leave  at  the  other  side,  irrespectively  of  the  insulatinii 
of  the  screen  and  of  the  radium.  The  full  consideration  and  experimental 
investigation  of  the  emission  of  atoms  of  resinous  electricity  fi*om  radium 
hermetically  sealed  in  a  glass  bulb  or  tube  is  forced  upon  us.  It  has,  I  beUeve,  led 
to  surprisinff  and  interesting  results.  As  to  the  y  rays,  there  is  no  difficulty  in 
supposing  ^at  non-electrifi^  vapour  of  radium  passes  very  ftreely  through  glaas 
or  metals  without  any  electric  disturbance.  It  has  been  published,  on  authority 
so  far  as  I  know  unquestioned,  that  loss  of  weight  in  the  course  of  a  few  montlis 
has  been  proved.  Full  information  on  all  that  is  known  on  this  subject  will  no 
doubt  be  brought  forward  in  Uie  course  of  the  discussion  to  be  opened  by 
Professor  Hutherford.  I  regret  much  that  I  am  not  able  to  be  present,  and  I 
shall  look  forward  with  eagerness  to  the  earliest  published  reports  of  the 
discussion. 

Returning  to  Becquerel's  ori^nal  discovery  in  respect  to  uranium  and  salts  of 
uranium,  the  electric  conductivitv  induced  in  air  and  other  gases  by  a  radio- 
active substance ;  we  have  a  ready  explanation  in  my  atomic  resuscitation  of  the 
old  doctrine  of  Aepinus.  The  ordinary  thermal  motions  within  any  solid,  or 
liouid,  or  gas,  must  cause  occadonal  shootings  out  of  the  electrions  from  the 
substance,  and  the  motions  of  these  electrions  under  the  influence  of  electrostatic 
force  must  contribute  to  the  electric  conductivity  of  the  gaa ;  must,  in  fact,  Con- 
or the 


short  paper  '  On  Radio-activity  of  Ordinary  Materials,'  ^  that  the  electric  conduc- 
tivity of  dry  air  contamed  m  a  cylinder  of  solid  material  diflers  largdy  for 
different  materials  (1*8  for  glass  coated  with  phosphoric  acid,  1*4  aluynininm, 
2  to  8*3  various  ordinary  metels,  8-9  platinum) ;  and  to  be  told  that  radium  is 
800,000,000  times  more  active  than  the  most  active  common  material  that  he  ex« 

ririmented  with.    How  are  we  to  explain  this  enormous  radio-activity  of  radium  ? 
venture  to  suggest  that  it  may  be  because  it  is  exceedingly  poly-electrionk ; 
that  the  saturating  quantum  of  electrions  in  an  atom  of  radium  ma^  be  hundreds, 
or  thousands,  or  milRons  of  times  as  many  as  those  of  atoms  of '  ordinary  material 
But  this  leaves  the  mystery  of  radium  untouched :  Curie's  d&icovery  that  it 
(perpetually?)  emits  heat  at  a  rate  of  about  00  Centigrade  calories  por  gramme 

>  Phil.  Mag,  June  1903, 
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per  bour.  If  emieeion  of  heat  at  this  rate  goes  on  for  little  more  than  a  year,  or^ 
aay,  10,000  hours  (13^  months),  we  get  as  much  heat  as  would  raise  the  tempera- 
ture of  900,000  gruumes  of  water  by  1^  0.  It  seems  to  me  utterly  impossible  that 
this  can  come  from  a  store  of  enerffy  lost  out  of  the  gramme  of  radium  in  the 
10|000  hours.  It  seems  to  me,  therefore,  absolutely  certain,  that  if  emission  of 
beat  at  the  rate  of  90  calories  per  gramme  per  hour  found  by  Curie  at  ordinary 
temperatures,  or  eyen  at  the  lower  rate  of  38  found  by  Dewar  and  Ourie  from 
a  specimen  of  radium  at  the  temperature  of  liquid  oxy^n,  can  go  on  for  month 
after  month,  energy  must  somehow  be  supplied  from  without  to  giye  the  energy 
of  the  heat  getting  into  the  material  of  the  calorimetric  apparatus. 

I  yenture  to  8ug|j;est  that  somehow  ethereal  wayes  may  supply  energy  to  the 
radium  while  it  is  giying  out  heat  to  the  ponderable  matter  around  it.  Think  of 
a  piece  of  black  doth  hermeticaUy  sealed  m  a  glass  case,  and  sunk  in  a  glass  yessel 
of  water  exposed  to  the  sim ;  and  think  of  another  e^ual  and  similar  glass  case 
containing  white  cloth,  submerged  in  an  e<iual  and  smiilar  glass  yessel  of  water, 
similarly  exposed  to  the  sun.  The  water  in  the  former  glass  yessel  will  be  kept 
yery  sensiUy  warmer  than  the  water  in  the  latter.  This  is  analogous  to  Curie's 
first  experiment,  in  which  he  found  the  temperature  of  a  thermometer,  with  a  little 
tube  containing  radium  kept  beside  its  bulb,  in  a  little  bag  of  soft  material,  to  be 
permanently  about  2^  0.  higher  than  that  of  another  equal  and  similar  thermo- 
meter, similarly  packed  with  a  little  glass  tube  not  containing  radium  beside  its 
bulb. 

By  observing  the  temperature  of  the  water  in  our  two  glass  yessels,  a  calori- 
metno  inyestigation  might  be  made,  showing  how  much  heat  is  giyen  out  per  hour 
by  the  black  cloth  to  the  surrounding  glass  and  water.  Here  we  haye  thermal 
energy  communicated  to  the  black  cloth  by  wayes  of  sunlight,  and  giyen  out  as 
thermometric  heat  to  the  glass  and  water  around  it.  Thus  we  actually  haye 
enerffy  trayelling  inwards  through  the  water  in  yirtue  of  wayes  of  light,  and  out- 
warcu  through  the  same  space  in  yirtue  of  thermal  conduction. 

My  suggestion  respectmg  radium  may  be  regarded  as  utterly  unacceptable,  but 
at  all  eyents  it  will  be  conceded  that  experiments  should  be  made  comparing  the 
thermal  emission  from  radium  wholly  surrounded  with  thick  lead  with  that  round 
with  the  surroundings  hitherto  used. 


3,  t)her  die  in  der  Atmosphdre  und  iin  Erdboden  enthcUtene  radioaktive 
Emanation^     Von  T.  Elstbr  u.  H.  Gbitbl. 

Wir  beehren  uns  der  British  Association  biermit  eine  kurze  tlbersicht  der 
Ergebnisse  yon  Yersuchen  yorzulegen,  deren  Gegenstand  die,  wie  es  scheint, 
allgemein  yerbreiteten  radioaktiyen  Eigenschaften  der  naturlichen  atmospharischen 
Luft  und  gewiBser  Bestandteile  des  Erdbodens  bilden;  sie  beweisen  in  ihrer 
Gesamtheit  die  Existenz  einer  radioaktiven  Emanation  in  der  Atmosphare,  die, 
wenn  nicht  ausschliesslich,  so  doch  zu  einemwesentlichen  Telle  ausdemErdkorper 
herstammt.  Eine  Mitteilung  dariiber  dUrfte  im  Zusammenhange  mit  derheutigen 
Disknssion  Uber  die  Natur  der  aktiyen  Emanationen  yielleicht  niche  ohne  Interesse 
sein. 

Die  Versnche  bezogen  sich : 

1.  Auf  den  Betrag  der  inducierten  Aktiyit&t,  die  man  auf  einem  beliebigen 
Leiter  (am  besten  einem  Drahte  yon  unyeranderlicher  Lange)  dadurch  erzeugt, 
dass  man  ihn  eine  gemessene  Zeit  lang  in  freier  Luft  zu  einem  bestimmten  Potentiale 
negatiy  geladen  hklt. 

2.  Auf  Yergleichung  des  Gehaltes  an  radioaktiyer  Emanation  in  der  an 
yeiadiiedenen  Orten  im  Erdboden  enthaltenen  Luft. 

8.  Auf  die  radioaktiyen  Eigenschaften  der  mineralischen  Bestandteile  des 
Erdbodens  telber. 

In  Betreff  des  ersten  Gegenstandes  haben  wir  gefunden,  dass  die  unter  gleichen 
Bedingungen  dutch  die  freie  Luft  inducierte  Aktiyit&t  in  der  N&he  der  Meereakiiste 
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kleiner  ist,  als  an  unserem  etwa  250  Kilometer  davon  entfernten  Wobnortey  und 
hier  wiederum  kleiner  als  am  Fusse  der  Alpen.  Die  Betrage  der  AktiTieninr 
verhielten  sich  an  diesen  Orten  (im  Mittel  aus  zablreichen  Einzelmeasongao) 
etwa  wie  1  :  4  :  30. 

Welter  zeigte  sich,  dass  die  aus  der  Erde  angesangte  Luft  im  Allgemeinen  eioen 
abnorm  bohen  Gehalt  an  radioaktiver  Emanation  mit  sich  fii^t.  DiesBr  iat 
indessen  nicht  an  alien  Orten  derselbe;  so  erwies  sich  Luft  aus  KBQcbodieii 
stammend  schwacher  aktiv  alt  solche,  die  aus  tonigen  Erdschicbten  entnomnMii 
war.  Auch  die  natiirliche  Eohlensaure,  die  aus  altem  yulcaniacben  Boden  am 
Nieder-Rhein  aufsteigt,  ist  mit  Emanation  beladen.  Es  ist  kein  Zweifel,  dass 
auch  die  Radioaktivitat  der  in  gewissen  Brunnenwassem  enthahenen  Loft,  die 
von  Herm  J.  J.  Thomson  konstatiert  ist,  yon  derselben  Natur  ist. 

Hiernach  wiirde  der  Reichtum  an  Emanation  in  der  Luft  des  Binnanlandffw 
wabrscheinlich  darauf  zuruckzufiihren  sein,  dass  diese  in  unmittelbarem  Austanaebe 
mit  der  in  den  Kapillaren  des  Erdbodens  eingeschlossenen  Luft  steht.  In 
Einklang  mit  dieser  Auffassuug  steht  die  Erfahruug,  dass  im  AUgemeineii  bei 
sinkendem  Barometer  (d.h.  wimrend  des  Einstromens  Ton  Erdbodenlnit  in  die 
Atmosphftre)  eine  grossere  Aktivierung  fUr  exponierte  Drahte  beobacbtet  "wnrde, 
als  bei  stationarem  oder  steigendem. 

Femer  fanden  wir  dass  Proben  Ton  Erde,  yon  der  Oberflacbe  entnommen,  bei 
der  BerUhrung  mit  abgescblossenen  Lnftmengen  an  diese  eine  deutlicb  nachweis- 
bare  Menge  einer  radioaktiven  Emanation  abgeben.  Mit  festem  Gesteine  eriiiehes 
wir  diese  Wirkung  nicht ;  ebenfalls  nicht  mit  reinem  Humusboden  andQnansand. 
Am  deutlichsten  war  sie  beim  Ton ;  wurde  derselbe  durch  yerdiinnte  Silieinre 
yom  Calciumcarbonat  befreit,  so  blieb  die  Wirkung  an  dem  ungelSsten  Rikk- 
stande  haften.  Eine  Abnahme  der  Wirksamkeit  mi  Laufe  der  Zeit  konnte  an 
aufbewahrten  Proben  yon  Erde  bis  jetzt  nocb  nicht  (w&hrend  eines  Jahne) 
nachgewiesen  werden.  Sehr  gut  zu  erkennen  ist  die  Erscbeinung  bei  dem 
sogenannten  Fangoschlamme,  der  zu  Heilzwecken  aus  Italien  impwtiert  wird; 
eine  Menge  Ton  etwa  5  Kilogramm  davon  in  trocknem  Zustande  in  einen  Raum 
yon  etwa  j  Knbikmeter  gebracht  verbreitet  in  der  eingescbloasenen  Luft  so  viel 
an  aktiver  Emanation,  dass  diese  leicht  nach  der  Meth<^e  der  Herm  Rutherford 
an  der  Aktivierung  eines  eingefiihrten  negativ  geladenen  Metalldrahtes  nachgewiesen 
wird. 

Die  Abnahme  der  so  inducierten  Aktivitat  in  der  Zeit  erfolgt  nach  einem 
Exponentialj^esetze,  das  von  dem  fur  die  Thoriumemanation  giiltigen  dnxcbans 
verschieden  ist,  dem  fur  das  Radium  bekannten  aber  sehr  nahe  steht.  Auch  die 
in  freier  Luft  inducierte  Aktivitat  befolgt  dasselbe  Gesetz  der  Abnahme. 

Die  Ergebnisse  sind  mit  der  AnniSime  vertraglich,  dass  ein  primftr  aktiver 
Stoff  in  den  Gesteinen  der  Erdoberflache  allgemein  verbreitet  ist.  wenn  auch  nur  in 
auBserst  geringer  Menge.  So  lange  ein  Gestein  chemisch  intakt  ist,  yermag  die  von 
jenem  Stoff  ausgehende  Emanation  nicht  auszutreten,  erst  die  verwitteite 
Substanz,  gleichsam  aufgeschlossen  durch  die  Einwirkung  des  Wassera  und  der 
Luft,  giebt  a-Strahlen  und  Emanation  aus.  Die  letztare  haoft  sich  in  den 
CapDliuen  des  Erdbodens  an,  lost  sich  im  Grundwasser  auf  und  verbreitet  sich 
durch  Diffusion  in  die  Atmosphare. 


4.  CosmiccU  Radio-activity.    By  Professor  Arthur  Schuster,  FM.S, 

The  fact  that  every  physkal  property  hitherto  discovered  in  one  dement  baa  always 
been  found  to  be  shared  by  all  suggests  the  possibility  that  radio-activity  may  be 
a  common  property  of  all  matter.  If  that  is  the  case  the  so-called  radio-active 
bodies  may  only  be  distinguished  from  others — ^like  iron  in  the  case  of  magnetiam — 
by  the  enormously  exaggerated  form  in  which  they  possess  the  property.  The 
apparently  inactive  metals  may  possess  radio-activity,  but  to  so  smaU  a  degiree  that 
our  powers  of  obsenration  are  insufficient  to  detect  it.  But  the  question  arises 
whether  in  that  case  the  effect  is  cumulative  and  should  appear  in  the  large 
cosmic  aggregations  of  matter. 

Digitized  by  CjOOQIC 


TRANSACTIONS  OF  SECTION  A.  539 

There  is  indeed  at  first  sight  some  analogjr  hoth  in  the  case  of  the  sun  and  of 
the  earth  hetween  the  effects  ohserred  in  their  immediate  surroundings  and  those 
noticed  in  the  neighbourhood  of  radio-active  bodies.  The  earth  we  know  must  be 
chaiged  with  negative  electricity^  and  attention  had  already  for  some  time  been 
drawn  to  the  fact  that  tins  charge  must  constantly  be  renewed,  as  the  leakaf^  due 
to  the  spraying  of  ocean  waves  and  the  hot  gases  escaping  from  every  chimney 
would  ultimately  dissipate  the  charge.  But  thd  normal  electric  conductivity  of 
the  air  has  only  recently  been  measured,  and,  according  tQ  Elster  and  Geitel,  is, 
under  normal  conditions,  such  that  a  body  loses  about  1|  per  cent,  of  its  charge 
per  minute.  If  the  air  in  the  immediate  n^hbourhood  of  the  ground  has  this 
conductivity  (which  is  not  quite  certain)  the  earth  would  lose  about  half  its  charge 
in  an  hour. 

We  are  living  therefore — and  there  can  be  little  doubt  about  the  point — in  an 
electric  field  through  which  negatively  charged  particles  are  constantly  driven 
outwards  (kathode  rays^,  and  which  possesses  an  electric  conductivity  similar  to 
that  found  in  the  neighbourhood  of  radio-active  bodies.  The  radio-activity  of  air 
rising  out  of  the  ground  or  of  water  drawn  out  of  wells  may  be  the  consequence 
of  emanations  from  a  radio-active  earth. 

The  nmilarity  of  the  rays  of  the  solar  corona  to  kathode  rays  has  often  been 
pointed  out,  and  I  have  maintained  for  a  long  time  now  that  the  assumption  of  a 
greater  conductivity  of  space  at  times  of  maximum  sun-spots  furnishes  a  simple 
explanation  of  the  connection  between  sun-spots  and  terrestrial  magnetism.  The 
sun,  therefore,  like  the  earth,  must  be  taken  to  discharge  rays  which  seem  to 
possess  all  properties  of  kathode  rays.^ 

The  analogies  I  have  pointed  out  are  not  complete,  and  may  be  found  to  be 
false ;  but  we  must,  I  think,  keep  our  mind  open  to  the  possibility  of  a  coUective 
radio-activity  of  matter  which  becomes  apparent  in  celestial  bodies. 

The  continuous  discharge  of  negative  electricity  from  the  earth  renders  it 
necessary  to  find  a  cause  leading  to  a  continuous  renewal,  and  it  is  extremely 
difficult  to  see  what  that  cause  can  be. 

Though  it  is  not  directly  connected  with  the  subject  under  discussion,  I  may  in 
conclusion  digress  by  recalling  an  old  discussion  on  the  cause  of  gravity.  Lesage's 
explanation  involved  the  presence  of  *  corpuscles,'  such  as  are  now  believed  to  exist 
by  some  physicists.  Maxwell's  objection  to  Lesage*s  explanation,  which  at  the 
time  seemed  fatal,  was  that  gravitation  ought  to  be,  but  is  not,  accompanied 
by  a  rise  in  temperature.  Whatever  we  may  think  of  the  explanation  on  other 
fprounds,  this  particular  objection  would  seem  to  lose  its  weight  at  present,  when, 
in  the  case  of  one  body,  at  any  rate,  a  rise  in  temperature  above  that  of  its  sur- 
roundings has  actually  been  discovered,  and  when  it  is  considered  that  the  energy 
which  in  one  case  accumulates  as  heat  may  in  other  cases  be  dissipated  tlirough 
other  channels. 

5.  Ini€¥M^cation  of  Chemical  Action  by  the  Emanations  from 
Gold  and  Platinum.     By  G.  T.  Bkilby. 

When  a  piece  of  gold  or  platinum  foil  is  heated  on  a  glass  slip  in  an  atmosphere 
ooDtaiaing  tne  products  of  combustion  of  coal  gas,  a  halo  is  formed  on  the  g^ass 
surface  iunounaiiig  the  foil.  This  halo  does  not  to  any  considerable  extent 
consist  of  metallic  particles)  but  is  chiefly  made  up  of  the  products  of  decomposition 
of  the  glass.  If  the  halo  is  breathed  on,  the  slight  condensation  of  moisture  on 
the  sunace  dissolves  the  soluble  salts,  and  sets  firae  silica  or  an  insoluble  silicate  in 
the  form  of  thin  films  and  spicules.  When  the  water  has  evaporated  a  crystalline 
depost  is  left  on  the  sorfiuM. 

By  ]^onged  beating  in  the  above  atmosphere  the  whole  of  the  exposed 

*  The  slight  diminution  of  temperature  at  times  of  maximum  sun-spots,  which 
seems  to  be  indicated  by  recent  discussion  of  thermometer  readings,  may  be  a  result  of 
the  increased  absorption  in  space  which  we  must  expect  to  be  caused  by  the  presence 
of  a  sufficient  number  of  electrons.  .  , 
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surface  of  the  fflaas  alio  is  slightly  attacked,  but  the  intensity  of  this  attack  is  i»t 
to  be  compared  with  that  w£ch  occurs  in  the  near  neighbourhood  of  the  meCaL 
The  chemical  action  to  which  the  formation  of  the  halo  is  duels,  therefore,  directly 
influenced  by  the  presence  of  the  hot  metal. 

It  was  at  first  thought  that  the  metal  foil  might  be  acting  simply  by  arreatiqg 
radiant  heat  in  its  passage  through  the  transparent  glass,  and  thereby  localisii^ 
its  effects ;  but  this  yiew  is  not  supported  by  the  subsequent  experiments. 

A  number  of  experiments  were  made  before  it  was  sufficiently  realised  that  a 
fairly  free  circulation  of  the  atmosphere  surrounding  the  metal  is  necessary  if 
well-marked  halos  are  to  be  produced.  It  was  also  found  that  the  paroil 
exclusion  of  the  products  of  comoustion  from  the  air  bath  adversely  affected  tibe 
formation  of  halos. 

When  the  glass  slip  with  the  metal  foil  is  covered  by  another  slip  which  is  in 
contact  with  the  metal,  the  halo  is  reduced  to  a  sharp  narrow  outline  of  the  foQ. 

If  the  cover-slip  is  supported  just  out  of  contact  with  the  metal,  the  halo  is 
still  a  sharp  outline,  but  now  an  imafe  of  the  foil,  less  sharp,  but  also  in  outiiney 
is  formed  on  the  under  surface  of  the  cover-slip.  As  the  distance  between  the 
cover-slip  and  the  foil  is  increased  the  halo  widens  and  the  image  on  the  cover- 
slip  becomes  a  smooth  patch  without  sharp  outlines.  These  effects  are  obviouslj 
influenced  by  the  more  or  less  ample  supply  of  the  active  constituents  of  the 
atmosphere  which  results  from  the  greater  or  lees  freedom  of  diculation.  This,  in 
turn,  IS  affected  by  the  nearness  of  uie  cover-slip  to  the  metal. 

A  piece  of  platinum  foU,  7  millimetres  square,  was  used  in  a  series  of  experi- 
ments in  which  the  distances  of  the  upper  slip  fr^m  the  metal  were  0-2  mm^ 
1*5  mm.,  3  mm.,  and  7  mm. ;  an  experiment  was  also  made  in  which  no  cover- 
slip  was  used.  The  temperature  employed  was  about  500^,  and  the  time  of 
heating  80  minutes.  At  0*2  mm.  distance  halo  ^  and  image  were  both  in  outline. 
At  1*6  mm.  the  halo  was  a  band  round  the  foil  about  1  nun.  wide ;  the  image 
showed  no  outline,  but  was  in  size  and  form  similar  to  the  foiL  At  8  nun.  the 
h^o  had  widened  to  over  2  mm.,  part  of  this  being  ^ot  bpr  encroaching  on  the 
area  covered  by  the  foil ;  the  image  was  now  circulur,  its  diameter  being  equal  to 
the  diagonal  oi  the  square  of  the  foil.  At  7  mm.  the  halo  had  widffliea  to  8  to 
4  mm.  on  three  sides,  and  to  8  mm.  on  the  fourth  side ;  its  general  form  vras  ovaL 
The  image  was  of  the  same  form,  and  only  a  little  smal&r.  It  was  evident  in 
this  case  that  the  stream  of  emanations  from  the  platinum  had  drifted  across  the 
slip  under  the  influence  of  a  current  in  the  atmosphere  of  the  air-bath.  This 
evidence  of  drifting  of  the  stream  of  emanations  at  once  disposes  of  the  idea  that 
the  formation  of  the  halo  and  image  is  due  in  any  way  to  the  radiation  or 
reflection  of  heat  by  the  metal  foiL  The  forms  and  dimensions  of  the  halos  and 
images  strongly  suggest  that  the  emanations  from  the  platinum  are  thrown 
upwards  like  a  fountain,  which  spreads,  and  descends  on  and  around  the  foil 
When  the  cover-slip  is  at  the  maximum  distance,  it  is  struck  by  the  &pex  of  the 
stream,  and  a  large  but  faintly  defined  image  is  produced.  When  the  distance  of 
the  cover-slip  is  small,  the  stream  is  intercepted  before  it  has  spread  much  and  the 
halo  and  image  are  small  and  well  defined. 

The  decomposition  of  glass  in  the  neighbourhood  of  hot  metals  appears  to  be  a 
case  of  accelerated  or  intenmfied  chemical  action,  induced  by  the  energr  of  thr 
particles  shot  out  from  the  hot  metal.  It  occurred  to  me  that  some  of  tm  cases 
of  catalytic  action  by  platinum  and  other  substances  might  be  accounted  for  by 
the  existence  of  active  emanations  surrounding  the  catalyte,  and  not  merdy  by 
the  actual  contact  of  the  molecules  of  the  re-agents  veith  its  surfJMe.  fisperimenti 
are  now  in  progress  to  test  this  question. 

^  Throughout  this  Paper  the  term  *  halo  *  is  applied  to  the  effect  produced  on  the 
lower  slip,  on  which  the  metal  lay,  and  *  image '  to  that  on  the  under  surface  of  the 
cover-slip. 
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FRIDAY,  SEPTEMBER  11. 
SUB-BBCTION — ASTBONOMY  AND  MeTEOEOLOGY. 

Chaibmah  ;  W.  N.  Shaw,  Sc.D.,  F.K.S. 
The  Chairman  delivered  the  following  Address : — 

Methods  of  Meteorological  InvestigcUion. 

In  opening  the  proceedinga  of  the  Sub-section  devoted  to  Cosmical  Phj»ics, 
which  we  may  take  to  he  the  application  of  the  methods  and  results  of  Mathe- 
matics and  Pnj«ic8  to  problems  suggested  by  observations  of  the  earth,  the  air,  or 
the  sky,  I  desire  permission  to  call  your  attention  to  some  points  of  general 
interest  in  connexion  with  that  department  which  deals  with  the  air.  My 
justification  for  doing  so  b  that  this  is  the  first  occasion  upon  which  a  position  in 
any  way  similar  to  that  which  I  am  now  called  upon  to  till  has  been  occupied  by  one 
whose  primary  obli^^atdons  are  meteorological.  That  honour  I  may  with  confidence 
attribute  to  the  desire  of  the  Council  of  the  Association  to  recognise  the  subject 
so  admirably  represented  by  the  distinguished  men  of  science  who  have  come  across 
the  seas  to  deliberate  upon  those  meteorological  questions  which  are  the  common 
concern  of  all  nations,  and  whom  we  are  specially  glad  to  welcome  as  members  of 
this  Sub-section.  Their  presence  and  their  scientific  work  are  proof,  if  proof  is 
required,  that  meteorologists  cannot  regard  meteorological  problems  as  dissociable 
from  Section  A ;  that  the  prosecution  of  meteorologiou  research  is  by  the  study  of 
the  kinematics,  the  mechanics,  the  physics,  or  the  mathematics  of  the  data  compiled 
by  laborious  observation  of  the  earth  s  atmosphere. 

But  this  is  not  the  first  occasion  upon  which  the  Address  from  the  Chair  of  the 
Sub-section  has  been  devoted  to  Meteorology.  Many  of  you  will  recollect  the 
trenchant  manner  in  which  a  university  professor,  himself  *a  meteorologist,  an 
astronomer,  a  physicist,  and  a  mathematician,  dealt  candidly  with  the  present 
position  of  Meteorology.  After  that  Address  I  am  conscious  that  I  have  no 
claim  to  be  called  a  meteorologist  according  to  the  scientific  standard  of  Section  A. 
Professor  Schuster  has  explained---and  I  cannot  deny  it — that  the  responsible  duty 
of  an  office  from  which  I  cannot  dissociate  myself  is  signing  weather  reports ;  and 
I  could  wish  that  the  duty  of  making  the  next  Address  had  been  intrusted  to  one 
of  my  colleagues  from  across  the  sea.  But  as  Professor  Schuster  has  set  forth  the 
aspect  of  official  meteorology  as  seen  from  the  academic  standpoint  with  a  frank- 
ness and  candour  which  I  think  worthy  of  imitation,  I  shall  endeavour  to  put 
before  you  the  aspect  which  the  relation  between  Meteorology  and  academic 
science  wears  from  the  point  of  view  of  an  official  meteorologist  whose  experience 
is  not  long  enough  to  have  hardened  into  that  most  comfortable  of  all  states  of 
mind,  a  pessimistic  contentment. 

Meteorology  occupies  a  neculiar  position  in  this  country.  From  the  point  of 
view  of  Mathematics  and  Physics,  the  problems  which  the  subject  presents  are 
not  devoid  of  interest,  nor  are  they  free  from  that  difficulty  which  should 
Ktimulate  scientific  effort  in  academic  minds.  They  afford  a  most  ample  field  for 
the  display  of  trained  intellect,  and  even  of  genius,  in  devising  and  applying 
theoretical  and  experimental  methods.  And  can  we  say  that  the  work  is  unim- 
portant P  Look  where  you  will  over  the  countries  which  the  British  Association 
may  be  supposed  to  represent,  either  directly  or  indirectiy,  and  say  where  a  more 
satisfactory  knowledge  of  the  laws  governing  the  weather  would  be  unimportant 
from  any  point  of  view.  'Will  you  take  the  British  Isles  on  the  eastern  snores  of 
the  Atlantic,  the  great  meteorological  laboratory  of  the  world,  with  the  far- 
reaching  interests  of  their  carrying  trade ;  or  India,  where  the  phenomena  of  the 
monsoon  show  most  conspicuously  the  effects  of  the  irregular  distribution  of  land, 
the  second  great  meteorological  cause,  and  where  recurring  famines  still  overstrain 
the  resources  of  administration.  Take  the  Australasian  colonies  and  the  Cape, 
which,  with  the  Argentine  Bapublic,  where  Mr.  Davis  is  developing  so  admirably 
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the  methods  of  the  Weather  Bureau,  constitute  the  onlj  land  projections  into  1 
peat  southern  ocean,  the  region  of  'planetary  meteorolo^^ ' ;  Auatralim,  w 


Fts  periods  of  paralysing  drought ;  the  t^ape,  where  the  adjustment  of  crops  to 
climate  is  a  question  of  the  hour ;  or  take  Canada,  whldi  owns  at  the  same  tmie  a 
granary  of  enormous  dimensions  and  a  large  portion  of  the  Arctic  Circle ;  or  take 
the  scattered  islets  of  the  Atlantic  and  Pacific  or  the  shipping  that  goes  -wheawm 
ships  can  go.  The  merest  glance  will  show  that  we  stand  to  gain  more  by  «^thiHic 
knowledge,  and  lose  more  by  unscientific  ignorance  of  the  weather,  than  any  other 
country.  The  annual  loss  on  account  of  the  weather  would  work  out  at  no 
inconsiderable  sum  per  head  of  the  population,  and  the  merest  fraction  of  snoceai 
in  the  prevention  of  what  science  must  regard  as  preventibleloss  would  compeBMtc 
for  hall  a  century  of  expenditure  on  meteoroWical  offices.  Or  take  a  less  selfiih 
view  and  consider  for  a  moment  our  responsibilities  to  the  general  community  of 
nations,  the  advantages  we  possess  as  occunying  the  most  important  posts  of 
observation.  If  the  meteordo^  of  the  worla  were  placed,  as  peniaps  it  ought  to 
be,  in  the  hands  of  an  International  Commission,  it  can  be  no  exaggeration  to  sa? 
that  a  considerable  majoritv  of  the  selected  sites  for  stations  of  observation  would 
be  on  British  soil  or  British  ships.  We  cannot  help  being  the  most  important 
agency  for  promoting  or  for  obstructing  the  extension  of  meteorological  ffcjenge. 
I  say  this  bluntly  a^  perhaps  crudely  because  I  feel  sure  that  ideas  not  ^watunay 
from  these  must  occasionallv  suggest  themselves  to  every  meteorologist,  British  or 
foreign ;  and  if  they  are  to  be  expressed — and  I  think  you  will  agree  with  me  thtt 
they  ought  to  be — a  British  meteorologist  ought  to  take  the  responsibility  of 
expressmg  them. 

And  how  does  our  academic  organisation  help  us  in  this  matter  of  more  tbaa 
parochial  or  even  national  importance  ?  There  was  a  time  when  Meteorology  wai 
a  recognised  member  of  the  large  physical  family  and  shared  the  paternal  aTOcdoa 
of  all  professors  of  Physics ;  but  when  the  poor  nestling  began  to  grow  up  and 
develop  some  individuality  electric!^  developed  simultaneously  with  the  speed  of 
a  young  cuckoo.  The  professors  of  Physics  soon  recognised  that  the  nest  was  not 
large  enough  for  both,  and  with  a  unanimity  which  is  the  more  remarkable  because 
in  some  of  these  academic  circles  utilitarianism  is  not  a  condition  of  existence, 
and  pure  science,  not  market  value,  might  be  the  dominant  consideration — ^with 
singular  unanimity  the  science  which  bears  in  its  left  hand,  if  not  in  its  right, 
sources  of  wealth  beyond  the  dreams  of  avarice  was  recognised  as  a  Teritahle 
Isaac,  and  the  science  wherein  the  fruits  of  discovery  must  be  free  for  aH  the 
world,  and  in  which  there  is  not  oven  the  most  distant  prospect  of  makii^  s 
fortune — that  science  was  ejected  as  an  IshmaeL  Electrical  engineering  has  aa 
abundance  of  academic  representatives ;  brewing  has  its  professor^p  and  its  com 
of  students,  but  the  specialised  physics  of  the  atmosphere  has  ceased  to  share  the 
academic  hospitali^.  So  far  as  I  know  the  British  universities  are  unanimous  ia 
dissembling  their  love  for  Meteorology  as  a  science,  and  if  they  do  not  actually 
kick  it  downstairs  they  are  at  least  content  that  it  has  no  encouragement  to  go 
up.  In  none  is  there  a  professorship,  a  lectureship,  or  even  a  scholarship,  to  hiup 
to  form  the  nucleus  of  that  corps  of  students  which  may  be  regarded  as  the 
primary  condition  of  scientific  development. 

Having  cut  the  knot  of  their  difficulties  in  this  very  human  but  not  very 
humane  method,  the  universities  are,  I  think,  disposed  to  adopt  a  melbod  of 
lustification  which  is  not  unusual  in  such  cases:  indications  are  not  wanting 
which  disclose  an  opinion  that  Meteorology  is,  arter  all,  not  a  science.  There 
are,  I  am  aware,  some  notable  exceptions;  but  do  I  exaggerate  if  I  say  that 
when  university  professors  are  kind  enough  to  take  an  interest  in  the  labours 
of  meteorologists,  who  are  doing  their  best  amid  many  discouragements,  it  i8 
generally  to  point  out  that  their  work  ia  on  the  wrong  lines;  tnat  they  bad 
better  give  it  up  and  do  something  else  P  And  the  interest  which  the  univer- 
sities display  in  a  general  way  if  a  good-humoured  jest  about  the  futility  of 
weather  prc^ecy,  and  the  kindly  suggestion  that  the  improvement  in  the  rre- 
diction  of  the  next  twenty-four  hours*  weather  is  a  natural  umit  to  th^  Qrb|t  of  an 
Ishmaelite*s  ambition. 
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Under  thee0  circumstanoes  such  an  Addrefls  as  Professor  Schuster's  is  yery 
welcome :  it  recojroises  at  least  a  scientific  brotherhood  and  points  to  the  responsi- 
bility for  a  scientific  standard ;  it  even  displays  some  of  the  characteristics  of  the 
€K)oa  Samaritan,  for  it  offers  his  own  beast  on  which  to  ride,  though  it  recommends 
the  unfortunate  traveller  to  dispose  of  what  little  clothing  the  stripping  bas  left  to 
provide  the  two  pence  for  the  bost 

It  is  quite  possible  that  the  unformulated  opinion  of  the  vast  majority  of  people 
in  this  country  who  are  only  too  familiar  with  the  meteorological  vagaries  of  the 
British  Isles  is  that  the  weather  does  just  as  it  pleases ;  that  any  day  of  the  year 
may  ^ve  you  an  Aimist  storm  or  a  January  summer*s  day  \  that  there  are  no  laws 
to  be  discovered,  and  that  the  further  prosecution  of  so  unsatisfactory  a  study  is 
not  worth  the  time  and  money  already  spent  upon  it.  They  forget  that  there  are 
countries  where,  to  judge  by  their  languages,  the  weather  has  so  nearly  the  regu- 
larity of '  old  time  *  that  one  word  is  sufficient  to  do  duty  for  both  ideas.  They  forget 
that  our  interests  extend  to  many  climates,  and  that  the  characteristics  of  the 
eastern  shores  of  the  North  Atlantic  are  not  appropriate  to,  say,  western  Tropi- 
cal Africa.  That  may  be  a  sufficient  explanation  or  tbe  attitude  of  the  man  in  the 
street,  but  as  regards  the  British  universities  dare  I  offer  tbe  difficulty  of  the 
subject  as  a  reason  for  any  want  of  encouragement  P  Or  shall  I  say  that  the  general 
ignorance  on  the  part  of  the  public  of  the  scientific  aspirations  and  aims  of  meteoro- 
logists and  of  the  results  already  obtained  is  a  reason  for  the  universities  to  keep 
ailence  on  the  subject  P  With  aU  respect  I  may  say  that  the  aspect  which  tbe 
matter  presents  to  official  meteorologists  is  that  the  universities  are  somewhat 
oblivious  of  their  responsibilities  and  their  opportunities. 

I  have  no  doubt  that  it  will  at  once  be  naid  that  Meteorology  is  supported  by 
Government  funds,  and  that  alma  mater  must  keep  her  maternal  affection  and 
her  exiguous  yioome  for  subjects  that  do  not  enjoy  State  support.  I  do  not  wish 
just  now  to  discuss  the  complexities  of  alma  mater's  houseKeeping.  I  know  she 
does  not  adopt  the  same  attitude  with  regard  to  astronomy,  physics,  geology, 
minenlogy,  zoology,  oi  botany,  but  let  that  pass.  From  the  point  of  view  of  the 
advancement  of  science  I  should  like  to  protest  against  the  idea  that  the  care  of 
certain  branches  of  science  by  the  State  and  by  the  universities  can  be  regarded  as 
alternative.  The  advancement  of  science  demands  tbe  co-operation  of  both  in  their 
appropriate  ways.  As  re^nurds  Meteorology,  in  my  experience,  which  I  acknowledge 
is  limited,  the  general  attitude  towards  the  department  seems  to  be  dictated  by  tbe 
consideration  that  it  must  be  left  severely  alone  in  order  to  avoid  the  vicious 
precedent  of  doing  what  is,  or  perhaps  what  is  thought  to  be,  Government  work 
without  getting  Qovemment  pay,  and  the  result  is  an  almost  monastic  isolation. 

There  is  too  much  isolation  of  scientific  agencies  in  this  country.  You  have 
recently  established  a  National  Physical  Laboratory,  the  breath  of  whose  life  is  its 
association  with  the  working  world  of  physics  and  engineering,  and  you  have  put 
it — where  P  At  Cambridge,  or  anywhere  else  where  young  physicists  and  engineers 
are  being  trained  P  No  ;  but  in  die  peaceful  seclusion  of  a  palace  in  the  country, 
almost  equidistant,  academically  speaking,  from  Cambridge,  Oxford,  London,  and 
everywhere  else.  You  havefestablished  a  Meteorological  Office,  and  you  have  put 
it  in  the  academic  seclusion  of  Victoria  Street.  Monastic  isolation  may  have  its 
advantages,  but  I  am  perfectly  certain  it  is  not  good  for  the  scientific  progress  of 
Meteorology.  How  can  one  hope  for  effective  scientific  development  without 
some  intimate  association  with  the  institutions  of  the  country,  which  stand  for 
intellectual  development  and  the  progress  of  science  P 

I  could  imagine  an  organisation  which  by  association  of  the  universities  with  a 
central  office  would  enable  this  country,  witb  its  colonies  and  dependencies,  to 
buUd  up  a  system  of  meteorological  investigation  worthy  of  its  unexampled 
opportunities.  But  the  co-operation  must  be  real  and  not  one-sided.  Meteoro- 
logy, which  depends  upon  the  combination  of  observations  of  various  kinds  from 
all  parts  of  the  worla,  must  be  international,  and  a  Government  department  in 
some  form  or  other  is  indispensable.  No  university  could  do  the  work.  But 
whatever  form  Government  service  takes  it  will  always  have  some  of  thoiie 
characteristics  which,  from  the  point  of  view  of  research,  may  be  called  bondage. 
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On  the  other  hand,  research,  to  be  productive,  must  be  free  with  an  academic 
freedom,  free  to  succeed  or  fail,  free  to  be  remunerative  or  unremuoerative,  with- 
out regard  to  Government  audits  or  House  of  Commons  control.  Research  looks 
to  the  judgment  of  posterity  with  a  faith  which  is  not  unworUiy  of  the  Ghuiches, 
and  which  is  not  among  those  excellent  moral  qualities  embodied  in  the  Controller 
and  Auditor  General.  Die  academische  Fretkeit  is  not  the  characteristic  c^  a 
Government  department.  The  opportunity  which  gave  to  the  world  the  *  Philo- 
sophise Naturabs  Principia'  was  not  due  to  the  State  subvention  of  the  Deputy 
Mastership  of  the  Mint,  but  to  the  modest  provision  of  a  professorship  by 
one  Henry  Lucas,  of  whose  pious  benefaction  Cambridge  has  made  such  wonderfdl 
use  in  her  Lucasian  professors. 

The  future  of  Meteorology  lies,  I  believe,  in  the  association  of  the  univeraities 
with  a  central  department.  I  could  imagine  that  Liveipool  or  Glasgow  might 
take  a  special  interest  in  the  meteorology  of  the  sea ;  they  might  even  find  the 
means  of  maintaining  a  floating  observatory ;  and  when  I  say  that  we  know 
practically  nothing  of  the  distribution  of  rainfall  over  the  sea,  and  we  want  to 
imow  ever3rthing  about  the  air  above  the  sea,  jo\x  will  agree  witii  me  that  there  is 
room  for  such  an  enterprise.  Edinburgh  might,  from  its  association  with  Ben 
Nevis,  be  desirous  of  developing  the  investigation  of  the  upper  air  over  our  land ; 
in  Cambridge  might  be  found  the  author  of  a  book,  on  the  principles  of  atmospheric 
physics,  worthy  of  its  Latin  predecessor ;  and  for  London  I  can  afsign  no  limited 
possibilities. 

If  such  an  aesociation  were  established  I  should  not  need  to  reply  to  Professcr 
Schuster's  suggestion  for  the  suppression  of  observations.  The  real  requirement 
of  the  time  is  not  fewer  observations,  but  more  men  and  women  to  interpret  them. 
I  have  no  doubt  that  the  first  expression  of  such  an  organisation  would  be  one  of 
recognition  and  acknowledgment  of  the  patience,  the  care,  the  skill,  and  the  puUk 
spirit — all  of  them  sound  scientific  charncteristics — which  furnish  at  their  own 
expense  those  multitudes  of  observations.  The  accumulated  readings  appal  by 
their  volume,  it  is  true,  but  they  are,  and  must  be,  the  foundation  upon  which  the 
scientific  structure  will  be  built. 

3o  far  as  this  country  is  concerned  when  one  puts  what  is  in  comparison  with 
what  might  be  it  must  be  acknowledged  that  the  tendency  to  pessimistic  com- 
plaisance is  very  strong.  Yet  I  ought  not  to  allow  the  reflections  to  which  my 
predecessor's  Address  naturally  give  rise  to  be  too  depressing.  I  should  remember 
that,  as  Dr.  Hellmann  said  some  years  ago.  Meteorology  has  no  frontiers,  and  each 
step  in  its  progress  is  the  result  of  efforts  of  various  kinds  in  many  countries,  our 
own  not  excluded.  In  the  presence  of  our  guests  to-day,  some  of  whom  know  by 
practical  experience  the  advantages  of  the  association  of  academic  liberty  with 
oflicial  routine,  remembering  the  recent  conspicuous  successes  in  the  investigation 
of  the  upper  air  in  France,  Germany,  Austria,  Russia,  and  the  United  States, 
and  the  prospect  of  fruitful  co-operation  of  meteorology  with  other  branches  of 
cosmical  physics,  I  may  well  recall  the  words  of  Clough : 

fc'ay  not,  the  struggle  nought  availeth  .  .  . 
And  as  things  have  been,  they  remain. 

If  hopes  were  dupes,  fears  may  be  liars ; 

It  may  be.  in  yon  smoke  concealed 
Your  comrades  chase  e'en  now  the  fliers. 

And,  but  for  you,  possess  one  field. 

For  while  the  tired  waves,  vainly  breaking. 

Seem  here  no  painful  inch  to  gain, 
Far  back,  through  creeks  and  inlets  making, 

Comes  silent,  flooding  in,  the  main. 

An i  not  by  eastern  windows  only. 

When  daylight  comes,  comes  inthe  light ; 

In  front,  the  sun  climbs  slow,  how  slowly, 
But  westward,  look,  the  land  Is  bright. 
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Official  meteorologuts  are  not  wanting  in  scientific  ambitions  and  achievements. 
It  is  trae  that  Professor  Hann,  whose  presence  here  would  have  been  so  cordially 
wdcomedy  left  the  public  service  of  Austria  to  continue  his  services  to  the  world 
of  science  by  the  compilation  of  his  great  handbook,  and  Snellen  is  leaving  ^e 
direction  of  the  weatner  service  of  the  NetherlandB  for  the  more  exclusively 
scientific  work  of  directing  an  observatory  of  terrestrial  physics;  but  I  am 
reminded  by  the  presence  of  Professor  Mascart  of  those  services  to  meteorological 
optics  and  terrestnal  magnetism  that  make  his  place  as  President  of  the  Inter- 
national Committee  so  natural  and  fitting ;  and  of  the  solid  work  of  Angot  on  the 
diurnal  variation  of  the  barometer  and  the  reduction  of  barometric  observations  for 
height  that  form  conspicuous  features  among  the  many  valuable  memoirs  of  the 
Central  Bureau  of  Paris. 

Of  the  monumental  work  of  Hildebrandsson  in  association  with  Teisaerenc 
de  Bort  on  clouds,  which  culminated  quite  recently  in  a  most  important  addition 
to  the  pure  kinematics  of  the  atmosphere,  I  hope  the  authors  will  themselves 
speak.  Professor  Willis  Moore's  presence  recalu  the  advances  which  Bigelow 
has  made  in  the  kinematics  and  mechanics  of  the  atmosphere  under  the  ausj^ces 
of  Professor  Moore's  office,  and  reminds  us  of  the  debt  of  gratitude  which  the 
Enfflish-speaking  world  owes  to  Professor  Cleveland  Abb6,  of  the  same  office, 
for  nis  treatment  of  the  literature  of  atmospheric  mechanics. 

If  General  Rykatcheff  had  only  the  magnificent  climatological  Atlas  of  the 
Russian  Empire  to  his  credit  he  might  well  rest  satisfied.  Professor  Mohn's 
contributions  to  Uie  mechanics  of  the  atmosphere  are  examples  of  Norwegian 
enterprise  in  the  difficult  problems  of  Meteorology,  while  Dr.  Paulsen  maintains 
for  us  the  right  of  meteorologists  to  share  in  the  results  of  the  newest  discoveries 
in  physics.  Davis's  enterprise  in  the  far  south  does  much  to  bring  the  southern 
hemisphere  within  our  reach,  while  Chaves  places  the  meteorology  of  the  mid- 
Atlantic  at  the  service  of  the  scientific  world.  Need  I  say  an^hing  of  Billwiller's 
work  upon  the  special  effisct  of  mountains  upon  meteorological  conditions,  or  of 
the  immense  services  of  those  who  cooperate  with  Hann  in  the  production  of  the 
'  Meteorologjsche  Zeitschrifl,'  Professor  Pemter,  of  Vienna,  and  Dr.  Hellmann,  of 
Berlin ;  of  Palazzo's  contributions  to  terrestrial  ma^etism  ?  The  mention  of  Eliot's 
Indian  work,  or  of  Russell's  organisation  of  Austrahan  meteorology,  will  be  sufficient 
to  show  that  the  dependencies  and  colonies  are  prepared  to  take  a  share  in  scientific 
enterprise.  And  if  I  wished  to  reassure  myself  that  even  the  official  meteorology  of 
this  country  is  not  without  its  scientific  ambitions  and  achievements  I  would  refer 
not  onlv  to  Scott's  many  services  to  science  but  also  to  Strachey's  papers  on  Indian 
and  British  Meteorology  and  to  the  official  contributions  to  Marine  Meteorology. 

There  is  another  name,  well  known  in  the  annals  of  the  British  Association^ 
that  vrill  for  ever  retain  an  honoured  place  among  the  pioneers  of  meteorological 
enterprise — ^that  of  James  Glaisher,  the  intrepid  explorer  of  the  upper  air,  the 
Nestor  of  official  meteorologists,  who  has  paseea  away  since  the  last  meeting  of  the 
Association* 

I  should  like  especially  to  mention  Professor  Hergesell's  achievements  in  the 
organisation  of  the  international  investigation  of  the  upper  air  by  baUoons  and 
kites,  because  it  is  one  of  the  departments  which  offers  a  most  promising  field  for 
the  ftiture,  and  in  which  we  in  tnis  country  have  a  good  many  arrears  to  make  up. 
I  hope  Professor  Hergesell  will  later  on  give  us  some  account  of  the  present  posi- 
tion of  that  investigation,  and  I  am  glad  that.  Mr.  Botch,  to  whose  enterprise  the 
development  of  what  I  may  call  the  scientific  kite  industry  is  largely  due,  is  present 
to  take  purt  in  the  discussion. 

^  Yet  with  all  these  achievemente  it  must  be  confessed  that  the  progress  made 
with  the  problems  of  general  or  dynamical  Meteorolo^  in  the  last  thirty  years 
has  been  disappointing.  When  we  compare  the  position  of  the  subject  with 
that  of  other  Drand^es  of  Physics  it  must  be  allowed  that  it  still  lacks  what 
astronomy  found  in  Newton,  sound  in  Newton  and  Chladni,  light  in  Young  or 
Fresnely  heat  in  Joule,  Kelvin,  Clausius,  and  Helmholtz,  and  electricity  in  Faraday 
and  MaxwelL  Above  all,  it  lacks  its  Kepler.  Let  me  make  this  clear.  Kepler  a 
contribution  to  physical  astronomy  was  to  formulate  laws  which  no  heavenly  body 
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actually  obeys,  but  which  enabled  Newton  to  deduce  the  law  of  gravitation.  Hie 
first  jin»at  step  in  the  development  of  any  physical  science  is  to  substitute  for 
the  indescribably  complex  reality  of  nature  an  ideal  system  that  is  an  e£focttve 
equivalent  for  the  purposes  of  theoretical  computation.  I  cannot  refrain  from 
quoting  again  from  jPlato's  'Republic'  a  passage  which  I  have  quoted  elsewhere 
before,  u  expresses  paradoxically  but  still  cleiuly  the  relation  of  natural  philo- 
sophy to  natural  science.  In  the  discussion  of  the  proper  means  of  stadvii^ 
scienoes  Socrates  is  made  to  say, '  We  shall  pursue  astronomy  with  the  help  of 
problems  just  as  we  pursue  geometry ;  but  we  shall  let  the  heavenly  bodies  uooe 
if  it  is  our  design  to  become  really  acquainted  with  astronomy/  What  I  take  to 
be  the  same  idea  is  expreased  in  other  words  by  Rayleigh  in  the  introduction  to 
his  '  Sound.*  He  there  points  out  as  an  example  that  the  natural  problem  of  a 
sounding  tuning-fork  really  comprises  the  motion  of  the  fork,  the  air,  and  the 
vibrating  parts  of  the  ear ;  and  tne  first  ste{>  in  sound  is  to  simplify  the  complex 
system  of  nature  by  assuming  that  the  vibrations  of  the  fork,  the  air,  and  the  ear 
can  be  treated  independently.  In  many  sciences  this  step  is  a  most  difficult  one  to 
take.  What  student  of  nature,  contemplating  the  infinity  of  heavenly  bodies  and 
unfamiliar  with  Vj^  method  of  idealism,  would  imagine  that  the  most  remarkable 
and  universal  generalisation  in  physical  science  was  arrived  at  by  reducing  the 
dynamics  of  the  universe  to  the  problem  of  three  bodies  P  When  we  look  roond 
the  scienoes  each  has  its  own  peculiar  ideals  and  its  own  physical  quantities : 
astronomy  has  its  orbits  and  its  momentum,  sound  its  longitudinal  vibration,  light 
its  transverse  vibration,  heat  its  energy  and  entropy,  electricity  its '  quaoti^ '  and 
its  wave,  but  meteorology  has  not  yet  found  a  satisfactory  ideal  problem  to  subeti- 
tnte  for  the  complexity  of  nature.  1  wish  to  consider  the  aspect  of  the  science 
from  this  point  of  view  and  to  recall  some  of  the  attempts  made  to  arrive  at  a 
satisfactory  modification  of  reality.  I  do  not  wish  to  refer  to  such  special  mppQcA" 
tions  of  piiysical  reasoning  as  may  be  involved  in  the  formation  of  cload,  the 
thermodynamics  of  a  mixture  of  air  and  water  vapour,  the  explanation  of  optical 
or  electrical  phenomena,  nor  even  Helmholtz's  appucation  of  the  theory  of  gravi- 
tational waves  to  superposed  layers  of  air  of  difierent  density.  These  require 
only  conventions  which  belong  already  to  physics,  and  though  they  may  furnish 
suggestions  they  do  not  thems^ves  constitute  a  general  meteorolo^al  theory. 

The  most  direct  efibrts  to  create  a  general  theory  of  atmospheric  circulation  are 
those  which  attempt  to  apply  Newtonian  dynamics,  with  its  more  recent  develop- 
ments on  the  lines  of  hydrodynamics  and  Uiermodynamics.  Attempts  have  heat 
made,  mathematical  or  otherwise,  to  determine  the  general  circulation  of  the 
atmosphere  by  the  application  of  some  form  of  calcuhttion,  assuming  only  the 
sun  and  a  rotating  earth,  with  an  atmosphere,  as  the  data  of  Uie  problem.  I  con- 
fess that  these  attempts,  interesting  and  u^nious  as  they  are,  seem  to  me  to  be 
somewhat  premature.  The  '  problem '  is  not  sufficiently  formulated.  Wlien 
Newton  set  to  work  to  connect  the  motions  of  the  heavenly  bodies  with 
their  causes,  he  knew  what  the  motions  of  the  heavenly  bodies  were.  Mathe- 
matics is  an  excellent  engine  for  explaining  and  confirming  what  you  know.  It 
is  very  rarely  a  substitute  for  observation,  and  before  we  rely  upon  it  for  telling  ua 
what  the  nature  of  the  general  circulation  of  the  atmosphere  really  is,  it  would 
be  desirable  to  find  out  by  observation  or  experiment  what  dynamic^  and  elastic 
properties  must  be  attributed  to  an  extremely  thin  sheet  oi  compressible  fluid 
rotating  about  an  axis  with  a  velocity  reaching  1,000  miles  an  hour,  and  subject  to 
periodic  heating  and  cooling  of  a  very  complicated  character.  It  would  be  more  in 
consonance  witn  the  practice  of  other  sciences  to  find  out  by  observation  what  the 
general  circulation  is  before  using  mathematics  to  explain  it.  What  strikes  one  most 
about  the  mathematical  treatises  on  the  general  circulation  of  the  atmosphere  ia 
that  what  is  true  about  the  conclusions  is  what  was  previously  known  from 
observation.  It  is,  I  think,  clear  that  that  method  has  not  given  us  the  working 
ideal  upon  which  to  base  our  theory. 

Consider  next  the  attempts  to  regard  atmospheric  phenomena  as  periodic  Let 
me  include  with  this  the  correlation  of  groups  of  atmospheric  phenomena  with  each 
other  or  with  those  of  the  sun,  when  the  periodicity  is  not  nec^sarily  regular,  an4 
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the  scientific  procesB  consists  in  identifying  corrcMBponding  changes.  This  method 
his  given  some  remaricable  results  by  the  comparison  of  the  seauence  of  changes 
in  the  meteorological  elements  in  the  hands  of  Pettersen  and  ileinoidos,  and  by 
the  comparison  of  the  Tariation  of  pressure  in  difieient  parts  of  the  globe  by  Sir 
Norman  Lockyer  and  Dr.  W.  J.  o.  Lockyer ;  as  regards  the  earth  and  the  sun 
the  subject  has  reached  the  stage  of  productive  discussion.  As  a  matter  of  fact,  by 
continuing  this  Address  I  am  preventing  Sir  Norman  Lockyer  from  telling  you  aU 
about  it. 

For  the  purpose  of  dealing  with  periodicity  in  any  form  we  substitute  for 
natui^  an  ideal  system  obtained  by  using  mean  values  instead  of  individual 
values,  and  leaving  out  what,  from  this  point  of  view,  are  called  accidental 
elements.  The  simplification  is  perfectly  legitimate.  Passing  on  to  the  con- 
sideration^ of  periodicity  in  the  stricter  sense  the  process  which  has  been  so 
efiective  in  dealing  with  tides,  the  motions  of  the  liquid  layer,  is  very 
attractive  as  a  means  of  attacking  the  problems  of  the  atmosphere,  because,  in 
accordance  with  a  principle  in  dynamics,  to  every  periodic  cause  theie  must 
correspond  an  efiect  of  the  same  period,  although  the  relation  of  the  magnitude  of 
the  effect  to  the  cause  is  governed  by  the  approximation  of  the  natund  period  of 
the  body  to  that  of  the  cause. 

There  are  two  forms  of  the  strict  periodic  method.  One  is  to  examine  the 
generalised  observations  for  periodicities  of  known  length,  whether  it  be  that  of  the 
lonar  rotations  or  of  sunspot  frequency,  or  of  some  k>nger  or  shorter  period.  In 
this  connexion  let  me  admowledge  a  uurther  obligation  to  Professor  Schuster  for 
tacking  on  to  his  Address  of  last  year  a  development  of  his  work  on  the  detection 
of  hidden  periodicities  by  giving  us  a  means  of  estimating  numerically  what  I  may 
call  the  reality  of  the  periodicity.  The  other  method  is  by  hurmonic  analysis  of  a 
aeries  of  observations  with  the  view  of  finding  causes  for  the  several  harmonic 
com^nents.  I  may  say  that  the  Meteorologiciu  Office,  supported  by  the  strong 
opinion  of  Lord  Kelvin,  has  favoured  that  plan,  and  on  that  account  has  for  many 
years  issued  the  hourly  results  for  its  observatories  in  the  form  of  five-day  means 
as  representing  the  smidlest  interval  for  which  the  harmonic  analysis  could  be 
satisfactorily  employed.  Sir  Richard  Strachey  has  given  some  examples  of  its 
application,  and  the  capabilities  of  the  method  are  by  no  means  exhausted,  but  as 
regards  the  general  problem  of  dynamic  meteorology  harmonic  analysis  has  not  as 
yet  led  to  the  disclosure  of  the  required  generalisation. 

I  ought  to  mention  here  that  Professor  Earl  Pearson,  with  the  assistance  of 
Miss  Cave,  has  been  making  a  most  vigorous  attempt  to  estimate  the  numerical  value 
of  the  relationship,  direct  or  inverse,  between  the  barometric  readings  at  different 
places  on  the  eartn's  surfiu^.  The  attempt  is  a  most  interesting  one  as  an  entirely 
new  departure  in  the  direction  of  reducing  the  complexity  of  atmos^erio  pheno- 
mena. If  it  were  possible  to  find  coordinates  which  showed  a  satiNactory  corre- 
lation it  might  be  possible  to  reduce  the  number  of  independent  variables  and 
refer  the  atmospheric  changes  to  the  variations  oT  definite  centres  of  action  in  a 
way  that  has  already  been  approached  by  Teisserenc  de  Bort  and. Hildebrandsson 
from  the  meteorological  side. 

Years  ago,  when  Buys  Ballot  laid  down  ab  a  first  law  of  atmospheric  motion 
that  the  direction  of  the  wind  was  transverse  to  the  barometric  gradient  and  the 
force  largely  dependent  upon  the  gradient,  and  when  the  examination  of  syn- 
chronous charts  showed  that  the  motion  of  air  could  be  classified  into  cyclonic 
and  antievelonic  rotation,  it  appeared  that  the  meteorological  Kepler  was  at  hand, 
and  the  first  step  towards  the  identification  of  a  working  meteorological  unit  had 
been  taken— the  phenomena  of  weather  mi^ht  be  accounted  for  by  the  motion  and 
action  of  the  cyclonic  depression,  the  position  of  the  ascending  current,  the  baro- 
metric minimum.  The  individual  readings  over  the  area  of  the  depression  could 
be  reprssented  by  a  single  symbol.  By  attributing  certain  weather  conditions  to 
certain  parts  of  tlie  cycu>nic  area  and  supposing  tlmt  the  depression  travelled  with 
more  or  less  unchanged  characteristics  the  vagaries  of  weather  changes  can  be 
accounted  for.  For  thirtr  years  or  more  the  dc^^ression  has  been  closely  watched, 
apd  thousands  of  successni].  forecasts  have  been  based  upon  a  knowledge  of  iu 
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habits.  Bat  mifortimatelj  the  travelliiig  depression  cannot  be  said  to  preient 
its  identity  in  aoj  sense  to  which  qnantatative  reasoning  can  be  applied.  As  long 
as  we  confine  ounelTes  to  a  comparatiTsly  small  region  of  the  earth's  snxfiMS  tke 
travelling  depression  is  a  real  entity,  but  when  we  widen  our  area  it  is  sabject 
to  such  variations  of  path,  of  speed,  of  intensity,  and  of  area  that  its  osr  at  a 
meteorological  unit  is  seriousl^r  impaired,  and  when  we  attempt  to  trace  it  to 
its  source  or  follow  it  to  its  end  it  eludes  us.  Its  origin,  its  behavigur,  and  its  end 
are  almost  as  capricious  as  the  weather  itself. 

Nor  if  we  examine  other  cases  in  which  a  veritable  entttvis  transmitted  can  we 
expect  that  the  simple  barometric  distribation  should  be  free  uom  inexplicable  varia* 
tions.  We  are  familiar  with  ordinary  motion,  or,  as  I  will  call  it,  astioiiomicil 
motion,  wave  motion,  and  vortex  motion.  Astronomical  motion  is  the  motion  of 
matter,  wave  motion  the  motion  of  energy,  vortex  motion  the  motion  of  matter 
with  energy,  but  the  motion  of  a  depression  is  merely  the  transmission  of  the 
locus  of  transformation  of  energy  ;  neither  the  matter  nor  the  energy  need 
accompany  the  depression  in  its  motion.  If  other  kinds  of  motion  are  subject 
to  the  laws  of  conservation  of  matter  and  conservation  of  energy,  the  motioo 
of  the  depression  must  have  regard  also  to  the  law  of  dissipation  of  energy. 
An  atmospheric  disturbance,  with  the  production  of  rainfall  and  other  thermsl 
phenomena,  must  comply  in  some  way  with  the  condition  of  maximum  entropv, 
and  we  cannot  expect  to  account  for  its  behaviour  until  we  can  have  proper 
regard  to  the  variations  of  entropy.  But  the  conditions  are  not  yet  in  a  form 
suitable  fbr  mathematical  calculation,  and  we  have  no  simple  rules  to  guide 
us.  80  far  as  Meteorology  is  concerned,  Willard  Gibbs  unfortunately  left  hit 
work  unfinished. 

When  the  cyclonic  depression  was  reluctantly  recognised  as  too  unstable  a 
creature  to  carry  the  structure  of  a  general  theory  Mr.  Galton's  anttcyclanes, 
the  areas  of  high  pressure  and  descending  currents,  claimed  consideration  as 
bebg  more  permanent.  Professors  Koppen  and  van  Bebber  have  watched  their 
behaviour  with  the  utmost  assiduity  and  sought  to  6nd  therein  a  unit  by  which  the 
atmospheric  changes  can  be  classiOed  ;  but  I  am  afraid  that  even  Dr.  van  Bebber 
must  allow  that  his  success  is  statistical  and  not  dynamical  '  High  pressures ' 
follow  laves  on  the  average,  and  the  quantity  we  seek  is  not  an  average  but  an 
individual 

The  question  arises,  whether  the  knowledge  of  the  sequence  of  weather  changes 
must  elude  us  idtogether,  or  will  yield  to  further  search.  Is  the  man  in  the 
street  right  after  all  P  But  consider  how  limited  our  real  knowledge  of  the  facts 
of  atmospheric  phenomena  really  is.  It  may  very  well  be  that  observations  on  the 
surfiBtce  will  never  tell  us  enough  to  establish  a  meteorological  entity  that  will  be 
^uhject  to  mathematical  treatment;  it  may  be  that  we  can  only  acquire  a  know- 
ledge of  the  general  circulation  of  the  atmosphere  by  the  study  of  the  upper 
air,  and  must  wait  until  Professor  Hergesell  has  carried  his  international  organisa- 
tion so  far  that  we  can  form  some  working  idea  therefrom  of  general  meteoro- 
logical processes.  But  let  us  consider  whetl^r  we  have  even  attempted  for  surface 
meteorology  what  the  patience  of  astronomers  from  Copernicus  to^epler  did  for 
astronomy. 

Do  we  yet  fully  comprehend  the  kinematics  of  the  travelling  depression ;  and 
if  not,  are  we  in  a  satimactory  position  for  dealing  with  its  dynamics  ?  I  have 
lately  examined  minutely  the  kinematics  of  a  travelling  storm,  and  the  results 
have  certainly  surprised  me  and  have  made  it  clear  that  the  travelling  depresdons 
are  not  all  of  one  Kinematical  t^rpe.  We  are  at  present  hampered  by  the  want  of 
really  satisfactory  self-recording  instruments.  I  have  sometimes  thought  of 
appealing  to  my  friends  the  professors  of  physics  who  have  laboratories  where  the 
reading  of  the  barometer  to  the  thousandtn  of  an  indi  belongs  to  the  work  of  the 
'elementary  class,*  and  of  asking  them  to  arrange  for  an  occasional  orgy  of  simul- 
taneous readings  of  the  barometer  all  over  the  country  with  correqK>nding 
weather  observations  for  twenty-four  consecutive  hours,  so  that  we  might  really 
know  the  relation  between  pressure,  rainfall,  and  temperature  of  the  travelling 
depressions ;  but  I  fetx  the  area  covered  would  even  then  hardly  be  large  enongfa| 
and  we  must  improve  our  self-recording  instruments.  #  v^  ^  ^  1  ^ 

Digitized  by  VjOOQL€ 


TRANSACTIONS  OP  SECflON  A.  549 

Then,  again,  have  we  arrired  at  the  extremity  of  oar  knowledge  of  tlie  surface 
circulation  of  the  atmoaphere  P  We  know  a  great  deal  about  the  average  monthly 
dietribution,  but  we  know  little  about  the  instantaneous  distribution.  It  may  be 
that  by  taking  averages  we  are  hiding  the  very  points  which  we  want  to  disclose. 

Let  me  remind  you  again  that  tlie  thickness  of  the  atmosphere  in  proportion 
to  the  earth's  surfiuse  is  not  unsatisfactorily  represented  1^  a  sheet  of  paper.  Now 
it  is  obvious  that  currents  of  air  in  such  a  thm  layer  must  react  upon  each  other 
horizontally,  and  therelbre  we  cannot  d  priori  regard  one  part  of  the  area  of  the 
earth's  suruice  as  meteorologically  independent  of  any  other  part.  We  have  daily 
synoptic  charts  for  various  small  parts  of  the  fflobe,  and  the  Weather  Bureau 
extended  these  over  the  northern  hemisphere  for  the  years  1876  to  1870 ;  but  who 
can  say  that  the  mete<Mt>loffy  of  the  northern  hemisphere  is  independent  of  that  of 
the  southern  P  To  settle  that  primary  question  we  want  a  synchronous  chart  for 
the  globe.  As  lon^  as  we  are  unable  to  watch  the  changes  in  the  globe  we  are  to  a 
certain  extent  groping  in  the  dark.  A  neat  part  of  the  world  is  already  mapped 
every  day,  and  the  time  has  now  arrived  when  it  is  worth  while  to  consider  what 
contributions  we  can  make  towards  identifying  the  distribution  of  pressure  over 
the  plobe.  We  may  idealise  a  little  by  disregarding  the  local jpecuHsjities  without 
sacnfleing  the  ^eral  application.  I  have  put  in  the  exhibition  a  series  of  maps 
showing  what  approximation  can  be  made  to  an  isochronous  chart  of  the  f^looe 
without  special  effort.  We  are  gradually  extmiding  the  poMibility  of  acquiring  a 
knowledge  of  the  facts  in  that  as  in  other  directions.  With  a  little  additional 
enterprise  a  serv iceaUe  map  conld  be  compiled ;  and  when  that  has  been  reached, 
and  when  we  have  added  to  that  what  the  clouds  can  tell  us,  and  when  the  work 
of  the  Aeronautical  Committee  has  so  far  progressed  that  we  can  connect  the 
motion  of  the  upper  atmosphere  with  the  conditions  at  the  surface,  when  we  know 
the  real  kinematics  of  the  vertical  and  horizontal  motion  of  the  various  parts  of  a 
travelling  storm,  we  shall,  if  the  universities  will  help  us,  be  able  to  give  some 
rational  explanation  of  those  periodic  relations  which  our  solar  physics  mends  are 
identifying  for  us,  and  to  classify  our  phenomena  in  a  way  that  the  inheritors  of 
Kepler's  achievements  associated  with  us  in  this  Section  may  be  not  unwilling  to 
recognise  as  scientific. 

The  following  Papers  were  read : — 

1.  On  Simultaneous  Solar  and  Terrestrial  Phenomena,^ 
By  Sir  N.  Lookyer,  KR,S. 


2,  On  the  BelaHon  of  the  Rain/all  of  Scotland  to  the  Sun  spot  Periods, 
1856-98.    By  A.  Buchan,  M.A.,  LL.D.,  F.B.S.,  F.B.S.E. 


3.  Etudes  sur  les  Depressions  Barom^triques  ^  Diverses  HatUeurs. 
Par  L.  Teissbreno  db  Bort. 

II  y  a  dix-sept  annte  raaintenant  que  j'ai  montr^  pour  la  premidre  fois  que 
lorsqu  <m  construit  la  carte  des  isobares  moyennes  des  diff($rents  mois  4  diverses 
altitudes,  en  partant  des  pressions  et  de  la  temperature  au  sol,  on  voit  s*effacer  la 
plupart  des  maxima  et  minima  de  pression.  Ces  aires  entour^es  de  courbes  ferm^es 
font  place  k  de  simples  inflexions  des  isobares  qui  se  disposent  en  pente  depuis  les 
r^oos  tropicales  jusque  vers  les  r^gjons  polaires. 


Si  Fon  considdre  par  exemple  la  carte  moyenne  des  isobares  de  Janvier  on  voit 

I  les  grandee  aires  de  haute  pressions  de  Sib^rie  et  de  TAm^rique  du  Nord,  qui 

j-_^  1-   circulation  sur  la  plus  grande  partie  des  continents,  sont  d4j4 

4  Taltitude  de  2  et  disparaissent  k  pen  prds  compldtement  k  4,000  m. 


que 

commandent  la 
trds  amoindries 


*  Printed  as  an  Appendix  to  the  Report  of  the  Southport  Meeting  of  the  In 
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TjO  minimiiin  barom^triqne  dee  Oo^tiis  Atlantiqiie  etPacifiqiie  Nord  eat  leport^ 
t»lu}  aa  nord  eo  meme  tempe  qull  s'^tend  k  dioite  et  k  gauche  de  fa^on  k  Smwuet 


son  plos  une  aire  limits  en  longitude  mais  line  aimple  tone  de  baaae  pieawon 
entourant  la  tern  entidre. 

MaiB  la  constmction  de  ces  divenee  cartes  snppoBait  qae  la  forarale  baro- 
m4tri^ue  qu'on  emploie  eat  bien  applicable  et  qii*<m  coimait  asaes  aonicteiBeot  k 
d^oi»ance  de  temperature  avec  Taltitude  aux  oiTers  points. 


L'exactitude  de  la~  formula  employ^,  outre  qu'elle  dtait  d^h  v^rifite  par  lee 
obearyations  faites  ear  lee  montagnesy  a  en  outre  re^ue  une  confirmation  direete  par 
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les  determinations  des  hauteurs  d'ane  s^rie  de  ballons  sondes  (lanc^  dans  ces 
quatre  demidres  ann^s  k  robeeryatoire  de  mdt^orologie  dynamique)  faites  simid* 
tan^^ment  par  le  baromdtre  et  par  inanimation.    Le* ballon  dtait  viai  au  theodolite 
par  deux  observateurs  pkc^s  auz  extremites  d'une  base  relives  par  telephone. 
La  comparaison  des  deux  m^thodes  a  montr^  [que  les  hauteurs  deduites  du 


baromdtre  sont  ordinairement  exactea  jusqu'H  8  ou  10  kil.  k  ^  pr^.    A  une 
altitude  de  4,000  kiL  llnoertitude  est  done  uegligeable. 

Quant  *i  la  decroissance  de  la  temperature,  son  influence  est  asses  grande.  Let 
determinations  faites  en  ballon,  et  en  particulier  en  ballon  sonde,  montrent  au'elles 
variant  ordinurement  entre  0^*45  par  100  m.  et  0^*90.  Pour  une  altitude  de  4,000  m., 
partant  d'une  temperature  donnee,  on  obtient  une  temperature  qui  peut  differer 
d 'environ  8^9  degres,  ce  qui  pour  la  temperature  de  la  couche  moyenne  du  sol  k 


4/)00  m.  correspond  k  une  difference  de  4^*6,  et  introduit  une  incertitude  d'environ 
6  miUimdtres  dans  les  isobares  calcuiees  pour  la  hauteur  de  4,000  m. 

Mais  les  Bondages  par  ballon  sonde  ont  montre  que  ces  differences  de  de« 
croissance  sont  extremes  et  qu'ordinairement  les  nombres  calcules  se  rapprochent 
beaucoup  des  nombres  observes. 

Une  fois  en  possession  de  ces  resultats  verifies  par  les  observations  dee  cirra& 
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je  me  suis  deouind^  ei  lea  isdbares  de  nos  cartesjoamalidresne  aeraient  pas  modifi^ 
notablement  a  mesure  qiron  s'^l^ve  dans  ratmospbdre. 

J*ai  done  esflay^  de  calculer  lea  iaobares  dans  certain  nombre  de  cartes  typiquea 
k  Taltitude  de  4,000  m. 

Les  rteultats  ont  ^t^  analogues  k  ceux  obtenus  pour  les  cartes  moyeones,  ayee 
cette  dif($rence  notable  cepencUnt  qu'un  certain  nombre  de  minima  de  preasionoot 
pr^aent^  une  plus  grande  persiatance  et  ae  retrouvent  ainsi  sur  les  cartes  dea 
laobarea  k  4fi(S0  m. 

Noua  donnona  ici  quelquea  exemplea  de  cea  diversea  cartea. 


Lea  T^rificationa  directea  dea  conclusions  tiroes  de  noa  cartes  ae  trouvent  dana  les 
obaerrationa  dea  pointa  d'aterriaaage  dea  ballona  sondes. 

Oes  demiera  noua  montrent  que  lea  Udlona  lanc^  au  S.S.E.,  E.,  non  loin 
d*un  centre  de  d^preasion,  quand  ila  se  maintiennent  k  une  hauteur  moyenne  de  G  i 
7  kilometres  tomoent  en  un  point  aitu^  k  une  latitude  aup^rieure  et  la  plupart  da 
temps  en  dea  lieuz  ott  la  preaaion  eat  infSrieure  k  celle  du  point  d'ou  us  aont 
partisy  ce  qui  montre  que  la  convergence  de  Fair  vers  le  centre  est  rielle, 

Les  ballona  qui  atteignent  une  asaes  grande  altitude,  11  &  14  Idl.,  et  font  on 
adjour  de  quelquea  heurea  dana  lea  hautea  couchea  tombent  en  dea  pointa  aitu^d  aur 


Tayant  de  la  d^preaaion  et  t^moignent  aInsi  qu*il  y  a  un  mourement  diyergent  bien 
marqud  dana  les  hautes  regions. 

Ces  r6sultata  sont  bien  d*accord  avec  ceux  aue  M.  Clement  Ley  et  aurtout 
M.  Hildebrandason  ont  mis  en  lumi^re  par  r^tuae  dea  mouyementa  des  nuages. 
Maia  ila  prouyent  que  mime  dana  lea  portiona  ou  le  ciel  eat  tout  k  fait  couyert,  et 
par  cons6auent  robaervation  des  nuages  ^ley^s  ne  pent  pas  noua  renseigner,  on  a 
surtont  k  Tayant  une  circulation  convergente  en  baa  et  divergente  en  haut. 

Vera  le  bord  dea  d^preasiona  la  diyergence  k  la  r^ion  sup^rieuie  est  trda 
marqu^  et  les  ballona  atteignant  de  hautea  couchea  tombent  en  dea  points  ou  le 
barom^tre  eat  bien  plus  haut  qvJk  leur  point  de  depart. 
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La  divergence  de  Tsir  da  minimum  dans  lea  haatea  r^ons  est  done  tr^s 
accentu^  h  mesnre  qu'on  8*approcbe  de  la  zone  des  pressions  plus  fortes  vers 
lesqnelles  converge  Tair  sup^rieur. 

Mais  le  &it  le  plus  intiSressant  est  celui  que  les  trajectoires  dea  ballons  nous 
montrent  dans  la  partie  N.W.  et  W.  des  depressions  de  nos  regions. 

Les  ballons  an  lieu  de  tomber  k  Touest,  au  S.W\  ou  au  sad  de  leur  point  de 
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depart,  eomme  la  direction  g^n^rale  du  Tent  semblerait  I'indiquer,  tombent  au 
nord  oa  au  N.W.,  montrant  ainsi  clairement  que  le  moayement  de  rotation  autour 
da  centre  de  depression  ne  se  prolonge  pas  dans  la  haatear. 

Oe  r^saltat  montre  que  la  depression  n'est  pas  fermee  vers  le  nord,  ce  qui  est 
bien  d'accord  avec  ce  que  les  cartes  dHsobares  calculeea  noua  indiqaent. 

MaiB  ila  montrent  en  cutre  que  le  vent  iupSrieur  d  Tarrih'e  de  la  dipre$sion 
vient  du  iud  ou  du  S.  W.  Digitized  by  L^OOgle 
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Ces  condosioDS  out  Mi  tout  h  Mi  confirmees  par  un  cm  oil  aTons-noat  pa 
suiTre  par  des  yis^ea  de  deux  theodolites  un  balUm  sonde  parti  de  robsaratooe 
de  Trappes  dans  la  portion  N.W.  d'nne  depression. 

Oe  oallon  apr^  aToir  marche  avec  le  Tent  inferienr  pendant  un  certain  temps 
et  jusqu*^  une  altitude  de  5,000  m.  s'arrfita  dans  son  monyemeat  Tera  le  S.  W. 
pour  rebrouaser  chemin  et  mardier  rers  le  N.N.E.,  direction  quTl  conservm  enauite 
pendant  pres^ue  tout  son  parcours. 

II  a  atem  en  Belgique.  ,         .    •.    . 

La  carte  d-jointe  indique  la  situation  g^nerale  des  isobaies,  le  matin  da  teaeer 
et  la  trajectoire  suivie  par  le  ballon.  , 

Lea  observations  par  ballon  sonde  et  par  cerf-volant  nous  renseignent  dime 
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manidre  tr^s  iuteressante  sur  la  distribution  verticale  des  temperatures  dans  les 
depressions  et  dans  les  maxima  barometriques. 

Le  point  le  plus  aaillant  et  general  dans  lee  depressions  de  nos  re^ons  est  la 
rapide  decroissance  de  temperature  dans  le  corps  meme  de  la  depression  jusqul^ 
une  altitude  variable,  mais  qui  atteint  ordlDairemetit  Tldldmdtres. 

Le  point  de  savoir  all  fait  plus  chaud  ou  plus  froid  dans  la  partie  basse  de  la 
depression  que  dans  la  portion  eorrespondante  du  maximum  barometnqoe  n'est 
pas  bien  elucide^il  est  aailleurs  dependant  dans  une  large  mesnra  de  la  saason  et 
des  circonstances  geo^phiques.  £n  hiver  la  partie  imerieure  du  maximum  est 
ordinairement  plus  froide,  paroe  que  le  oiel  est  dair.  le  rayonnement  intense  et  las 
vents  continentaux.  Eln  ete  c'est  ordinairement  le  contraire,  la  purete  du  dd 
determinant  un  ecbaufiement  du  sol  par  insolation,  pendant  que  la  dtaesaon 
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qui  B*accompagne  de  temps  couvert  et  de  pluie  emp^che  le  r^hauffement  du 
8ol. 

BaDB  c%  qu'on  peut  sprier  la  region  d'altitude  moyenne,  c'est-i-dire  aa-deasus 
de  4,000  m.  dans  la  region  occup^  le  plus  souvent  par  les  alto-cumulus,  la 
depression  est  notablement  plus  froide  que  le  maximum ;  plus  haut  la  difference  tend 
k  s'^poliser,  parce  qu'alors  la  d^croissanoe  de  temperature  devient  au  moins  egale 
dans  le  maximum  k  ce  qu'elle  est  dans  le  corps  de  la  depression. 

CoucMes  Isotkermes, — Un  phenom^ne  particulier  que  nos  observations  par 
ballon  nous  ont  permis  de  deoouvrir  joue  un  r61e  important  dans  la  decrc^ssancede 
temperature  dans  differentes  situations. 

Nos  kncen  £uts  de  nuit  pour  nous  soustraire  aux  erreurs  provenant  de 
llnsolation  ont  permis  d^  1809  d'etudier  la  temperature  au-dessus  de  10  Idlo- 
ni^tree  jusou'^  13  et  14  kilometres. 

Nous  n  avons  pas  tarde  k  reconnaitre  qu'4  partir  d'une  hauteur  variable  avec  la 
situation  dn  temps,  mais  ordinairement  superieure  k  10  kil.,  la  temperature  ceseait 
de  deeoendre,  ou  mSme  presentait  une  legdre  elevation,  avec  quelquefois  un  leger 
abaissement  ensuite. 

D*une  manidre  generale  on  arrive  kxme  conche  oii  la  temperature  reste  k  peu 
prds  nniforme  et  que  pour  cela  nous  avons  appeie  la  zone  isotherme,  Oette  zone 
presente  souvent  une  epaisseur  de  plusieurs  nulliers  de  metres. 

Le  second  fidt  auquel  nos  observations  nous  ont  conduit  c*est  que  la  hauteur 
od  on  penetre  dans  la  zone  isotberme  varie  de  8,000  k  14,000  metres  au  moins. 

Cette  zone  est  la  plus  basse  aurdessus  des  depressions  baromStriques,  et  te  tient 
d^une  plus  grtmde  aUitude  au'dessus  des  maxima  de  pression  et  sur  Is  bord  avant 
des  grandes  depressions  baromitriques, 

II  resulte  ae  ce  fidt  que  dans  les  couches  elevees,  au-dessus  de  la  depression,  la 
temperature  oesse  de  diminuer  k  une  altitude  qui  est  ordinairement  de  10  Kilometres, 
pendant  que  la  temperature  dans  lee  regions  de  hautes  pressions  voisines  continue 
a  diminuer  pendant  plusieurs  kilometres  encore. 

La  temperature  plus  froide  qui  se  remarque  dans  la  depression  tend  done  k 
s^egaliser  avec  celie  du  maximum  barometrique  et  elle  finit  par  devenir 
superieure. 

Ce  dernier  fait  est  demontre  directement  par  la  constatation  que  les  tempera- 
tures les  plus  fh>ides  se  trouvent  au-dessus  des  regions  de  maxima  barometriquee. 

En  resume  aprds  le  trace  des  isobares  dans  Tatmosphere,  et  d'apr^s  les  mouve- 
ments  des  ballons  et  les  determinations  de  temperature  faites  avec  ces  sondages 
nous  pouvons  representor  les  depressions  de  nos  regions  sons  la  forme  suivante : 

Comme  on  le  voit  par  la  coupe  vertioale  de  Tatmosphere  les  isothermes  se 
disposent  de  fiEt9on  k  ce  que  la  temperature  plus  basse  k  Tinterieur  de  la  depression 
dans  la  re^on  moyenne  devienne  plus  haute  k  la  partie  superieure. 

II  est  bien  entendu  dans  tout  ce  que  nous  di^ns  qu*il  s*agit  des  depressions  et 
des  hautes  pressions  de  nos  regions,  les  seules  que  nous  ayons  pu  etudier  par 
ballon  et  cerf-volant. 

En  resume,  les  depressions  de  nos  regions  nous  apparaissent  done  comme  formees 
sur  la  pente  du  grand  minimum  barometrique  (voir  carte  de  Janvier  k  4,000  m.) 
aui  a  son  centre  vers  les  p61es  et  dont  le  mouvement  des  cirrus  d'ouest  k  Test,  bien 
demontre  par  M.  Hildebrandsson.  indique  toute  Tactiyite. 

L*avenir  nous  apprendra  quelle  est  la  nature  des  perturbations  qui  se  produisent 
sur  la  pente  du  grand  minimum,  donnant  nabsance  k  nos  depressions  tourbiUon- 
naires  dont  les  sondages  aeriens  permettent  de  predser  la  constitution. 


4.  The  Origin  and  Forma  of  Hoar  Frost.    By  Karl  Grossmann,  M,D., 
F.B.C.S,,  F.G.S.,  and  Joseph  Lomas,  A.B.C.S.,  F.G.S, 

Hoar  frost  is  produced  by  the  transition  of  aqueous  vapour  direct  into  the  solid 
state  without  any  noticeable  intervention  of  the  liquid  state.  Under  these  circum- 
stance^  H,0  solidiQes  in  a  highly  crystalline  form.  When  solidifying  from  the 
liqmd  state  it  is  only  crystalloid.  ^,^,^,^^  ^^  L.OOgle 
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The  conditions  favourable  for  the  formation  of  hoar  frost  occur  so  abundand^ 
in  nature  that  it  is  surprising  that  the  forms  of  natural  hoar  frost  hare  been  unti] 
recently  imknown.  In  1802  one  of  us  found  the  walls  of  an  ice  cave .  in  Iceland 
coated  with  some  remarkably  fine  hoar  frost  crystal,  of  a  shape  hitherto  uoknown, 
but  since  then  found  by  us  to  be  the  typical  and  principd  form  of  hoar  fipott 
cr3rstal8,  viz.,  hollow  hexagonal  pyramids. 

It  was  found  that  the  most  favourable  conditions  for  the  formation  of  lai^ 
crystala  are  not  only  moist  air  at  a  low  temperature,  but  also  a  ^utte  undv- 
tnrbed  state  of  the  air.  For  this  reason  the  finest  crystals  are  formed  in  cavea  or, 
generally  speaking,  in  closed  spaces. 

With  regard  to  the  forms  of  hoar  frost,  the  most  typical  form,  as  already  men- 
tioned, is  a  hollow  hexagonal  pyramid.  It  is  built  up  upon  a  small  flat  hexagonal 
prism,  which  springs  from  a  solid  wall ;  round  its  edges  a  hexagonal  step  it  formed ; 
round  the  outer  edge  of  this,  again,  another  larger  hexasoniu  step,  and  so  f<»lh, 
exactly  analogous  to  the  hollow  salt  hopper  crystals  of  the  cubic  system.  Like 
the  latter,  these  hollow  hexagonal  pyramids  are  the  product  of  the  struggle  for 
attraction  of  material  from  the  surrounding  atmosphere ;  the  outer  edjFse^^aving 
a  wider  area  to  attract  material  from,  grow  more  than  the  central  portions,  which 
remain  uncompleted.  We  have  thus  '  skeleton  crystals '  formed ;  the  centre  re- 
mains undeveloped,  due  to  the  want  of  material — to  '  starvation.*  The  greater 
possibilities  of  attraction  are  well  exemplified  by  the  additional  crystal  formations 
at  the  outer  angles  of  the  hexagons,  quite  similar  to  the  '  hopper '  crystals  of 
NaOl. 

The  crystalline  forms  are  exclusively  those  of  the  hexagonal  flat-topped  prian ; 
never  has  a  terminal  pyramid  nor  a  hemihedral  shape  been  observed. 

A  p^reat  variety  of  forms  of  skeleton  crvstals  can  be  observed  under  fovooraUe 
conditions ;  amongst  others,  helix-shaped  hollow  pyramids,  analogous  to  the  cuhie 
helices  of  bismuth ;  also  long  solid  or  helix-shaped  hexsgonal  prisms.  The  hollow 
pyramids  are  built  of  steps  of  prismatic  rings,  invariably  with  a  basal  pinaooid 
face. 

Often  a  crystal  shows  needle-like  spikes  arranged  in  decided  right  angles.  This 
gives  the  strongest  impression  of  cubic  or  other  rectangular  crystals.  On  careful 
examination,  however,  it  will  always  be  found  that  in  such  a  case  we  have  to  deal 
with  the  incompletely  developed  rectangular  faces  of  the  hexagonal  prism,  audi 
as  we  mi^ht  expect  in  a  skeleton  crystal. 

A  series  of  micro-photographs  and  sketches  will  illustrate  this. 

The  most  favourable  conations  for  the  formation  of  hoar  frost  crystals  and  the 
best  opportunities  for  studying  them  are  found  in  the  refrigerating  chambers  as 
used  extensively  in  Liverpool,  and  through  the  kindness  of  the  large  shipping  firm 
of  Messrs,  Nelson  an  excursion  and  demonstration  vfill  be  held  there. 


Department  op  Physios. 

1.  Dismasion  on  the  Treatment  of  Irreversible  Proc€89e8  in  Thermo- 
dynamics.^    Opened  by  J.  Swinburne,  MJnst,  C,E. 


The  following  Papers  were  read : — 

2.  Note  on  the  Bate  of  Combustion  and  Explosive  Pressure  of  Cordite. 
By  J.  E.  Petavel. 

The  research  of  which  a  preliminary  account  was  given  is  being  carried  out  in 
the  physical  laboratories  of  the  Owens  College. 

'  Mr.  Swinburne's  contribution  appeared  in  Jifngineering,  August  and  September 
1903. 
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The  subjects  under  inyestigation  are : — ^The  effect  of  the  diameter  of  the  cordite, 
of  the  charging  density,  and  of  the  shape  of  the  enclosure. 

The  curves  of  rise  and  fiill  of  pressure  are  for  each  explomon  automatically 
recorded,  the  high-pressure  recorder  described  at  a  previous  meeting  ^  being  used 
for  this  work. 

Attention  was  drawn  to  the  dangerous  vibrations  which  are  set  up  when  the 
charge  is  not  uniformly  distributed  throughout  the  enclosure. 


3,  Granular  and  Spicular  Structure  in  Solids.     By  G.  T.  Bbilbt. 

In  a  conuQunication  made  to  the  British  Association  in  1901  ^  I  drew  atten- 
tion  to  certain  facts  which  had  apparently  escaped  the  notice  of  other  observers  in 
micro-metallurgy.  It  was  shown  that  transparence  in  metals  is  not  only  found 
in  such  specially  atteniiated  forms  as  thin  leaves  or  films  deposited  on  glass,  but 
that  it  is  an  intrinsic  property  of  the  metal  even  in  its  more  massive  forms.  It 
was  further  shown  that  metal  surfaces  under  obliquely  reflected  light  exhibit  a 
remarkaUy  uniform  granular  or  spicular  structure  which  appears  to  be  quite  distinct 
from  the  crysti^line  structure  revealed  by  the  etching  methods  of  micro- 
metallurgy. 

During  the  past  two  years  mv  study  of  this  subject  has  been  continued  and  ex- 
tended, and  some  of  the  results  have  been  already  published.^ 

The  object  of  the  present  communication  ii»  to  place  on  record  such  confirma- 
tion and  modification  of  the  original  observations  and  statements  as  have  resulted 
from  the  fivther  study  of  the  subject 

The  original  statements  depended  on  microscopic  observations  made  by  obliquely 
reflected  light  with  objectives  of  moderate  numerind  aperture.  This  form  of  illu- 
mination can  only  be  conveniently  applied  with  objectives  whose  working  distance 
is  not  less  than  5  mm.,  and  whose  front  lens  is  not  very  large.  It  was  therefore 
desirable  that  the  observations  by  obliquely  reflected  light  should  be  supplemented 
by  others  in  which  different  methods  of  illumination  could  be  employed. 

A  study  was  made  of  films  of  metal  which  were  thin  enough  to  transmit  light 
freely.  By  transmitted  light,  if  such  films  are  not  too  thin,  they  show  a  distinct 
granular  texture,  as  if  t^e  substance  had  been  partlv  gathered  up  into  minute 
mounds.  By  alternately  illuminating  one  of  these  films  by  transmitted  and  by 
obliquely  reflected  light  it  is  seen  that  the  structure  which  is  granular  by  one 
light  is  spicdar  by  tiie  other ;  the  spicular  appearance,  therefore,  is  caused  by  a 
granular  texture.  The  slightness  of  this  texture  is  shown  by  the  fact  that  it  is 
visible  in  oblioue  light  in  metal  films  which  are  less  than  10  fifi  in  thickness. 

By  a  panulel  study  of  the  surface-layer  in  metals  in  their  more  massive  forms 
it  was  found  that  this  layer  is  in  many  respects  dbtinct  from  the  mass  which  it 
covers,  being  in  its  structure  and  properties  similar  to  the  thin  films  deposited  on 

ghi^s* 

The  character  of  the  material  on  which  the  film  is  supported  has  a  considerable 
influence  on  the  appearance  by  obliquely  reflected  light.  In  the  case  of  massive 
metal  the  opaque  nighly  reflecting  under-surface  adds  a  light  and  colour  to  the 
spicular  appearance  which  is  absent  in  that  of  the  thin  glass-supported  films.  But 
if  due  allowance  is  made  for  this  the  correspondence  between  the  appearance  of 
the  two,  the  smrface  layer  and  the  thin  film,  is  so  exact  as  to  leave  no  doubt  as  to 
the  identity  of  the  structure  which  causes  this  appearance. 

The  transparence  of  thin  films  of  metal  was  studied  by  Faraday,  and  some  of 
his  conclusions  have  been  confirmed  by  subsequent  observers.  His  very  remark- 
able observations  on  the  effect  of  heat  annealing  on  thin  films  appear  to  have 
dropped  out  of  sight.  The  subject  has  been  studied  by  me  with  the  help  of  lenses 
of  a  resolving  power  much  greater  than  any  which  could  be  obtained  in  Faraday't 

»  See  Rejport,  British  Association,  Glasgow,  1901,  p.  768,  and  Phil.  Mag,  vol.  iii. 
p.  461,  1902. 

»  Eeport,  1901,  p.  604.  •  Proc.  Roy.  8oc.  vol.  Ixxii.  No. ^481. 
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time.  The  lesulte  of  these  recent  oheervatioiis  confinn  and  extend  Fanday'tf  eon* 
cluoons,  and  it  is  helieved  that  they  also  supply  an  answer  to  certain  qnestioDs 
which  he  raised. 

The  condition  of  the  g^reatest  opacity  is  found  in  metal  films  which  are  in  a 
state  of  strain,  and  th^  condition  of  greatest  transparence  is  found  in  films  which 
htkre  heen  relie?ed  from  strain  by  umealin^.  Contrary,  therefore,  to  the  g&oienlij 
accepted  idea,  the  metal  in  gold  leaf  is  in  ito  most  opaque  omdition. 

Increase  of  transparence  in  metals  is  accompanied  by  diminution  of  reflecting 
power,  and  vice  versa.  This  efiect  can  be  seen  most  distmctly  in  translucent  films, 
out  it  b  also  quite  evident  in  the  surfiice  of  the  more  massiye  forms  of  metal. 
Films  of  gold  and  of  platinum  200  fi/i  in  thickness  have  been  obtained  which  are 
translucent  and  optically  continuous.  Films  less  than  10  fifi  in  thicknem  have  alao 
been  nutde  which  appear  to  be  equally  continuous  and  are  perfectly  transparent. 
The  thinner  films  are  practically  without  metallic  reflecting  power,  while  evon  in 
the  thicker  films  the  reaction  is  distinctly  inferior  to  that  of  gold  leaf. 

The  process  of  annealing  has  been  watched  on  the  surface  of  metal,  and  the 
phenomena  were  found  to  be  similar  in  kind  to  those  which  occur  in  films  sup- 
ported on  glass  or  mica.  In  surface  films  also  the  increase  of  transparence  was 
well  marked,  and  the  return  of  the  metal  to  the  more  lustrous  but  less  transparent 
condition  of  burnishing  was  evident. 

From  the  study  of  the  phenomena  observed  in  cutting,  polishing,  burnishing,  and 
annealing  I  have  been  led  to  the  conclusion  that  the  disturbance  caused  by  theee 
operations  temporarily  confers  a  degree  of  freedom  upon  the  molecules  of  the 
surface  layer  which  enables  them  to  act  like  a  viscous  fluid  subject  to  the  influence 
of  the  molecular  forces  as  they  manifest  themselves  in  sumce  tension.  The 
dimensions  and  the  forms  of  the  grooves,  ridges,  and  granules  on  the  surdMie  give 
a  general  indication  that  the  layer  affected  by  this  freedom  and  by  the  surface 
tension  is  many  molecules  in  depth. 

It  appears  probable  that  the  granular  structure  of  the  surface  is  largely  a 
result  01  surface  tension.  A  similar  structure  can  readily  be  developed  in  a  very 
thin  film  of  a  viscous  fluid.  If  a  little  oil  is  spread  on  a  slip  of  glass  and  then 
almost  completely  wiped  off,  so  that  it  is  barely  visible  to  the  unaided  eye,  a 
granular  film  is  proauced  which  gives  a  well-marked  spicular  appearance  by 
obliquely  reflectea  light.  A  film  of  varnish  on  a  non-reflecting  support  shows 
the  same  structure.  A  thin  film  of  fuchsin  on  glass  shows  a  structure  and  a  play 
of  colour  which  might  almost  be  mistaken  for  that  of  a  feebly  reflecting  gold 
film.  Films  of  oxide  or  sulphide  on  metal  surfaces  show  the  spicular  appearance 
very  brilliantly. 

This  surface  ^granulation  appears  to  be  almost  universal,  and  I  have  never 
failed  to  produce  it  in  any  solid  with  which  I  have  experimented. 

Granular  or  spicular  btructure  seems  to  be  closely  associated  with  the  deposi- 
tion of  solids  from  solution.  It  is  seen  in  thin  films  of  metal  deposited  either 
chemicidly  or  electrolytically.  In  precipitates  formed  in  very  dilute  solutions 
there  are  three  stages  in  the  appearance  of  the  solid :  (1)  spicules  or  spicular  films 
of  extreme  thinness,  (2)  granules,  and  (8)  crystals.  Spicules  may  be  formed 
singly  ;  but  they  often  result  from  the  breaking  up  of  tne  thin  films  which  aie 
formed  at  the  surface  of  contact  of  the  two  reagents.  Their  pedetic  movements 
lead  to  their  agglomeration  into  granules  which  sink  to  the  bottom  of  the  cpn^ 
taining  vessel,  where  they  become  centres  of  attraction  to  the  moving  spicules  and 
grow  By  their  absorption.  Till  the  granule  has  reached  a  certain  siae  and  mass  it 
shows  no  indication  of  crystalline  form  or  structure,  and  its  form  remains,  under 
the  control  of  surface  tension,  rounded  and  granular.  When  a  certain  sixe  is 
reached  the  crystallic  force  begins  to  assert  itself  and  to  overpower  surface  tension, 
and  the  rounded  form  begins  to  develop  faces  and  angles  till  finally  a  well- 
developed  crystal  is  produced. 
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MONDAY,  SEPTEMBER  14. 

Department  of  Mathematics. 
The  following  Papers  were  read : — 

I,  On  the  D^ererUial  Invariants  of  Surfaces  and  qfSpacs, 
By  Professor  A.  R.  Forsyth,  F,B.S. 


2.  On  Spherical  Curves,    By  Harold  Hilton,  If.A, 

If  the  Btereographic  projection  of  a  curve  on  a  sphere  from  any  point  is  a 
rational  algebraic  curre,  so  is  its  projection  from  any  otlier  point.  One  projection 
is  derived  from  another  by  an  inversion  followed  by  a  reflexion  in  a  straight  line. 
In  general  the  projection  of  such  a  spherical  curve  is  a  plane  curve  intersecting 
the  line  at  infinity  only  in  a  multiple  point  at  eadi  circule.  If  the  plane  curve  is 
of  the  n-th  degree,  the  spherical  curve  is  said  to  be  of  the  n-th  degree.  If  it  has 
d  nodes  and  «  cusps,  touches  r  great  circles  in  two  distinct  points,  and  has  i  great 

circles  of  curvature,  then  m=    n'-2d-3«,  n=  m(m  -  l)-2r-3<,  i=^  ^n(n  -  2) 

-6«-8<c,  ic-3m(m-2)-6r-8t.    The  deficiency  is  ?(n- 2)*- d-ic.    Thefociof 

4 

a  spherical  curve  (t.^.  the  intersections  of  generating  lines  which  touch  the  curve) 
are  (m—n)'^  in  number,  m—n  being  real,  and  project  into  the  foci  of  the  pro- 
jection of  the  curve.    Every  focus  of  a  spherical  curve  is  a  focus  of  its  evolute. 

Very  many  properties  of  spherical  curves  may  be  deduced  from  known 
properties  of  plane  curves,  and  vice  versa ;  the  simplest  cases  are  the  circle  and 
the  spherical  quartic  with  zero  deficiency.  For  instance : — *  If  three  small  circles 
are  drawn  passing  through  the  cusp  of  a  spherical  quartic  and  touching  the  curre,  a 
circle  can  be  drawn  through  the  focus  ana  their  other  three  points  of  intersection.' 

Some  striking  theorems  can  be  proved  for  the  real  intersections  of  a  real  cone 
and  a  sphere.  If  the  vertex  of  the  cone  lies  outside  the  sphere,  we  can  by  two 
projections  reduce  the  curve  to  the  intersection  of  a  sphere  and  a  cylinder ;  if  the 
vertex  lies  inside  the  cone,  we  can  reduce  the  curve  to  the  intersection  of  a  sphere 
and  a  cone  whose  vertex  is  at  the  centre  of  the  sphere.  In  either  case  we  can 
deduce  properties  of  a  spherical  curve  of  the  2p-th  degree  which  lies  on  a  cone  by 
means  of  known  properties  of  plane  curves  of  thejE»-th  degree.  If  the  vertex  of 
the  cone  is  at  the  centre  of  the  sphere,  properties  of  the  curve  may  be  derived 
from  the  fact  that  the  equation  of  the  cone  may  be  put  into  the  shape 

0  =  ai  a,  .  .  .ap  +  <ii(.i-«+yH««)/3ii3,  .  .  . /3p-i  +  a,  (a*" +y'  +  s»)=Vi  Vi-  •  •  yp-i+  - -, 

where  the  a^B  are  constants  and  the  as,  iS's,  y's  are  real  linear  functions  of  .r,  y,  z. 
The  foci  of  the  intersection  of  the  sphere  and  the  reciprocal  cone  are  the  2p  poles 
of  the  great  circles  in  which  the  planes  ai »  O} »  .  • .  s  Op  »  0  intersect  the  sphere. 

Projecting  on  to  the  plane  we  have  properties  of  a  curve  which  is  its  own 
inverse  with  respect  to  a  circle  whose  centre  is  real,  and  whose  radius  is  real  or 
purely  imaginary.  In  particular  many  interesting  properties  of  bicircular  quartics 
whose  four  real  foci  are  concyclic  may  be  obtainea.  For  example :  '  If  P  is  any 
point  on  a  bicircular  quartic  whose  four  real  foci  S,  S^,  H,  H^  lie  on  a  circle,  and 
are  such  that  the  lines  S  S',  H  H'  meet  inside  the  circle,  the  circles  S  P  S',  H  P  H' 
make  equal  aiu^lee  with  the  tanfi;ent  at  P.' 

To  many  of  the  properties  ofspherical  curves  correspond  properties  of  curves  on 
a  coniooid.  To  obtain  these  we  project  stereographically  from  the  sphere  on  to  a 
plane,  project  orthogonally  on  to  another  plane,  and  then  project  stereographically 
on  to  a  suitable  conicoid.  For  example :  *  J£  two  curves  of  the  fourth  degree  on  an 
ellipsoid  both  touch  the  generating  lines  through  four  given  real  coplanar  points, 
the  tangents  at  a  point  of  intersection  of  the  cur\'es  are  parallel  to  conjugate 
diameters  of  the  incUcatrix  at  that  point.' 
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3.  The  Use  of  Tangential  CoardinaUs}     ^y  R  W.  H.  T.  Huneox. 

There  aie  two  leMons  why  it  is  sdroable  that  a  greater  use  should  be  made 
of  tangential  co-ordinates  in  dementarj  analytical  geometoy.  From  an  educa- 
tional point  of  Tiew  they  are  useful  in  drawin|[  out  the  stodent^s  power  of  deduc- 
tion, and  exciting  his  interest  in  a  way  in  wluch  the  long  and  diffieolt  prohkms, 
with  which  our  text-books  are  crowded,  iaQ  to  do ;  and,  secondly,  there  are  many 
theories  which  find  theb  most  natural  expression  in  these  oooidinates,  chiefly 
because  the  absolute  has  a  less  specialised  form  in  tangential  thsa  in  point  co- 
ordinates. For  example,  it  is  an  easy  exercise  to  express  the  equation  or  a  ctzde 
in  the  form 

and  then,  from  this,  the  whole  projective  theory  follows  clearly.    Again,  to  take 
examples  from  more  advanced  parts  of  the  subject,  theybci  of  the  curve 

t^(ly  m,  9|)  s  0 

are  given  by  the  roots  of  the  equation 

^(1,,-, -5)=.0, 

where  s » .r  -i-  iy.    The  centre  of  a  curve  of  class  v  is  best  defined  as  the  polar 
point  of  the  liiM  at  infinity,  and  has  for  equation 

From  this  the  property  of  being  the  oentroid  of  the  points  of  contact  of  parallel 
tangents  follows  without  further  analysis. 

Great  clearness  is  introduced  into  the  theory  of  averages  in  connection  with 
areas  and  volumes  by  the  exclusive  use  of  tangential  coordinates.  The  equation 
of  the  nuU-conic  of  an  area  is 


jyilx-^^my-^nyaxdy^O, 


which  may,  by  proper  choice  of  axes  and  use  of  the  notation  of  averages,  bs 
written  in  the  form 

Then  the  ellipu  qf  gyration  is  the  con  focal 

and  the  eUipte  of  inertia  is  the  conic  conjugate  to  the  null-conic 

Fmally,  the  surface  of  floatation  is  a  good  instance.    In  this  case,  as  in  other 
cases  of  approximation,  it  is  well  to  take  the  standard  equation  of  a  plane  to  be 

z-^n^lx-^my 

so  that  s  and  n  are  small  quantities  of  the  second  order ;  and  then  the  plans  equa- 
tion of  the  surface  takes  the  elegant  form — 


2n  +  ^^to  +  my)'  dx  dy^O, 


dV 

the  integral  extending  over  the  section  of  floatation  and  V  being  the  Tolome 
immersed. 

»  Math.  Gazette,  No.  42,  Dec.  1903. 
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4.  7%5  DetermincUion  of  Successive  High  Primes* 
By  Lieut -Colonel  A.  Cunnikgham,  R,E.^  cmd  H.  J.  Woodall. 


5.  Algebraic  Curves  on  Kummer*8  IS-nodal  Quariic  Surface, 
By  R.  W.  H.  T.  Hudson, 

The  chief  difliculty  in  studying  algebraic  carveB  traced  on  a  surface  is  due  to 
the  fact  that  such  a  cur^e  is  in  generfu  not  the  complete,  but  only  a  partial,  inter- 
section with  another  surface,  andjis,  therefore,  not  representable  by  only  one 
algebraic  point  equation  in  addition  to  that  of  the  first  surflM^e.  When  the 
surface  can  be  represented  parametrically  by  means  of  known  ftinctions,  a  single 
e<iuation  in  the  two  parameters  is  sufficient  to  determine  the  curve,  and  its  proper- 
ties follow  from  the  Known  properties  of  the  functions.  M.  Georges  Humbert  has 
proved  that  every  algebraic  curve  on  Eummer's  surface  can  be  represented  by 
equating  to  zero  a  certain  kind  of  theta  function.^  When  certain  fundamental 
theorems  concerning  theta  functions  have  been  proved,  many  important  geo- 
metrical theorems  follow  immediately.  There  are  two  objections  to  this  pro- 
cedure. The  ffeometrician  who  has  but  a  slight  acquaintance  with  transcendental 
analysis  finds  Uie  excursion  into  the  realms  of  hyper-elliptic  functions  troublesome, 
and,  on  the  other  hand,  the  arithmetician  has  doubts  as  to  whether  the  said 
fundamental  theorems  have  ever  been  rigorously  proved.  The  purpose  of  the 
present  paper  is  to  remove  both  these  objections. 

The  matrices 
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ai^  obytonsly  orthogonal ;  they  are  as  familiar  as  quaternions.  The  rows  of  the 
iirst  are  transformable  into  each  other  by  the  operators  of  a  group,  and,  aimilariy, 
the  columns  of  the  second  are  related  to  another  group  of  four  operators,  iso* 
morphic  with  the  former.  The  product  of  these  matrices  is  an  orthogonal  matrix 
of  sixteen  linear  forms,  containin|^  in  itself  the  whole  theory  of  Knmmer's  con- 
figuration of  sixteen  points  and  sixteen  planes  ;  it  is  associated  with  a  group  of 
sixteen  members,  the  product  of  the  two  preceding  groups,  which  explains  the 
existence  of  the  configuration. 

The  theorem  which,  it  is  suggested,  may  replace  Humbert's  is  as  follows : 
Every  algebraie  curve  on  Kumme?s  surface  is  representable  by  an  equation — homo- 
geneous and  possessing  a  certain  kind  of  tsobariiy  in  the  square-roots  of  these  six- 
teen Unear  forms.  If  such  an  equation  is  squared,  the  result  can  be  rationalised 
by  the  aid  of  the  equation  of  the  surface  ;  whence  follows  the  well-known  theorem 
that  along  every  algebraic  curve  an  algebraic  surface  can  be  inscribed ;  other 
theorems  follow  in  a  like  elementary  and  algebraic  manner. 


SuB-SKOTioN  Astronomy  and  Meteorologt. 
The  following  Papers  and  Report  were  read : — 

1.  Emploie  de  VHygromktre  d,  Cheveu  au  lieu  du  PsychromHre, 

By  HOFRATH  J.  M.  FeRNTER. 


'  Lionville's  Jour»  ser.  4,  vol.  il  (1898). 
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2.  Woe  the*  New*  Star  in  Gemini  Shining  Prevumdy  08  a  tetyFaini  Star  ^ 
By  Professor  H.  H.  Turnbb,  p.Sc.,  F,R.S. 

1.  Of  about  eighteen  stars  recorded  as  '  new '  in  the  annals  of  astrommij,  onlj 
one  (T  Coratut)  is  known  to  have  existed  preyionsly  as  a  faint  star  which  suddenly 
biased  out  into  prominence.  Bat  our  records  are  so  incompleti^  especially  for  stars 
at  all  faint,  that  any  or  all  of  the  eighteen  may  have  been  shining  as  nint  stars 
previoos  to  their  bUzing  up.  Since  me  introduction  of  photo^^rajphy  our  reocvds 
have  been  more  complete,  and  of  several  new  stars  disoovered  withm  the  last  dozen 
Tears  it  is  known  that  the;^  cannot  have  been  so  bri^t  as  the  eleventh  magnitude 
before  the  outburst :  but  still  the^  may  have  been  fainter.  No  photographs  happen 
to  have  been  taken,  of  the  region  where  they  appeared,  with  suflkiently  long 
exposure  to  show  very  faint  stars, 

8.  A  'new'  star  in  the  constellation  Qemini  was  discovered  at  Oxford  on 
March  24  last,  and  from  the  splendid  photographic  records  kept  at  the  Uarvazd 
College  Observatory  it  was  found  that  the  star  had  been  shining  brightly  since 
March  6,  at  least.  By  great  good  fortune  two  photographs  of  the  region  wWe  it 
appeared,  showing  stars  so  utint  as  the  fifteenth  or  sixteenth  magnitudes,  had 
been  secured  just  previously,  one  bv  Dr.  Max  Wolf  of  Heidelberg,  on  rebruary  16, 
and  another  by  Mr.  Parkhurst,  of  the  Yerkes  Observatory,  on  February  19.  Both 
these  show  a  mint  object  very  close  to,  if  not  actually  at,  the  place  of  the  Nova. 

3.  Copies  of  these  photographs  have  kindly  been  sent  to  Oxford  and  carefully 
measured  at  the  University  Observatory.  The  place  found  for  the  fiunt  object 
differs  from  that  found  for  the  Nova  by  the  following  quantities : — 

RA.  Dee. 

Max  Wolf,  Feb.  16    .        .  .     -4-8  -27 

Parkhurst,  Feb.  19    .        .        .        .    -6-3  +1-5 

These  results  leave  the  question  of  identity  somewhat  doubtful.  Although 
the  pbites  agree  in  indicating  a  rather  large  discrepancy  in  R.A.,  the  ima^  on 
both  plates  are  of  such  a  character  that  the  differences  may  be  aoeiaental ;  witness 
the  discrepancy  in  declination.  Dr.  Max  Wolfs  plate  is  on  a  small  scale,  and  was 
magnified  five  times  before  measurement;  on  Mr.  Parkhurst's  plate  the  stars  are 
near  the  edge  of  the  plate.  The  detiols  will  be  published  in  the  '  Monthly  Notices ' 
of  the  Royal  Astronomical  Society. 

4.  The  emphatic  suggestion  of  the  result  is  that  we  must  obtain  much  more 
complete  records,  on  a  lurger  scale  and  showing  fainter  stars,  before  we  can  hope 
to  establish  these  important  (}uestions  of  identity.  Lazge  scale  is  even  more 
important  than  in  spectroscopic  work,  for  in  the  latter  we  get  help  from  the 
grouping  of  lines,  while  with  a  star  all  depends  on  a  single  coincidence. 

3.  Sur  la  Circulation  g^n^rale  de  VAtmo9phhre. 
Par  H.  H.  Hildbbbandbson. 

Pour  ^tudier  le  m^canisme  de  Fatmoephdre,  soitdans  son  ensemble  soitdansles 
regions  cycloniques  et  anticycloniques,  il  laut  d'abord,et  ind^pendamment  de  toute 
thdorie  pr^con^ue,  cbercher  ^  determiner  avec  precision  ce  qui  se  passe  actueUe* 
ment  dans  Tatmospb^re,  c'est-lirdire  constater  par  des  observations  directes  quels 
sont  les  mouvements  de  Fair  non  seulement  h  la  surface  terrestre,  mais  aussi  dans 
les  r^ions  les  plus  bautes  de  Tatmosphdre.  D6j4  en  1872  Clement  Ley  a  com- 
mence k  observer  pour  ce  but  le  mouvement  des  nuages  sup^rieurs.    II  avait  fait 

"I00ob8€       •  "  • 
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Grace  au  concoura  de  mes  collogues  dans  presqae  tous  les  pays  ciirilis^  du 
mondei  et  au  travail  0Tgaaua6  par  le  comity  m^t^orologique  international,  des 
masses  d^obserration  de  oe  genre  sont  enregistr^es  pendiuit  les  trente  anndes 
suiyantes,  et  j'ai  essay^  k  pr^nt  h  calculer  les  mouoemetUs  moyens  de  Voir  i\  diif(^ 
rentes  hauteurs  au-dessus  des  diffi^rentes  parties  du  dobe  terrestre.  Toutes  les 
representations  des  mouyements  g^o^rauz  de  Tatmospn^re  public  iusqulci  sont 
des  r^sultats  de  considerations  theoriques.  On  a  connu  assez  bien  les  yents 
regnant  4  la  surface  terrestre,  gr^  auz  travaux  d*un  Maury,  d'un  Brault  et 
d'autces,  mais  sauf  quelques  obseryations  sur  les  contre-alizes,  faites  ^  ^uelques 

Kints  Isolds,  on  a  ignore  presque  compldtement  les  courants  supeneurs  de 
tmospbdre.    Sur  ces  courants  on  a  d&  faire  des  li3rpothdses  plus  ou  moins 
beureuses,  en  se  fondant  sur  deux  principes  fondamentaux : 

1^.  La  temperature  de  Tair  ra  en  decroissant  de  Tequatear  finx  p61e8 ;  or  11 
doit  constamment  exister  un  vent  superieur  ou  courant  equatorial,  soufflant  de 
requateur  aux  pdles,  et  un  vent  inferieur  ou  courant  polaire,  soufflant  des  pdles  k 
requateur. 

2^.  Quelle  que  soit  la  direction  suivie  par  un  courant  atmospherique,  la 
rotation  terrestre  deyie  ce  courant  k  droite  dans  rhemispbdre  boreal,  h  gauche 
dans  l*hemisphdre  austral. 

Le  premier  principe  fut  enonce  par  Halley  en  1686  et  Tautre  par  Hadley  en 

La  theorie  sur  la  circulation  eenerale  de  ratmosphdre  adoptee  jusqu'ici  fut  ex- 
poseeparfeu  James  Thomson  ii  la  seance  de  TAssociation  Britannique  en  1857. 
U  admet  aur-dessus  de  chaque  hemisphere  deux  courants  principaux  superposes. 
L'air  qui  monte  en  haut  au-dessus  des  environs  de  requateur  marohe  comme 
courant  superieur  jusqu'aux  environs  du  cercle  polaire  et  retoume  comme  courant 
polaire  inferieur  vers  Feauateur.  Cependuit  les  observations  ayant  montre  au*il 
rdgne  en  general  k  la  suruce  terrestre  dans  les  zones  temperees  des  vents  du  S.  W., 
il  admet  que  ces  courants  n*appartiennent  qu'i^  une  couche  mince  formant  une  espdce 
de  courant  de  reaction  entre  le  courant  boreal  et  la  surfieu^  terrestre.  Tous  les 
tiois  courants  ainsi  superposes  auraient  une  deviation  vers  Test  et  serait  S.W., 
N.W.  et  S.W.  Evidemment  on  pourrait  croire  que  le  courant  polaire  serait  un 
vent  du  N.E.,  selon  la  theorie  de  Hadley ;  mais  Thomson  admet  qu'il  est  deyie  vers 
Test,  'tn  virtue  of  a  revolutumal  momentum  brought  from  equatorial  regions,  and 
not  vet  exhausted.* 

Ferrel  a,  comme  on  salt,  construit  theoriquement  trois  circulations  generales 
de  TaUnoephdre,  dent  la  dernidre  de  1889  ne  difidre  de  celle  de  James  Thomson 
que  par  quelques  details  peu  importants. 

Cette  theorie  a  ete  en  genenl  adoptee  jusqu*4  present  Mais  on  pent  bien  se 
demander,  comment  est-il  possible  que  trois  courants  reguliers  puissent  se  former 
de  cette  mani^re  dans  une  couche  dont  Fepaisaeur  en  comparaison  avec  Tetendue 
horizontale  est  si  petite  quW  pent  bien  le  comparer  avec  une  feuille  de  papier  P 
Pour  trouver  diroctement  sans  aucune  theorie  con9ue  d'avance  quels  sont  les 
moavements  ? rais  des  courants  atmospheriques  nous  avons  calcule  toutes  les 
observatioiis  des  mouvements  des  nuages  recueillies  depuis  trente  annees.  Void 
learesultats. 

Zone  TroficaU, — Les  observations  de  la  zone  tropicale  font  toutes  voir  que  les 
courants  atmospheriques  y  sont  li  touts  hauteur  et  presque  sans  exception  diriges 
de  Test  k  Fouest. 

Zioine  dee  Alizis. — On  a  admis  que  le  contre-alise  est  dirige  partout  du  S.W. 
au  nord,  et  du  N.W.  au  sud  de  requateur,  et  on  a  pretendu,  comme  nous  venons 
de  le  voir,  qu'il  est  prolonge  dans  les  regions  superieurs  jusqu'ii  vers  le  cercle 
polaire.  Des  excellentes  observations  faites  k  Maurice,  trte  bien  situe  au  milieu  de 
la  zone  de  Talize  du  S.E.  dans  la  Mer  Lidienne,  on  voit  en  effet  par  plus  de  3,000 
obMrvations  des  cirrus  pendant  plus  de  vingt  annees  que  le  contre-alize  y  est 
constamment  du  N.W.  II  est  done  probable  que  ce  vent  superieur  souffle  du 
S.W.  au-dessus  du  milieu  de  la  zone  des  alizes  de  Themisphdre  boreal.  Mais 
lldee  que  ce  courant  continuerait  comme  courant  superieur  du  S.W.  jusqu'au 
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cerde  poUiie  est  enon^.  En  effet,  le  contxe-aliz^  est,  comme  tons  ks  Tootede 
lli^Diisphdre  bozM,  d^vi^  k  dxoite,  et  tatx  UmUeB  poiaire$  4e9  aHak  il  mt  decan 
dijd,  un  vent  (JCauest  La  maiche  des  drros  en  himt  egt  d»  W.  15^  S.  an-dmoa  da 
T^n^riffe,  et  preeque  toujoun  de  Foueet  k  San  Fernando,  sitn^  k  peo  pide  k  la  oils 
da  fn^Timnm  barom^tnque  da  tro]^ue  de  Gancer.  La  directioa  oes  eiii«a  «l 
aasd  k  pea  prds  de  Foueet  k  Liebonne,  et  lee  obeerrationa  tonies  rteentee  ds 
Azores  aemolent  donner  le  meme  i^ealtat. 

Lee  aliz^s  et  lee  haates  pressione  aux  tropiqaee.  par  kaqoelles  ile  aont  evmii, 
onty  conune  on  salt,  one  oedllation  annuelle,  ee  d^la^ant  toiiioDrs  aree  le  soldi 
du  nord  an  sud  et  vice  versa,  Ainsi  ane  lam  banae  an  nord  de  ¥4qnat&ar  tfaer- 
mique  eet  coaverte  en  hiver  par  I'aliz^  de  N.E.  et  en  ^I6par  la  sone  deec^BBBS  au 
yente  de  Feet  tropicaux.  En  hant  fl  rdgne  ici  tantdt  le  oontre-alii^  de  S.  Wi,  taaloC 
le  courant  tiopu^  de  Fett.  Cest  la  rigicn  de$  mou$$oiu  ttipineures.  .  Oeis  eit 
d^mcmtr^  par  lee  obeervations  da  squan  39  sar'FOo^an  Atlantique,  da  Ji«ziqae, 
de  la  Havane  (Cuba),  de  ManiUe  (Philippines),  etc. 

Zones  TenytSrSes, — Le  t6y,  P.  Marc  DecheTeiens  a  d^montr^  le  piamier  «■ 
1885  que  la  dixection  moyenne  dee  naagee  sapAneaie  eet  oonatamment  de  VamaHL 
dane  les  parages  de  Shanghai,  en  Chine,  et  la  mSme  ann^  aooa  aTooa  tzour^la 
mgme  chose  pour  FEurope. 

Bepuis  ce  temps  nous  disposons  d'une  quantity  tr^  mnde  d'obeervatioiifl  des 
^^(Srentes  parties  de  la  zone  tempdrte  de  lli^misphere  borteL  Fartooty  ea 
Am^rique,  en  Europe,  en  Sib^rie,  en  Chine  et  en  Japon,  U  rigne  parUmt  en  mofemmt 
un  courant  sttpSrieur  de  Vouest  h  Vest  pendant  tons  les  nuns  de  JmmSe.  Fbv 
plusieurs  stations  nous  ayons  dee  obeervations  et  dee  Teats  et  dee  diraotioiie  des 
di^rentes  esp^ces  de  nuages  flottant  ji  dee  hanteun  diff^rentes.  Akns  ob  Toit 
avec  surprise  que  les  grands  conrante  dee  mouasons  aaktia|iiee  soot  deaoonfioite  tvie 
minces  qui  n'ezistait  plus  ji  nne  hanteor  de  4,00(MSyOOO  m.  An-deBBua  dVax 
le  grand  tourbUlon  polaire  de  Fouest  k  Feet  existe  toujours. 

£^  €tudiant  de  plus  prds  ce  qui  se  paase  dans  le  eein  de  oe  vasle  toazbilloa  qm 
embraase  toute  la  zone  temp^rfe  nous  avona  trourd  que  Fair  j  eemeat  da  la  naltaae 
mani^  que  dans  un  tottrbUloki  on  nn  cyclone  or^Bnaire;  Fair  dea  aoodhsa 
inf^rieures  s'approche  du  centre  et  eekii  des  ooocheaaapdriearee  a^en  ^kigae  deplw 
en  plus  avec  la  hauteur  an-dessua  de  la  sorfiice  tematre.  Pour  les  rteions  plas 
hautes  que  la  conche  o^  flottent  les  cirrus  nous  n'aTora  plus  de  nnaffe.  VepmaanA 
nous  a^ons  des  obeervations  des  ballons  sondes  qm  ont  d^passd  de  beaneoiip  k 
r^on  des  cirrus  et  atteint  souvent  des  hauteurs  de  15  &  18  kilomtees,  i 


niqu^es  k  nous  par  M.  Teiaserenc  de  Bort.  ^  II  r^idte  qu'en  hant,  inaqn'a 
hauteurs  les  plus  grandes  quVm  ait  pa  atteindre  juaqold,  Fair  est  aoa6  dhm 
mouvemenc  de  Fonest  k  Fest  avec  une  compoa^&te  de  nord  croisaant  aree  la 
hauteur.  'tr^,,:. 

Par  cons^uent  lee  courants  sup^rieurs  du  sud  indiqu^  dana  les  Bysltoea 
de  J.  Thomson  et  de  Ferrel  n^ existent  pas  au-deesous  de  15  4  18  kilometres,  et  la 
mtuse  de  Fair  qui  se  trouve  plus  haut  est  yraiment  tr^s  petite.  H  famt  dome 
abandonner  une  feis  pour  toutes  cette  idSe  d^une  circulation  vertioale  entre  les 
tropigueset  les  piles — circulation  qui,  oomme  nous  Favons  dit  plus  bant,  aeatUe 
impossible  pratiquement  dans  une  coudie  dont  F^paiaseor  est  Irte  petite  ea 
comparaison  avec  les  distances  horizontales.  Esp^rons  que  dds  k  pr^at  ess 
'courants  polaires'  et  < ^uatoriaux,'  qui  ont  fait  tant  de  confualou  daaa  la 
m^t^rologie  dynamique,  disparaitront  enfin  compUtement  de  la  SBtence  mtftteio- 
loglque,  au  moius  dans  le  sens  dans  lequel  on  les  a  adopts  jusqu'icL 

Mais  si  dans  le  tourbillon  polaire  I  ait  dans  les  coudies  sup^riearee  a^floigne  da 
centre  nous  devons  attendre  que  les  courants  suj^^rieuit,  sortant  de  ce  touraiUea* 
envahissent  la  pente  bor^e  de  la  haute  preesion  du  tropiquey  qid  seralt  «aa 
aliment^e  des  deux  cdt^ :  par  le  eontre-alizd  du  c6t^  sud  et  par  ten  courmst  de 
N.W,duc6t4nord,  ,    . 

C'est  pr^is^ment  ce  oui  a  lieu.  A  la  latitude  de  40^  environ,  ik  WasUngtaa, 
k  Madrid,  k  Perpignan,  ik  Fdla,  k  Tiflis  et  an-dessua  du  Golfe  de  Perse^  partoM  la 
direction  moyenne  des  cinrus  est  du  N.W« 
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JUtumi. 
Nous  avont  pvooT^  jior  de9  obtervatioiu  direcUi  let  iMultats  BuiTtnts : 

1^.  Aa-dei6U8  de  r^ustear  thennique  et  les  <  calmes  ^uatoriauz '  il  existe 
pendant  toute  l*ann^  un  couiant  de  tat, 

2^.  Au-de88Ufi  des  alix^  il  rdgne  un  oontrS-aliz^  dn  S.W.  0ur  lli^miflphdre 
lKn(«tel  et  du  N.W.  sur  llitoisphdre  auBtral. 

S^.  Oe  oontre-alizS  ne  d^naase  pas  la  limite  polaire  de  Taliz^:  il  est  d^yi^ 
de  pins  en  plus  &  droite  sur  rh^misph^re  nord  et  k  gauche  sur  rh^misph^re  sud 
pour  deyenir  un  courant  de  I'onest  au-dessusde  la  cr^  du  maximum  barom^trique 
deB  tropiquee,  on  il  descend  pour  alimenter  Talicig. 

'4^Xes  r^ons  situ^  au  bord  ^uatorial  de  Taliz^  entrent  avec  les  saisons 
tanf6t  dans  Taliz^,  tantot  dans  les  calmes  6quatoriaux.  Au-dessus  d'elles  il  y  a 
par  oons^uent  une  mousson  aup^rieure:  le  contre-aliz6  en  biver  et  le  courant 
^iiatdrial  de  Test  en  ^t^. 

5^.  Bes  bautes  piessions  des  tropiques  la  pression  de  Tair  diminue  en  mo;^enne 
continuellement  Ters  les  poles,  au  moins  au  del&  des  cerdespolaires.  Aussi  I'air 
des  zones  temp^r^s  eet-il  entrain^  dans  un  vaste  tourbiUon  polaire,  toumant 
de  Poueit  a  test.  Ce  mouvement  toumant  semble  etre  de  la  meme  nature  que 
celle  d*un  cyclone  ordinaire :  Vait  des  couches  inf<$rieures  s'approche  du  centre  et 
celui  des  conches  supdrieurs  s'on  Soigne  de  plus  en  plus  avec  la  hauteur  au-dessus 
de  la  surface  terrestre  jusqu*aux  r^ons  les  plus  hautes  dont  nous  arons  des 
xenseignements. 

6^.  Les  nappes  d'air  sup^rieures  des  zones  temp^rte  s*^tendent  au-dessus  des 
hautes  pressions  des  tropiques  pour  y  descendre. 

7^.  Les  irregularity  qn'on  troure  k  la  sux&ce  terrestre,  surtout  dans  les 
n^ffions  des  moussons  en  Asie,  disparaissent  en  g^n^ral  d^jk  k  la  hauteur  des  nuages 
iiiMtieurds  ou  interm^iaires. 

8^.  b  laut  abandonner  complltement  cette  idte  d'une  circulation  verticale 
entre  les  tropiqaes  et  les  p61es  de  la  manidre  admise  jusqu'^  present  selon 
J.  Thomson  et  Ferrel. 

4.  Bepofi  an  the  InpeitignUton  of  the  Upper  Atmosphere  by  Meana 
of  Kites, — See  Reports,  p.  31, 


5.  Results  of  the  Exploraiion  of  the  Air  with  Kites  <U  Bltie  HiU  Observatory ^ 
Mass.^  U.S.A.,  during  1900-2,  and  the  Use  of  this  Method  on  the 
Tropical  Oceans.  By  A.  Lawrence  Botch,  B.S.,  MJL.,  Director  of 
the  Observatory. 

The  progress  of  the  work  at  Blue  Hill,  once  its  inception  there  in  1894  until 
1901,  hn  been  presented  annually  to  this  Section  of  the  British  Association.  The 
obeerrations  in  forty-five  flights  during  1900-2  have  been  plotted  on  the  sheets 
diown,  a  study  of  ¥%ich  iorms  the  chief  portion  of  this  paper.  Marired  inrersions 
of  temperature,  accompanied  by  corresponding  changes  in  humidity  and  wind- 
Telocity,  are  fbund  to  occur  at  all  heights,  inst^  of  only  at  the  greater  heights 
observed  by  aeronauts.  An  investigation  of  the  decrease  of  temperature  obtained  in 
twenty  kite-flights  at  Blue  HiU,  up  to  an  extreme  height  of  18,000  feet,  indicates 
that,  while  the  mean  decrease  of  temperature,  computra  by  stages  of  1,600  feet,  is 
slightly  greater  in  areas  of  low  barometaric  pressure  than  in  areas  of  high  pressure, 
yiBt  the  rate  of  decrease  of  the  temperature  tends'  to  become  less  with  incrtomng 
ttltitiid^.  On  the  contrary^  in  areas  of  high  barometric  pressure  there  appears  to 
be  mydimfntition  in  the  rate,  indicating  tiiat  at  hdghts  greater  than  18,000  fbet 
the  temperature  of  the  whole  column  of  air  may  be  colder  when  the  pressure  at 
the  ffroond  is  high,  than  when  it  is  low.  During  1901  records  were  obtained  from 
the  iite-meteorogiaph  in  ten  flightSi  the  average  of  the  highest  points  obtained  in 
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each  of  tbese  flights  being  7,870  feet  above  sea-leyel,  and  the  palest  hd^it  buf 
12,550  feet.  Beffinning  with  December  1901,  kite-flights,  in  co-operatum  vi& 
simikr  ascents  of  kites  and  ballooDS  in  Europe,  were  attempted  eveij  moo^  vfm 
a  certain  day  that  was  appointed  by  the  Intemational  Ckmimittee  for  SciBptifir 
Aeronautics,  of  which  the  writer  is  the  American  member.  During  1902  thiitea 
flights  were  made,  of  which  ten  were  upon  the  intemational  days  specified. 

In  two  of  the  flights  the  upper  kites  broke  away  and  were  lost  in  the  ooaia, 
but  it  is  probable  tlutt  the  height  obtained  during  one  of  them  exceeded  16,000  ftet 
The  average  height  of  the  flights  from  which  records  were  obtained  is  7,940  feel, 
being  little  more  than  during  the  preceding  year,  but  the  maximum  he^ht  d 
14,060  feet  is  considerably  greater.  The  reason  that  flights  were  not  made  on  iH 
the  intemational  days  was  lack  of  wind  at  the  ground,  and  sometimes  it  wm 
impossible  to  set  higher  than  the  cumulus  clouds  on  account  of  the  wind  failing  il 
that  level.  Occasionally  the  strength  of  the  wind  at  high  altitudes  was  u 
obstacle  to  Airther  progress  upward,  and  caused  the  accidents  already  mentionii 
Were  it  desired  to  fly  kites  every  day,  or  with  certainty  on  any  ^B-determinei 
day,  duplicate  kites  and  apparatus  might  be  installed  on  board  a  snoall  steambott, 
which  by  steaming  in  Massachusetts  Bay  could  create  an  artiflcial  wind  to  rua 
the  kites  or  reduce  the  wind  to  a  suitable  velocity. 

The  poasibility  of  thus  becoming  independent  of  the  natural  wind  by  fljio^ 
meteorological  kites  from  a  vessel  appears  to  have  been  first  shown  by  the  wiiter 
in  1901,  when  he  described  his  experiments  to  Section  £  of  this  Associatioo  al 
Glasgow.  The  subsequent  successful  use  of  this  new  method  of  meteorokmil 
research  b^  European  colleagues  is  related  in  'Science,'  vol.  xvilLpp.  113,  111 
The  most  important  application  of  this  method  would  be  to  the  investigatioB 
of  the  meteorological  conditions  above  the  trade-winds  and  doldrums,  a  project 
which  the  author  presented  to  the  Intemational  Aeronautical  Congress  at  Benis 
in  1902.  The  accepted  theories  as  to  the  motion  of  the  upper  currents,  or  axtti- 
trades,  are  not  sustained  by  the  observations  of  the  movements  of  volcanic  dost 
and  high  clouds. 

Moreover,  we  are  ignorant  concerning  the  depth  of  the  trades,  and  know 
nothbg  about  the  vertical  variations  of  temperature  and  humidity  over  the 
ocean,  nor  whether  sudden  changes  in  these  elements  occur  between  the  taradai 
and  Uie  anti-trades.  The  author  desires  to  make  atmospheric  soundinga  with 
kites  flown  from  a  vessel  between  the  Acores  and  Ascension  Island,  and  ii 
endeavouring  to  obtain  the  fimds  to  charter  and  equip  a  steamer,  believing  that 
in  this  way  some  of  the  most  important  problems  in  meteorology  and  pbyakal 
geography  may  be  solved, 

6.   Work  of  the  International  Aeronautical  CommUtee, 
By  Professor  H.  Hebgesbll. 

Professor    Herpresell,    als    Prasident    der    intemationalen    Komnussion   liir 
Luftschifiahrt,  ij^iebt  einen  Bericht  iiber  die  aeronautische  Albeit,  die  hisher  von 
dieser  Eommission  gemacht  ist.    Die  Eommission,  1896  ^elegentlich  der  Konfaenz 
der  Directoren  des  Meteorologischen  Instituts  in  Paris  us  Leben  gerufen,  hat  d^ 
Aufgabe  durch  gemeinsame  interaationale  Arbeit  die  hohen  Schichten  der  Atmo- 
sphl^e  zu  erforschen.    Eine  ihrer  Hauptau%aben  ist  ^e  Ansfiihmng  simultaner 
Aufstieffie  von  moglichst  vielen  Punkten  der  Erdoberflache.    Urn  dieses  Werk 
durchfuhren  waren   viele  Schwierigkeiten  zu   iiberwinden.    Zunachst  gait  es 
fiir  diese  Aufiahrten  ein  moglichst  einwandfreies  Instrumentarium  zu  scbafien. 
Ziemlich  gelangte  man  am  brnten  durch  gemeinsame  Besprechungen,  die  auf  drsi 
Eonferenzen  der  Eommission,  1898  zu  Strassburg,  1900  zu  Berlin  und  1903  za 
Berlin,  abgehalten  vnirden.    Die  Sitzungsbtfichte  finden  sich  in  den  oflkielleo 
Berichten,  die  von  dem  Prasidenten  der  Eommission  verofllBntlicht  worden  sind. 

Professor  H.  Hergesell  concluded  his  remarks  as  foUov^s : — 

In  making  prominent  at  this  ^lace  the  development  of  our  studies,  I  do  so  in 
the  hop0  t]ii|t  English  meteprolo^ts  t(\^  ynH  tdce  part  ift  our  exp^pi^ts*    I 
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have  alreadj  meDtioned  the  occadonal  ascentfl  conducted  by  Mr.  Alexander  wiUi 
unmanned  balloone,  but  I  hope  that  we  shall  likewise  have  the  permanent  asaiat- 
ance  of  the  great  British  Empire.  The  foundation  of  an  aeronautical  obsarratory 
and  a  kite  station  on  these  shores  is  of  the  greatest  importance  for  our  studies. 
With  the  help  of  ship-motion  it  would  be  possible  to  send  up  self-recording 
instruments  every  day.  I  have  seen,  not  without  emotion,  here  in  the  exhibition, 
those  classical  instruments  which  were  used  many  years  ago  by  your  celebrated 
James  Glaisher,  whom  we  are  proud  to  haye  had  on  the  list  of  our  honorary 
members.  The}^  are  to  me  a  sure  sign  that  English  science,  remembering  his 
great  senrices,  will  take  a  prominent  pl^  in  our  aeronautical  inyestigation  of  the 
upper  atmosphere. 

7.  Photographs  of  the  Orion  Nebula.    By  W.  E.  Wilson,  FM.S. 

It  is  not  possible  to  produce  from  a  long  exposure  n^fative  of  the  Orion 
nebula  a  direct  positive  whidh  will  show  at  once  both  the  oetail  in  the  bright 
central  portions  and  the  faint  extensions.  The  author  has  succeeded,  by  means  of 
screening  off  gradually  the  outlying  portions,  in  obtaining  the  desired  result, 
%sA  suggests  that  the  method  is  m  some  ways  preferable  to  the  method  of  local 
reduction  of  the  original  negative. 


8.  Lightning  and  its  Spectra. 
By  W.  J.  S.  LocKYKB,  M.A,,  PhD.,  F.R.A,S. 

This  paper  consists  of  a  brief  reference  to  the  difierent  types  of 
flaato,  such  as  multiple,  band,  &c,  and  an  account  of  the  method  adopte<f  by  the 
author  in  securing  their  spectra.  He  showed  that  by  the  use  of  small  hand  or 
stand  cameras,  with  the  aadition  of  a  Thorpe  transparent  grating  placed  before  the 
objective,  not  only  could  the  spectra  of  bright  flashes  be  secured,  but  an  image  of 
the  flash  in  each  case  obtainea.  Two  flashes  with  their  spectra  were  shown,  the 
latter  showing  in  one  case  not  only  bright  but  apnarentiy  durk  lines.  These  photo- 
graphs, tcffether  with  otherS|  were  obtained  by  toe  author  on  the  morning  (S  a.m.) 
of  May  3L  1903,  usin^  in  one  case  a  6  x  4  Cartridge  Kodak,  and  in  the  other  a 
8^  X  6|  Dallmeyer  rapid  rectilinear  attached  to  a  box  camera.  Both  spectra,  which 
resembled  each  other  to  a  great  extent,  differed  from  those  secured  by  Professor 
E.  C.  Pickering.  He  then  Slustrated  different  photographs  of  the  spectra  of  sparks 
in  air  taken  with  the  same  instrument|  showing  the  changes  in  the  spectra  as  the 
air  was  varied  by  the  addition  of  small  quantities  of  nitro^n  or  oxygen,  or  W 
allowing  a  great  number  of  discharges  to  occur  before  analysing  the  spectrum.  A 
comparison  of  these  spectra  was  tiien  made  with  those  of  the  actual  lightning 
flashes.  The  author  expressed  no  definite  results  of  this  comparison,  as  the  inves- 
tigation was  not  yet  completed. 

^,  On  the  Phenomena  accompanying  the  Volcanic  Eruptions  in  tlic 
West  Indies.    By  David  Burks,  C.E. 

Armstrong's  hydro-electric  machine  was  in  its  day  unrivalled  as  a  source  of 
high  electric  power.  Faraday  ascribed  the  electricity  to  the  friction  of  the 
piuticles  of  water  in  the  issuing  steam  against  the  mdes  of  the  jet.  The  author  sup- 
poses that  electricity  was  likewise  created  in  immense  quantity  by  the  friction  of 
steam  and  ash  agabst  the  sides  of  the  vent  of  the  volcano  during  the  eruptions, 
and  that  Mont  Fel^  and  La  Soufridre  have  in  their  compo^tion  beds  of  low  con- 
ductivity, so  that  the  mountain  becomes  intensely  electrified,  and  also  the  clouds  of 
steam  and  ash  over  them.  The  two  theories  that  have  been  put  forward  of  the 
'blast'  are  discussed;  the  explosive  doud  theory  is  considerad  untenable,  and 
calculations  are  given  to  show  that  the  gravitation  theory  of  the  British  Scientific 
Expeditioii  ia  inadequate.    The  'blast'  is  ascribed  by  the  author  to  tha  repulsion 
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between  the  electrified  mountaiii  and  the  similarly  electrified  incindenent  «nd : 
and  also  to  the  attraction  of  the  mountain  for  the  oppoaitelj  electrified  doud 
above.  The  principal  canae  of  death  is  ascribed  to  electric  shodt,  and  the  oTer- 
throw  of  the  cannon  and  imafe  on  the  battery  hill  of  St.  Piene  is  cited  as  an 
inatance  of  destruction  that  could  only  have  been  brought  about  by  electric  i 


TUESDAY^  SEPTEMBER  15. 

DBPARTMKirr  or  Mathsmatics  akd  Phtsics. 
The  following  Report  and  Papers  were  read : — 
1.  Report  of  the  CommiUee  on  Electrical  Standards. — See  Reports,  p.  33. 


2.  yote  on  Carbon  and  Iron  Arc  Spectra  at  High  Gaseous  Pressures. 
By  R.  S.  HuTTON  and  J.  E.  Pbtavbl. 

The  paper  gives  an  account  of  a  preliminary  investigation  of  arc  spectra  at 
pressures  up  to  100  atmospheres. 

Two  points  are  worthy  of  Dote.  Firstly,  a  sharp  reversal  of  the  cyanoffen 
band  3883  in  the  carbon  arc  spectrum.  Secondly,  the  reversal  of  a  large  number 
of  lines  in  the  ultra-violet  part  of  the  iron  spectrum. 

Incidentally  it  was  found  that  the  discharge  of  a  high-tension  alternating 
current  of  larp  intensity  between  iron  electrodes  fills  the  whole  of  the  partially 
evacuated  encloeure  with  a  brilliant  yellow  glow.  A  study  of  this  glow  has  aborwn 
a  considerable  simplification  of  the  iron  spectrum. 


3.  How  to  Exhibit  in  Optical  Instruments  the  Resolution  of  lAghl  into  iis 
Component  Undulations  of  Flat  Wavelets,  and  how  to  Employ  this 
Resolution  as  our  Guide  in  Making  and  in  Interpreting  Experiments. 
By  G.  JoHNSTONK  Stonby,  M.A.t  Hon,Sc.D.,  F,R.S. 

The  present  communication  is  the  third  of  a  series  of  papers  on  a  new  method 
of  dealiDg  with  optical  problems,  based  on  the  fsct  that,  however  complex  the 
light  traversiug  a  given  space  may  be,  it  alwavs  admits  of  being  resolved  into 
compouents,  each  of  which  is  an  undulation  of  uniform  fiat  wavelets  sweeping 
across  that  space.  The  chief  peculiariihr  of  this  resolution  is  that  the  components 
undergo  no  change  as  they  advance.  This  gives  the  resolution  into  fiat  wavelets 
an  advantage  over  every  other  method  of  resolving  li^ht. 

The  6r8t  paper,  published  in  the  *  British  Association  Report '  for  1901,  p.  570, 
gives  a  more  direct  and  more  easily  understood  proof  of  the  fundamental  theorem 
than  that  which  had  some  years  previously  been  given  bv  the  author.  The  second 
paper,  of  which  an  abstract  is  given  in  Isst  vear*s  *  British  Association  Report,*  and 
which  appears  in  full  in  the  *  Philosophical  Magazine '  for  February  1903,exnlains 
how  to  construct  a  roference  hemispnere  and  indicator  diagram,  which  makes  it 
easy  to  employ  the  new  method  of  resolution  in  the  chamoer  study  of  optical 
problems ;  and  in  the  present  paper  an  explanation  is  given  of  how  to  exhibit  the 
contents  of  this  indicator  diagram  when  making  experiments  with  optical  instru- 
ments. Thus,  in  the  case  of  the  microscope,  the  light  from  the  objects  upon  the 
stage  has  to  pass  through  a  stratum  of  eitner  air,  water,  or  oil  before  entering  the 
objective ;  and  if  wo  conceive  the  light  traversing  this  stratum  to  be  resolved  into 
its  component  undulations  of  flat  wavelets,  then  portions  of  these-~that  is  to  say, 
beams  which  we  may  imagine  to  be  cut  out  of  them — enter  the  objective  and  are 
brought  to  a  focus  by  it,  in  an  imajg;e  which  may  be  seen  by  removing  the  eyepiece 
t^d  K>oking  down  the  tube  of  the  instrument. 
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Eachjopticalptmctum  of  this  image  is  the  concentrated  light  of  one  or  of  a 
Qnall  group  of  these  heams ;  and  it  can  he  proved  geometrically  that  the  imojge  so 
formed  IS  a  part  of  the  indicator  diagram,  and  possesses  the  valuable  properties  of 
that  diagram  which  were  explained  in  the  paper  read  last  year.  In  virtue  of  these 
properties  we  can,  by  scrutinising  the  ima^e  seen  on  looking  down  the  tube,  ascer- 
tain by  observation  the  directions,  intensities,  and  colours  of  the  component  undu- 
lations of  flat  wavelets  into  which  the  light,  as  it  travels  from  the  object  under 
examination  to  the  objective,  necessarily  resolves  itself.  This  prepares  the  way 
for  making  and  interpreting  a  great  bodv  of  valuable  experiments. 

The.fiul  paper  wiU  appear  in  the  *  Philosophical  Magazine.' 


4.  On  the  Form  of  Lagrange's  Equations /or  Non-Holonomic  Systems} 
By  Professor  Ludwig  Boltzmann. 

If  a  system  is  given  of  n  material  points*  with  the  rectangular  co-ordinates 
x^x^  •  .  .  Zyt  and  if  between  the  co-ordinates  we  have  y  equations,  the  system  can 
be  characterised  by  dn—v  generalised  co-ordinates.  If  some  of  the  p  equations 
have  the  form  i\dx.-¥  .  ,  .  i^ndx^  =  0,  and  if  r  cannot  be  reduced  to  the  form 
d4i(XyX„  •  •  .  x^  »  0,  then  we  call  the  system  non-holonomic  of  the  order  r.  Then 
also  at  least  r  equations  between  the  rectangular  and  generalised  co-ordinates  must 
have  the  form  d^ft«-i7ift^i  +  .  .  .  rj^n-jip^-w^  <u^d  Lsgrange's  equations  are  no 
lonffer  true.  Professor  Boltzmann  develops  the  members  which  must  be  added 
to  LAgrange's  equations  in  this  case,  and  gives  a  very  simple  and  striking  exaniple. 
The  complete  paper  will  be  found  in  the  'Sitzber.  d.  Akademie  in  Wien/ 
Bd.  Ill,  p.  1603,  December  18, 1002. 


5.   Wave-propagation  in  a  Dispersive  Medium, 
By  Professor  A.  Schuster,  F.E.S, 


6.  Discussion  on  the  Use  of  Vectorial  Methods  in  Physics,'^ 
Opened  by  Professor  O.  Hbnbici,  F.R,S. 

Contribution  by  James  Swinbubnb,  MJnst.CI. 

Such  a  question  as  this  does  not  concern  only  the  writers  of  mathematical 
books ;  it  is  essentially  important  to  physicists.  My  own  unfortunate  experience  is 
probably  that  of  veipr  many  others.  Goming  on  the  notion  of  quatermons,  or  at 
any  rate  of  vectors,  in  Maxwell,  one  had  recourse  to  Tait.  As  this  was  nearly 
twenty  years  ago,  Hamilton  was  not  accessible,  except  in  Glan's  German  transla- 
tion. After  working  at  an  idea  that  promised  great  simplicity  in  the  future  treat- 
ment of  electrics,  with  the  notion  that  it  would  come  into  use,  I  found  my  trouble 
wasted,  for  Heaviside's  system  came  along.  Then  there  came  all  sorts  of  minor 
modifications.  I  have  now  forgotten  all  about  bodi  systems,  and  have  no  intention 
of  troubling  my  head  with  any  of  them  in  future.  Until  mathematicians  settle 
among  themselves  what  system  is  to  be  adopted,  and  bury  all  the  others,  the 
ordinary  man  will  not  take  up  any  of  them.  Working  with  collections  of  direction 
cosines  and  differential  equations  which  have  a  perfective  is  very  tedious.  To 
follow  the  meaninf^  of  them  is  great  mental  labour,  and  it  involves  a  peculiar  sort 
of  imagination,  akin  to  that  necessary  for  playing  chess  in  a  far-seeing  wa^,  or 
blindfold — a  sort  of  mental  imaging.  Wheuier  the  Cambridge  mathematician 
pictures  these  things  in  his  mind,  or  degenerates  into  a  user  of  blind  mathematics, 

*  Printed  in  extenso  in  the  SUzber,  Ak,  derWiis.  in  fVim,  Bd.  cxi. 

^  Professor  Henricf  s  opening  remarks  are  printed  tii  ewtenso  in  the  Reports,  p.  61. 
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might  be  left  to  his  own  cooieienoey  if  he  bad  one.  I  doubt  if  ever  a  Oambcidge 
mathematiciao  oonld  work  either  quatemions  or  rector  products  hUndlj.  Tbja,  m 
addition  to  its  simplicity,  is  a  great  advantage  in  either  sort  of  vector  method. 

Bat  mathematical  writers  forget  that  readers  are  not  specialists  in  th«r  par- 
ticular branches ;  and  if  an  author  has  a  new  notation,  or  unfamiliar  cooventioiiay 
the  reader  simpl j  cannot  bother  with  it.  People  do  not  read  books ;  thsj  d^  in 
and  abstract  the  particular  bits  of  information  they  want,  and  if  they  come  across 
new  conTentions,  or  notation,  they  cannot  read  the  whole  book  to  find  out  what  is 
meant  Mathematical  writers,  among  their  other  numerous  faults,  generally  omit 
to  index,  and  bury  definitions  in  the  letterpress,  so  that  they  cannot  m  imnd  except 
by  reading  the  book  from  the  beginning.  They  also  forget  that  tbeir  readers  do 
not  spend  their  whole  time  at  mathenmtics,  and  do  not  keep  the  subject  in  a  state 
of  bnffht  polish.  An  ordinary  man,  who  may  be  reading  i^ysics  one  hour,  and 
specifying  for  sewage  pumps  or  interviewing  a  town  council  the  next,  cannot  keep 
his  head  clear  about  the  idiosyncrasies  of  different  writers ;  tbey  are  inessential,  and 
are  a  nuisance.  * 

If  Professor  Henrici  can  induce  a  committee  of  influential  mathematiciaiis, 
and  e^»edaUy  physicists,  to  discuss  the  matter  and  settle  what  system  to  adopt, 
and  stick  to  it,  we  may  get  rid  of  .r,  y,  and  s,  and  gain  simplicity  ^  but  as  long  aa 
there  is  continual  tinkering  thtfe  is  no  chance  of  the  adoption  of  any  system.  It 
would  be  better  to  adopt  the  worst  system  than  go  on  as  at  present.  It  is  for 
specialists,  not  for  people  like  me,  to  say  what  is  wanted.  I  may  put  in  a  plea  as 
a  possible  though  ignorant  user.  I  have  no  religious  objection  to  the  square  of  a 
vector  being  negative.  Being  an  engineer,  an  ordinary  screw  is  right-handed  or 
positive ;  and  for  mathematicians  there  is  the  corkscrew.  I  want  a  system  that 
fits  in  with  the  electric  and  magnetic  circuits,  and  I  want  it  to  make  geometrical 
sense  of  v^ — 1,  Demoivre's  theorem,  and  the  enonential  values  of  the  trigonometric 
functions  and  the  hyperbolic  functions.  We  do  not  want  several  sets  of  conven- 
tions to  cover  all  these  pmnts.  I  do  not  speak  personally,  merely  as  an  outsider 
representing,  probably,  many  hundreds  of  physicists.  We  all  want  some  system — 
one  system,  and  only  one  system. 


7.  ConsidercUion  of  some  Points  %n  the  Design  a/nd  Working  of 
Ballistic  Galvanometers.    By  P.  H.  Powell,  B,Se. 

The  D'Arsonval  tjy^  of  g^vanometer  ii  at  the  same  time  one  of  the  most 
accurate  and  one  of  the  simplest  of  fj^vanometers,  and  is  Exceptionally  suitable 
for  use  in  the  neighbourhood  of  powerful  electromagnets. 

A  ballistic  galvanometer  is  usuaUy  designed  to  have  a  certain  periodic  time 
and  a  certain  sensibility ;  it  should  be  quick-working — i^.  should  oe  able  to  be 
brought  to  rest  quickly  at  zero  after  the  deflection  has  been  read. 

Tk<d  deflection  of  Uie  galvanometer  is  a  measure  of  the  quantity  of  electricity 
discharged  through  the  instrument.  It  is  assumed  that  the  discharge  takes  place 
before  the  suspended  coil  of  the  instrument  has  appreciably  moved ;  consequently 
the  periodic  time  must  depend  upon  the  time  during  which  the  dischaige  passes, 
and  can  be  fixed  accordingly.  Hence  the  two  data,  sensibility  and  periodic  time, 
can  be  easily  chosen,  the  remaining  condition  being  left  for  further  consideration. 

Conmder  a  coU  whose  length  is  a,  breadth  6,  mass  M,  wound  with  n  turns  of 
wire,  and  suspended  between  the  poles  of  a  permanent  magnet  which  creates  a 
uniform  field  of  intensity  H. 

Then,  after  the  impulse  has  been  given, 

neglecting  damping  (where  C  is  the  control),  and  hence 

Time  of  free  oscillation  T^2irA/^    ,,,,(!) 
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From  initial  eonditiops— 

and  hence  the  deflection 


0       rs^^^S     ,  ,         .  (2) 

From  equations  (1)  and  (2)  it  is  possible  to  design  an  ordinary  galvanometer ; 
the  only  other  consideration  is  the  damping. 

Now  the  retarding  couple  on  the  coil  due  to  damping 

«(Hna6)»|  (RinC.G^.) 

K 

Introducing  this  term  into  the  equation  of  motion, 
M^^'  +  (^^'^  +  Cd-0, 

and  critical  damping  takes  place  when 

R^^i^j'^i)!^    C.G.S.uniU         ....    (8) 

In  order  that  the  motbn  of  the  coil  may  be  efiectively  stopped  by  short* 
circuiting,  its  resistance  must  not  be  greater  tlum  the  value  given  by  this  equation. 
When  a  deflection  is  bein|^  read,  however,  in  order  to  render  the  damping  term 
inappreciable  the  total  resistance  of  the  circuit  must  be  considerably  greater  than 
this  value.    This  can  be  readily  arranged  by  siiitable  connections. 

From  these  equations  it  is  seen  that  the  only  method  by  which  it  is  poMible  to 
decrease  the  period  and  still  keep  the  sensibility  constant  is  by  decreasing  the 
control  G.  If  the  period  is  brought  down  by  oUier  means  there  will  be  a  loss  of 
sensibility. 

In  a  special  case  a  galvanometer  was  required  to  have  a  v|^ry  low  period  with 
a  fitirly  high  sensibility  and  quick  working,  and  this  investigation  was  undertaken 
in  order  to  obtain  a  satisfactory  instrument. 

From  calculations  founded  on  the  above  equations  a  design  was  made, 
assuming  a  certain  size  of  coil  and  shape  of  magnet,  which  was  sent  to  a  certain 
firm  of  instrument-makers,  so  that  they  could  inform  us  of  the  value  of  the  strength 
of  the  magnetic  field  in  the  gap.  This  was  found  to  be  230  lines  per  square  centi- 
metre, and  from  experiments  on  the  torsion  of  phosphor  bronze  strip  it  was  found 
that  a  control  of  '01  would  not  be  difficult  to  obtain. 

Assuming  a  coil,  length  6  cm.,  breadth  1*72  cm.,  a  control  of  '01  (dvne  cm.), 
a  periodic  time  of  80  sees.,  and  a  sensibility  of  \  radiam  per  microooiuomb  {i,e, 
i  radiam  as  motion  of  coil),  then  the  coil  must  contain  22  turns  of  No.  28  wire. 

^  On  testing  for  damping  the  critical  resbtance  is  found  to  be  7*1  ohms,  which, 
being  much  larger  than  the  resistance  of  the  coil,  indicates  that  the  motion  of  the 
coil  could  be  esisily  stopped  bv  short-circuiting. 

From  these  results  the  galvanometer  was  constructed,  and  was  found  to  have  a 
much  higher  poriod  and  much  lower  sensibility  than  it  had  been  designed  for. 
The  cause  of  this  was  not  far  to  seek,  lying  in  the  fact  that  the  copper  wire  used 
in  the  construction  of  the  coil  was  magnetic,  and  it  was  found  that  this  magnetic 
control  was  very  large  in  comparison  with  the  feeble  control  of  the  strip. 

To  overcome  this  difficulty  various  devices  were  tried,  and  wire  was  obtained 
from  several  manufacturers,  in  the  hope  that  it  would  prove  non-magnetic. 
The  best  results  were  obtained,  however,  oy  depositinff  copper  electrolj^tic^y  on 
a  very  fine  wire.  The  resulting  copper  wire  was  fairly  non-magnetic,  but  so 
brittle  that  it  could  not  be  usea  'fo  improve  the  wire  it  was  roUed  between 
brass  rollers  and  annealed  \  but  in  doing  so  some  very  fine  iron  dust  floating  in  the 
air  of  the  workshop  must  have  become  deposited  on  it,  for  it  was  again  lound.to 
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bemagnetic  The  attempt  to  produce  para  ooppar  wire  WM  tiim  alMiidbaed,  ai^ 
in  order  to  reduce  the  magnetic  control  a  yery  narrow  coil  was  procured^  and  by 
pattinff  pole  pieoea  on  the  pennanent  magnet  its  field  was  made  as  uniform  aa 
poasibfo,  since  in  a  perfectly  uniform  fidd  magnetic  particles  on  tha  coil  would  not 
produce  any  control.  In  order  to  increase  the  moment  of  inertia  of  the  aystiem 
a  lifl^t  copper  disc  was  attached  rigidly  to  the  coil  by  a  light  bone  rod. 

This  arrangement  when  tried  gave  satisfiu^iy  results  as  regards  aenaibility 
and  periodic  tune,  but  did  not  d«np  well  when  short-drcuited.  This  difBcul^ 
was  overcome  by  placing  below  the  cooper  disc  a  small  eleetfomaffnet,  tH^eh 
when  excited  quickly  brought  to  rest  the  disc  by  reason  of  the  My  otifrepta 
induced  in  it.  >  ••  < 

There  is  one  point  of  interest  about  the  method  adopted  in  calibrating  the  new 
instrument  This  is  done  best  by  the  standard  solenoid,  as  the  deflections  are  not 
proportional  to  the  quantity  of  electricitjr  dischar]^  through  the  coil  when  the 
resistance  in  the  circuit  is  sm^.  Takmg  a  senes  of  readings,  curves  can  be 
plotted  showing  the  relation  between  flux-deflection  for  constant  resistanee  and 
resistance-deflection  for  constant  flux  ;  or  the  three  may  be  pbtted  isometrically. 
This  last  is  the  most  convenient  method  for  odd  deflections,  but  when  eeverml 
readings  are  taken  with  the  same  resistance  it  is  better  to  plot  a  separate  curve 
connecting  flux  and  deflection  for  each  resistance  from  the  set  of  curves  conneetisg 
deflection  and  resistance  for  constant  flux. 


8.  On  the  Use  of  Capacities  as  Multipliers  /or  BUdrostaiie  VoUmelers  in 
Alternating  Current  Circuits.  By  Professor  R  W.  Maechaht,  D.Sc^ 
and  G.  W.  Worball,  B.Sc. 

This  arrangement  has  been  devised  to  enable  an  eleotroetatic  voltmeter  to  be 
used  to  measure  any  alternating  voltage  higher  than  that  actually  existing 
between  its  terminals. 

Two  capacities  having  a  known  ratio  are  placed  in  series  witii  each  other  aeraea 
the  drcuit  the  P.D.  of  which  it  is  desirea  to  measure,  and  the  volftmeler  la 
shunted  across  one  of  them.  If  the  resistance  of  the  circuit  be  verv  high  there 
will  be  an  alternating  current  flowing  through  the  oondensert,  whose  K.M.O.  value 
for  a  uniwave  is  given  by 


where  C, 


9re  Ci  and  C.  are  the  magnitudes  of  the  capacities  in  farads. 
E  is  the  K.M.S.  value  of  the  applied  P.D.  in  volts. 
And  ^  «  27r  X  frequency. 

The  P.D.  between  the  terminals  of  0,  wiU  be  -    L  -.-l^L,  ,  v. 

\j2p     ^i  +  ^a 
V        C, 


Hence 


E  0,+c; 


By  adjusting  the  capacities  G,  and  C,  it  is  thus  possible  to  obtain  any  desired 
ratio  between  the  voltage  at  the  terminals  of  the  instrument  and  that  on  the 
cirouit. 

This  relationship  has  been  worked  out  for  a  uniwave,  whieh-  of  eoone,  rarely 
exists ;  but  it  may  easily  be  shown  that  the  same  ratio  between  the  voltages  oe  tlie 
circuit  and  the  voltmeter  holds  for  all  wave-shapes. 

There  are  two  conditions  which  have  to  be  iulfilled  to  enampa  aeeufeapy : 


(1)  The  insulation  resistance  of  the  condenser  must  be  so  high  aa  to  make  tiie 
resistance  current  very  small  compared  with  the  capacity  current. 

(2)  The  shunting  capacity  must  be  large  compared  with  that  of  the  instru- 
ment itself. 


Digitized  by 


Google 


TRANSAC140KS  Olf  SECnON  A.  673 

This  deviee  cannot  be  used  sueoesaftillj  with  direct  cnrrenta,  ^ce  though, 
theoieticallj,  the  yoltage  distribation  woold  be  the  same  as  for  alternating 
potential  dmerences,  the  defective  insulation  of  all  condensers  (nnless  constructed 
with  excesdye  care)  allows  the  chaise  to  leak  away,  and  the  actual  readiiMp  of 
the  voltmeter  depends  on  the  ratio  of  the  resistances  of  the  two  branches  of  the 
eiienit 

Yei^  high  insnlatioii  of  the  condensers  is  not  desirable  when  they  are  used  with 
alternating  currents,  as  an  accidental  electrostatic  charge  would  be  retained  and 
vitiate  the  readings. 

The  two  capacities  may  be  combined  to  form  one  piece  of  apparatus.  The 
condenser  is  arranged  with  one  set  of  conducting  plates  all  connected  together, 
the  other  set  being  split  into  two  groups,  one  of  which  forms,  with  the  corre- 
sponding plates  of  tiie  first  set,  one  condenser,  and  the  second  group,  with  the 
remaining  plates  of  the  first  set,  the  second  condenser.  For  high  voltages  the  whole 
may  be  inmiersed  in  oil. 

Experiments  have  been  made  with  this  device,  using  various  ratios,  including 
one  of  20 : 1,  in  which  a  P.D.  of  10,000  volts  was  measured  with  an  ordinary 
fiOO-vi^t  electrostatic  instrument. 

TbiB  method  has  been  previously  described  by  W.  Penkert  in  <  Elecktro- 
tech.  Zeits.'  No.  89  (1898),  < Eclairage  Electrique,'  17,  p.  332  (1898),  and  'Science 
Abstracts/ 1890,  p.  294. 


SuB-SEonoN  OF  Astronomy  and  Metbokology. 
The  following  Report  and  Papers  were  read : — 

1.  Report  of  the  Seismologioal  Committee. — See  Reports,  p.  77. 


2,  Evihibition  of  Photogrc^plis  made  with  tlie  Spectro-ffeliograph  of  the 
Terkes  OhaaAxUory.    By  A.  R.  Hinks,  M.A. 

8.  Radiation  through  a  Foggy  Atmospliere. 
By  Arthur  Schuster,  F,R.S. 

In  the  theoretical  explanation  of  the  appearance  of  dark  lines  in  the  spectra  of 
the  sun  and  the  stars  a  mass  of  gas  is  supposed  to  act  on  the  incident  light  by 
absorption  only.  When  Kirchhoff  first  furnished  this  explanation  it  fitted  all  the 
facts  which  were  then  known,  and  it  was  not  necessary  to  go  beyond  the  assump- 
tion of  simple  absorption.  But  difficulties  have  since  arisen.  Bright  lines  are 
observed  to  be  mixed  with  the  dark  lines  in  some  stellar  spectra,  and  even  in 
the  sun  the  H  and  E  lines  are  bright  over  a  great  portion  of  the  disc. 

According  to  EirchhoflTs  hypotnesis  a  layer  of  gas  in  front  of  a  radiating  sur- 
fiice  can  only  give  bright  lines  if  its  temperature  is  higher  than  that  of  the 
radiating  surface;  a  supposition  which  in  the  case  of  stellar  or  solar  atmospheres 
is  not  p^^ps  impossible,  but  certainly  to  be  avoided  if  possible. 

The  presence  of  bright  lines  admits,  however,  of  easy  explanation  if  we  take 
the  scattering  of  light  into  consideration,  which  must,  to  some  extent,  take  place 
in  a  pure  gas,  and  must  certainly  prevail  under  the  conditions  of  the  condensable 
vapour  in  front  of  stellar  photospheres.  The  scattering  of  light  acts  in  a  different 
manner  from  absorption,  and  should  therefore  be  taken  into  account.  I  call  a 
yaponr  in  which  scattering  plays  an  appreciable  part  a  *  foggy  *  yapour. 

The  coefficient  of  scattering  («)  is  conveniently  defined  thus:  If  streams  of 
radiation  of  intensity  A  fall  on  a  plate  of  infinitely  small  thickness  A,  an  amount 
of  light  is  scattered  by  the  plate  which,  per  unit  surface,  may  be  expressed  by 
sAA.    Of  tins  I  9 Ah  is  sent  backwards  and  \  sAh  forward.    The  amount  of  radis 
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tion  «b0orbed  is  similarly  kAM,  where  k  is  the  coefficient  of  ahsoiption  which  is 
equal  to  the  coeffident  of  emlBsion.    I  shall  also  write 


r-(V'*:-*V;)' 


We  Diay  then  express  some  of  the  results  ohtained  as  follows,  the  complete  inreati- 
gation  heing  reserved  for  publication  in  the  '  Astrophysical  Journal' 

1.  A  plate  of  infinite  thickness  sends  out  an  amount  of  radiation 

y 

where  R  b  the  radiation  of  a  black  body  having  the  temperature  of  the  plate. 
Thus  if  «/#  X  J,  1,  or  2,  (y  -  l)/y  *  '73,  -88,  or  -03  respectively. 

A  great  thickness  of  a  fog^  vapour  therefore  does  not  tend  to  give  a  contanuons 
spectrum,  but  one  of  bright  hues.  The  brightest  line  will  be  that  which  haa  the 
greatest  emissive  power. 

2.  An  absorbing  and  radiating  layer  of  a  foggy  vapour  placed  in  front  of  a 
luminous  surface  of  higher  temperature  may  show  bright  lines  as  well  as  dmrk 
lines. 

3.  The  continuous  spectrum  transmitted  through  such  a  layer,  if  there  is  no 
absorption,  has  an  intensity 

i-A 

2   +   Mt 

where  t  is  the  thickness  of  the  layer,  and  A  the  intensity  of  the  incident  light.  A 
line  will  be  dark  or  bright  according  as  the  intensity  belonging  to  its  radiation 
value  smaller  or  peater  than  this. 

4.  The  radiation  of  the  background  and  the  coefficient  of  scattering  being  eoual, 
the  brightest  lines  belcmg  to  the  radiations  of  greatest  emissive  power.  This 
explains  the  absence  of  the  helium  line  D,  from  the  spectrum  of  the  sun. 

5.  Under  the  conditions  probably  holding  in  the  stars,  where  in  conseouenoe 
of  lower  temperature  the  rano  of  black  radiation  of  the  absorbing  layer  to  that  of 
the  photosphere  is  decidedly  greater  for  the  red  than  for  the  violet  radiations,  the 
less  refrangible  rays  are  more  easily  reversed  than  the  more  refrangible  rays.  This 
probably  accounts  for  the  fact  that  stars  are  apt  to  show  the  less  refrangible 
nydrogen  lines  bright,  and  the  more  refrangible  hydrogen  lines  dark. 

6.  If  the  scattering  is  due  to  small  particles,  so  that  the  short  wave-lengths  are 
much  more  scattered  than  the  longer  waves,  the  above  result  may  be  reversed,  and 
the  most  refrangible  lines  may  be  those  most  easily  seen  as  bright  lines.  This  is 
apparently  the  condition  which  holds  on  the  sun,  as  the  ultra-violet  hydrogen  lines 
do  not  show  as  absorption  lines  in  the  solar  spectrum. 


Eclipse  Observations  of  Jupiler^s  Satellites :  a  Study  of  the  Ordinary 
Observations  in  Comparisofi  with  the  Pfiotometric  Observations  of 
Harvard,     By  Professor  R.  A.  Sampson. 


6.  Solar  Prominences  and  Terrestrial  Magnetism} 
By  the  Rev.  A.  L.  Cortib,  SJ.,  F.R.A.S. 

The  bearing  of  recent  researches  by  Father  Sidgreaves,  Dr.  Chree,  and  the 
writer  upon  the  question  of  the  relation  that  exists  between  sun-spots  and  tenes- 
trial  magnetism  has  been  to  emphasise  the  general  connection  of  the  phenomena,  but 
to  disprove  any  connection  of  efficient  cause  and  effect.    The  resnUe  of  the 

'  Published  in  full  in  the  Astropkyticdl  Journal,  November  1903« 
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iilquiriee  ar6  more  coneistent  with  the  existence  of  a  common  cause,  which  affects 
the  sun  and  the  magnets  on  the  earth.  The  question,  however,  was  raised  some 
time  since  hj  Professor  Garihaldi,  and  more  recently  bj  Sir  Norman  and  Dr. 
Lockyer,  as  to  whether  prominences  may  not  supply  the  place  of  sunnspots  in 
those  cases  in  which  a  great  magnetic  storm  is  unaccompanied  by  any  spot.  The 
curve  of  frequencr  of  great  ma|;netic  storms  is  exactly  coincident  witn  that  of 
solar  prominences  in  high  latituiks ;  also,  sun-spots  do  not  occur  in  such  latitudes. 
Hence  it  would  seem  that  to  prominences  should  be  attributed  a  special  efficacy 
in  the  causation  of  magnetic  storms.  But  it  may  be  argued,  in  the  contrary  sense, 
that  this  coiocidence  is  due  to  the  fact  that  at  times  of  solar-spot  maximum 
activity  the  disturbance  on  ^e  sun  is  general,  and  extends  to  greater  distances 
from  the  actual  regions  of  the  spots,  both  prominences  and  coronal  streams 
moving  to  higher  latitudes  with  the  advance  of  the  sun-spot  cyde.  Moreover,  it 
is  known  that  the  profile  area  of  prominences,  and  their  curve  of  frequency,  con- 
forms to  that  of  sun-spots.  Hence  it  would  appear  that  prominences  cannot  in 
^neral  be  isolated  from  sun-spots  as  phenomena  which  are  particularly  active  in 
influencing  terrestrial  magnetism.  But  the  question  still  remains  whether  particu- 
larly large  and  violently  eruptive  prominences  mav  not  be  effective  in  causing 
magnetic  storms  in  the  absence  of  spots.  The  only  method  of  answering  this 
question  would  be  to  make  a  detailed  study  of  individual  prominences  that  are  in 
anv  way  noteworthy,  and  of  the  magnetic  storms,  to  see  whether  any  such  relationship 
subebts.  As  a  contribution  to  such  an  investigation,  two  years  have  been  dealt 
with,  for  which  very  full  observations  of  prominences  have  been  published  by 
Father  Fenyi,  of  Kalocsa,  with  detailed  accounts  of  the  larger  and  more  note- 
worthy eruptions.  The  years  1887-88  were  also  years  of  minimum  sun-spots, 
so  that  it  would  be  easier  to  trace  the  connections,  if  any,  which  might  exist 
between  prominences  and  magnetic  storms  in  the  absence  of  spots.  A  list  of 
forty-eight  prominences  was  made  from  the  observations,  which  were  either 
violently  eruptive  or  distinguished  by  great  displacements  of  spectrum  lines  in  the 
line  of  sight,  or  attained  a  height  of  over  100'^.  It  was  found  that  twenty-nine  of 
these  were  either  ioimediately  associated  with  spots  or  facuke,  or  occurred  in  the 
spot-xones,  this  dass  inciudiog  all  the  metallic  prominences.  As  regards  the 
magnets,  the  maximum  diurnal  range  of  the  declination  was  measured  in  each  case 
from  the  Stonyhurst  curves.  On  onlj  one  of  the  dates  on  which  a  high  prominence 
was  observed  was  there  a  magnetic  storm,  and,  allowing  three  days  before  and 
after  each  observation  of  a  prominence,  there  were  only  nine  active  disturbances 
of  the  magnets  which  occurred  during  such  periods.  In  no  single  case  can  a 
magnetic  storm  be  with  certainty  associated  with  any  given  prominence,  and  great 
prominences  have  occurred,  with  very  large  displacements  of  lines  and  violently 
eruptive  activity,  without  any  answering  swings  of  the  needles.  As  with  the  spots, 
so  too  with  the  prominences,  t^e  efficiency  in  the  causation  of  magnetic  storms,  if 
such  exists,  is  exerted  irregularly  and  capriciously.  It  is  the  general  disturbance 
of  the  sun  and  his  surroundings  which  affects  the  earth's  magnetism,  and  not  auy 
particular  manifestation  of  spot  or  prominence. 


6.  Comparuon  of  the  Spectrum  of  Nitrogen  cmd  qfthe  Aurora. 
By  Dr.  A.  Paulsen. 

On  m'a  fait  llionneur,  pendant  mon  s^iour  ici,  de  me  demander  de  vouloir 
presenter  ik  la  Section  d*Astronomie  et  de  M^tdorologie  de  la  British  Assodation 
une  photographic  d*un  spectre  de  I'aurore  polaire  que  Texp^dition  danoise  pour 
explorer  I'aurore  polaire  a  prb  pendant  son  s^jour  daus  le  nord  d'Islande  daus 
lluver  1809-1900. 

Avant  de  vous  montrer  cette  photographic  je  pense  que  peut-dtre  il  pourrait 
tee  utile  de  faire  qudques  remarques  sur  la  m^tliode  et  lea  instruments  que  nous 
aTont  emplov6i  et  du  caractdre  en  g^n^ral  du  spectre. 

Sur  ma  aemande  le  gouvemement  danois  ma  donn^  des  moyens  pour  explorer 
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ranrore  pokure,  ph^Dom^ne  qui  pendant  mon  a^joor  an  Qfoenland,  il  y  a  tnain* 
tenant  20  ann^es,  a  attir^  mon  plua  vif  intdr^t. 

Quant  an  bout  de  cea  recfaerchea,  Texamen  du  spectre  de  Faurore  poUure  6tait 
une  recherche  du  jHremier  ordre.  La  lone  ocl  ae  d^veloppe  lea  fh^ncm^ots 
auToraux  dana  leor  plus  grande  fr^uence*  leur  plus  grande  intenaitd  eC  ricboeaG 
de  forme  est  loin  des  obserratotres  on  on  s'occupe  des  recherchea  spectrographifpus 
dee  ph^nom^nee  creates.  L'apparition  d*une  aurore  7  est  un  ph^nomdne  me,  et 
Tapparition  d'un  tel  ph^nomdne  pendant  quel^uea  heurea  d'une  aeule  unit,  boos 
les  Latitudes  moyennes;  ne  satisfiiit  pas  pour  faiie^les  recberches  photographiqueB 
de  son  spectre.  Excepts  pour  la  ligne  jaune-verdatre  d^couyerte  par  Angstrom, 
les  longueurs  d*onde  des  autres  lignes  ne  sont  pas  bien  d^termin^es  par  des 
recberches  avec  un  spectrom^tre  a  vision  dtrecte.  Et  cela  se  comprend.  Co  n'est 
que  la  ligne  principale  qu'on  voit  toujours  quand  une  aurore  apparait ;  aoaai  la 
longueur  d'onde  de  cette  li^e  est-elle  exactement  d^termin^e.  Lbs  autres  ligpes, 
au  moins  celles  qui  apparaissent  dans  la  partie  lumineuse  du  spectre,  ne  ao  Toient 
pas  toujours.  loujours  trds  faible  elles  n'apparaissent  g^n^ralement  que  dana 
quelques  moments  pour  bient6t  disparaitre.  Aussi  la  determination  de  lean 
longueurs  d*onde  din  dre  tant  qu*on  pourrait  etre  port^  h  croire  que  les  diff^rentes 
aurores  pr^sentent  dee  spectres  diffiSrents. 

A  peu  pr^s  d'un  an  avant  mon  depart  pour  llslande  M.  le  professeur  I^deering 
en  Am^rique  avait  trouyd  par  yoie  photographique  deux  ou  trois  lignes  dont  la 
plus  intense  avait  une  longueur  d'onde  de  390  m.  environ.  M.  Pickering  n'avait 
pas  employ^  pour  ses  recberches  un  spectrograpbe  constnut  particulidrement  dans 
ce  but,  ce  qui  me  donna  un  bon  espoir  pour  mes  recberches  avec  des  spectro- 
graphes  construits  particuli^rement  pour  la  lueur  de  I'aurore  polaire. 

Comme  spectrographes  je  me  suis  servi  de  deux  aj^pareHs.  Dans  I'un  des 
spectrograpbes  le  prisme  <$tait  en  spath  d'lslande  et  les  lentules,  non-achromatiqaee, 
en  quartz.  Je  dois  aux  bona  conseils  de  M.  Mascart  la  bonne  construction  de  cet 
appareil.  C*est  sur  la  proposition  de  M.  Mascart  qu*on  a  employ ^  un  prisme  de 
epath  d*Islande,  qui  a  un  grand  pouvoir  dispersif.  Aussi  M.  Mascart  a-t-il  troay^ 
d*6tre  bon  dWplojer  des  lentilles  de  quartz  non-achromatiques  pour  6viter  la 
perte  de  lumi^re  provoqu^e  par  la  reflexion  des  surfaces  des  deux  lentillee. 
JPuisque  je  ne  me  suis  pas  pr^par^  h  Copenha^ue  k  faire  une  lecture  dans  une  des 
stances  de  1' Association  Britannique  je  ne  puis  vous  donner  la  mesure  exacte  de 
la  longueur  focale  de  la  lentille  du  collimateur  et  de  celle  de  Tobjectif  de  la 
lunette.  La  longueur  focale  est  la  meme  pour  ces  deux  lentilles,  de  sortc  que 
rimafe  de  la  fente  est  de  m^me  grandeur  que  celle  de  la  fente  elle-mSme. 

Nous  nous  Bommes  aussi  servi  d'un  autre  spectrograpbe  construit  par  M.  Schemer 
de  Potsdam.  Les  lentilles  et  le  prisme  de  cet  appareil  sont  d'un  flint  tr^  par. 
Le  spectrograpbe  de  M.  Scheiner  a  une  puissance  lumineuse  plus  grande  que  celui 
de  Tautre  appareil.  On  peut  avec  ce  spectrograpbe  photographier  des  ligpes 
jusqu'ii  une  longueur  d'onde  aux  environs  de  la  ligne  O  dans  le  spectre  solaire. 
Je  profite  de  Foccasion  pour  remercier  encore  M.  Scheiner  pour  cet  excellent 
appareiL  Avant  mon  depart  de  Copenbague  je  n'osais  pas  h  me  fier  seulement 
h  un  spectrograpbe  k  lentilles  de  quartz,  h  cause  du  diametre  n^oessairement  tr^ 
petit  des  lentilles.  Heureusement  tons  les  deux  instruments  nous  ont  foumi  de 
bons  r^ultats. 

Les  appareils  ^talent  construits  de  sorte  qu'on  pouvait  toujours  dir^fl^  par 
viser  la  fente  du  spectroscope  centre  le  point  du  ciel  ou  Taurore  se  manifesta  ayec 
la  plus  grande  intensity.  Pendant  les  nuits  i\  aurore  on  ^tait  done  toiyours 
occupy  k  toumer  le  spectrom^tre.  En  outre  on  examinait  le  spectre  des  aurores 
qui  apparaissent  aux  diverses  parties  du  ciel  avec  un  petit  spectroscope  de  poche. 
pour  voir  dans  quelles  parties  de  Taurore  se  montraient  le  plus  grand  nombre  de 


La  premiere  fois  que  nous  expos&roes  les  instruments  pour  prendre  dee 
pbotoCTaphies  de  Taurore  fut  au  noel  de  1809.     Apr^  une   longue   s^rfe   de 

iours  tt  mauvais  temps  venait  une  nuit  k  ciel  pur ;  par  consequent  nons  posamee 
es  instruments  sur  place,  les  fentes  ouvertes.  Mais  on  n'apercut  toute  cette  unit 
aucune  aurore  proprement  dit.     Vint  ensuite  une  s^rie  de  joura  k  neige ;  lea 
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instraments,  qui  ^Uient  toojoun  m>8^  but  un  pilier  en  plein  air,  furent  couverts 
d'une  caiaie.  Quand  au  courant  aune  semaine  le  temps  ne  s^am^llora  pas  nous 
nous  estuxdoos  poor  bon  de  rexnplaoer  les  plaoues  avec  de  oouvelles.  Notie  surprise 
fat  done  grande  en  d^reloppant  les  plaques  d  aperoeToir  quatre  lignesdont  les  deux 
^talent  ^couvertes  d^j^  par  M.  Fickeriog,  les  deux  autres  ^talent  des  llgnes 
nouvelles.  Les  longueurs  d'onde  de  ces  quatre  lignes  dtaient  de  426  m.,  391  m., 
367  m.  et  836  m.  environ.  On  les  mesurait  par  le  microni^tre  de  la  lunette  du 
fipectrogranhe  en  comparant  leur  position  avec  celle  des  lignes  de  comparaison  du 
apectre  de  Fair  et  de  quelques  m^taux.  La  ligne  de  la  moiudre  longueur  d*onde 
ir^tait  pas  provoqu^e  par  le  spectroscope  ^  lentilles  et  prisma  de  flint,  et  la  ligne 
d'une  longueur  d  onde  de  336  m.  n'apparaissait  que  comme  une  ligne  tr^  £uDle 
dans  le  spectre  appartenant  k  ce  dernier  instrument. 

Cette  provocation  inattendue  d*un  spectre  pbotographique  de  Taurore  polaire 
nous  frappa  surtout  parce  qu'on  n'avait  aper^u  aucune  aurore,  si  ce  n*6tait  que 
des  traces  trds  fugitives  d'une  telle  pendant  la  seule  nuit  claire  dans  laquelle  les 
appareils  ^taient  expose.  Le  spectre  provoqu^  par  le  spectrogra|>be  h  lentilles  de 
quartz  et  k  j^risme  ae  spath  d'Islande  montra  en  outre  une  particularity  remar- 
quable,  savoir  celle  qu  on  avait  obtenu  par  reflexion  dans  les  deux  prismes  aux 
bouts  de  la  fente  une  continuation  des  lignes  qu*on  avait  obtenues  par  les 
rayons  qui  avaient  entr^  imm^diatement  k  travers  la  fente.  Mais  cette  nuit  le 
ciel  ^tait  d*une  clart^  ]^articulidre  qu'on  ne  connait  aue  dans  les  nuits  arctiques. 
Aussi  au  Greenland,  oii  j'ai  pass^  un  hiver  comme  cnef  de  la  station  Internationale 
polaire  duioise,  au  milieu  de  rbiver,  dans  les  nuits  ou  il  n'y  avait  pas  de  clair  de 
lune,  le  ciel  paraissait  souyent  illuming  d'une  lueur  Mble  qui  permettait  de  voir 
les  montagnes  k  une  dbtance  de  30  kilometres:  dans  ces  circonstances  on  pouvait 
discemer  de  petites  pierres  sur  le  sol.  Cette  lumidre  de  la  nuit  arctique  £iiit 
un  contraste  remarquable  aux  t^ndbres  dee  nuits  sous  les  latitudes  basses.  Quand, 
dans  ces  circonstances,  on  dirige  le  spectroscope  vers  le  del  on  voit  la  li^e 
priDcipale  de  Taurore  polaire.  Cette  elart^  semble  done  dtre  la  maniflBstation 
d'une  aurore  qui  ne  se  montre  que  comme  une  lueur  faible  repartie  sur  la  plus 
grande  partie  du  ciel. 

Les  quatre  lignes  sumommto  semblent  pandtre  toujours  quand  il  j  a  un 
pb^nom^ne  auroraL  La  premiere  de  ces  lignes,  d'une  longueur  donde  de  426  m., 
est  situ^  dans  la  partie  violette  du  spectre  de  I'aurore ;  les  autres  appartiennent  a 
la  partie  ultra-violette. 

Dans  la  suite  nous  avons  pbotograpbi^  en  tour  21  lignes  du  spectre  dont  les 
16  ^taient  inconnues  jusqne-l&.  Hors  la  ligne  jaune-verd&tre  d' Angstrom  nous 
n'avons  pas  pu  pbotograpbier  des  lignes  d'une  longueur  d'onde  moindre  que 
de  470  m. 

Le  temps  mauvais  pendant  notre  s^iour  en  Islande,  I'abondance  des  nuages  et 
le  clair  de  lune  empdcnaient  en  haut  degr^  la  suite  de  nos  experiences,  de  sorte 
que  les  spectrompnies  ont  4i6  expose  un  temps  d'un  mois^peu  pr^  pour  reoevoir 
la  quantity  de  lumidre  nteesisaire  pour  la  pbotograpbie  des  lignes  faibles. 

£n  pbotograpbiant  le  spectre  de  la  lumidre  bleue-violette  qui  entoure  la 
catbode  d'un  tube  Geissler  rempli  de  nitrog^ne  nous  avons  constats  une  identity 
complete  entre  les  lignes  de  la  partie  du  spectro-auroral  que  nous  avons  pboto- 
grapbie, sauf  la  ligne  d' Angstrom,  et  les  lignes  correspondantes  dans  le  spectre 
cathodique  de  nitrogene.  Four  mieux  constater  cette  identity  j'ai,  k  mon  retour 
de  rislande,  demands  k  M.  Scbeiner  de  Potsdam  de  vouloir  faire  des  mesures 
comparatives  des  deux  spectres  avec  les  instruments  de  mesure  excellents  qui  sont 
h  sa  dispontion.  Le  r^sultat  des  mesures  de  M.  Scbeiner  constate  parfaitement  le 
r^sultat  que  nous  avons  d4jk  trouv^  en  Islande.  Ses  deux  spectres  qui  ont  4t4 
pris  par  le  mSme  appareil  avaient  une  dispersion  une  pen  diffSrente.  En  r^duisant 
le  spectre  de  Taurore  k  la  mSme  dispersion  que  celle  du  spectre  de  la  lumi^re 
catbodique  les  mesures  de  Scbeiner  d^montrent  une  identity  complete  entre  les 
deux  spectres.  (Voir '  Bulletin  de  FAcadeinie  Royale  des  Sciences  de  Danemark,* 
1901.) 

Je  vsis  main  ten  ant  vous  montrer  par  projection  une  image  des  deux  spectres 
sosnommes.    On  voit  sans  faire  des  mesures  que  la  repartition  des  lignes  des  deux 
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apectres  e«t  1a  m^me.  Dant  le  speetre  cathodiqiie  voos  Toyas  one  ligne  Mses  forte 
dont  la  longueur  d*oiide  ett  de  817  m.  environ.  Cette  ligne  ne  ee  trouye  pas  dana 
le  ipeetre  de  Taurore  polaire.  Maia  dans  lliiTer  1900-1901  M.  la  Coor,  qui  a  hit 
toat38  lee  photomphiea  spectralea  en  lalande,  a  troa?6  oette  ligne  pendant  im 
a^jour  en  Finlande. 

Le  apeetre  que  j*ai  I'bonneur  de  toub  avoir  montr^  n*eet  pas  le  spectre  complei 
de  Taurore ;  nous  n'avons  pas  pu  photographier  dea  llgnes  dans  la  partie  dea  spectres 
dont  la  longueur  d*onde  est  situd  entre  X  =  557  m.  et  X  -  470  m.  La  nature  de  la 
ligne  principale  d' Angstrom  a  4t4  inconnu  jusqu*^  oe  dernier  temps.  Vous  saves 
que  M.  le  professeur  Kamsaj,  qui  a  d^couvert  loi-m^me  le  crjfpton,  a  consUt6 
qu'une  des  lignes  de  cet  air  coincide  parfaitement  avec  la  ligne  d*Angstr5m. 


7.  Discuision  an  Kile  Obseri>ation$  continued. 


8.  Diurnal  Range  of  the  Summer  Temperature  of  the  Levant, 
By  Alexandeb  Buchan,  LL.D,,  F.E.S.,  F.R.S.E. 

One  of  the  best  portions  of  the  sea  in  which  the  effects  of  insoiation  and 
nocturnal  radiation  on  the  temperature  can  be  most  satisfactorily  investigated  is 
the  Levant  during  the  summer  months,  it  being  tbere  and  then  that  the  dnr  is 
cloudless,  or  all  but  cloudless,  the  air  very  dry,  with  little  or  no  rain,  and  calms 
or  light  winds  prevalent,  from  approximately  the  same  direction. 

It  was  under  such  favourable  conditions  that  the  four  magni6oent  series  of 
serial  temperatures  were  made  in  the  summers  of  1890,  1891,  1892,  and  188S 
respectively,  by  the  Austrian  ship '  Pola,'  in  the  eastern  half  of  the  Mediterranean, 
at  various  depths  from  the  surface  of  the  sea  to  the  bottom.  These  have  been 
published  in  extento,  together  with  the  rest  of  the  ^^^P^^^  work  carried  oat  by 
the  '  Pola,'  in  the  '  Transactions  of  the  Lnperial  Academy  of  Sciences  of  Vienna.' 

The  thermometers  and  the  other  instruments  used  for  salinity,  colour  of  aea, 
&c.,  were  the  best  that  could  be  procured,  and  nothing  but  the  highest  praise  can 
be  passed  on  the  methods  employed  and  the  skill  with  which  the  oMervadons  were 
carried  out  and  printed. 

With  the  temperature  observations  are  also  published  the  hours  of  the  day  at 
which  they  were  taken,  and  at  the  same  time  the  temperature  and  raessure  of  the 
air,  the  amount  of  cloud,  and  the  direction  and  force  of  the  wind«  Hence  a  novel 
and  notable  addition  to  science  accompanies  these  observations,  viz.  the  time  of 
day  at  which  they  were  made.  In  truth  this  obeervation  of  time  invariably 
recorded  throughout  the  four  summers  presents  us  with  the  means  of  arriving,  for 
the  first  time,  at  a  knowledge  of  the  depth  to  which  the  sun's  heat  |>enetratee  so 
as  to  affect  the  temperature  of  the  water,  and  also  the  amount  of  daily  variation 
brought  about  at  different  depths  up  to  the  surface  by  solar  and  nocturnal 
radiation. 

To  carry  this  out  two  tables  were  constructed.  One  table  showed  the  observa- 
tions made  at  those  hours  of  the  day  which  may  be  regarded  as  showing  the  effect 
of  insolation,  and  the  table  for  tne  observations  at  the  hours  which  may  be 
regarded  as  showing  the  effect  of  nocturnal  radiation.  The  hours  for  insolation 
were  from  2  to  6  p.m.,  and  the  hours  for  nocturnal  radiation  in  the  morning  till 
9  A.K.,  the  mean  time  of  the  fifty  days  for  insolation  being  from  3.14  to 
4.30  P.M.,  and  of  the  fifty  days  for  nocturnal  radiation  being  from  6.30  to 
7.45  P.M.  In  any  one  of  these  100  cases  the  least  depth  of  the  sea  at  the  place 
where  the  serial  temperatures  were  recorded  was  419  metres,  but  genendly  the 
depth  much  exceeded  this  figure,  the  depth  in  any  case  being  4,400  metres. 

For  the  fifty  p.m.  observations  the  mean  position  was  35°  29'  lat.  N.  and 
26°  24'  long.  E.;  and  for  the  fifty  a.m.  observations  35°  85'  lat.  N.  and 
26°  31'  long.  E.  Hence  the  geographical  positions  were  virtually  identical,  and 
on  no  particular  day  was  there  any  material  difference  between  the  two  podticMis. 
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The  following  are  the  mean  meteorological  observations  for  the  days  of  the  two 
sets  of  serial  observations  respectively : 

VM,  A.M. 

Mean  temperature  of  air  (F.)    ....      82*3 
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»>        »»  *•  "'. 

M  .,  n  N.W. 

tt        ft  »t         Calms 

The  temperature  of  the  air  at  the  time  of  the  afternoon  observations  was  82^*8, 
and  in  the  morning  78^*4,  the  difference,  about  4^*0  higher^  being  nearly  the 
average  difference  at  these  times  of  the  day  of  the  temperature  of  the  air  over  the 
ocean  where  the  climate  is  similar.  The  amount  of  cloud  in  the  morning  and 
evening  is  virtually  the  same,  and  indicates  that  the  observations  were  taken 
under  a  sky  having  only  a  sixth  part  covered  with  cloud.  Hie  force  of  the  wind 
was  also  nearly  the  same,  the  mean  force  being  just  a  little  over  2  on  the  scale  of 
0-12,  or,  say,  a  H^ht  breeze,  blowiofi^  at  the  rate  of  fourteen  miles  an  hour.  As 
regards  the  direction  of  the  wind,  ooservations  show  that  nearly  the  whole  of  the 
winds  at  this  season  are  west-north-westerlv. 

The  following  figures,  showing  the  depths  in  feet  and  the  temperatures 
(Fahr.),  present  the  results  of  this  inquiry  in  their  simplest  form : — 


Depth  of  Sea. 
Feet 

ObBervalions 

Difference 

Morning 

Evening 

0  (or  surface) 

3 

7 

16 

33 

66 

98 

164 

259 

328 

0 

77-4 
77-2 
771 
76-8 
76-5 
76-0 
71-6 
66-6 
62-6 
60-6 

78*^8 
78-6 
78-4 
781 
77-4 
75  5 
71-9 
66-4 
62-6 
60-6 

o 

1-4 
1-4 
1-3 
13 
0-9 
0-6 
0-3 
-01 
00 
00 

Hence  in  the  summer  months  the  sun's  heat  penetrates  to  a  depth  of  about 
160  feet.  At  the  surface  the  temperature  in  the  afternoon  is  1*'*4  higher  than  in 
the  morning,  and  this  difference  virtually  holds  to  a  depth  of  16  feet.  At  lower 
depths  it  gradually  lessens  to  0^9  at  33  feet ;  (f'6  at  66  feet ;  (fS  at  98  feet ;  and 
yanishes  at  about  150  feet.  Next  morning  the  temperature  is  lowered  to  what  it 
was  in  the  preceding  morning,  and  so  on  from  day  to  day,  the  loss  during  the  m'ght 
being  compensated  oy  an  increase  of  temperature  on  the  foUowing  day  equal, 
depth  by  depth,  to  the  loss  during  the  night  Thus  at  each  depth  the  gain  of  tem- 
perature from  solar  radiation  is  equal  to  the  loss  sustained  by  nocturnal  radiation. 


9.  Progress  ofihs  Ifagnetic  Siurvey  of  the  United  States. 
By  L.  A.  Bauer. 

In  1899  it  was  my  privilege  to  lay  before  this  Association  the  plan,  in  accord- 
ance with  which  a  detailed  and  systematic  survey  of  the  United  States  had  just 
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been  inaugurated.  This  plan,  in  brief,  was  to  first  make  a  general  sanrer  with 
stations  about  25-80  ndlee  distant  from  one  another,  and  to  occupy  about  400-600 
stations  a  year.  After  the  general  survey  had  been  completed,  additional  atatioos 
were  to  be  placed  in  the  locally  or  regionally  disturbed  areas  developed  by  the 
general  survey.  On  the  average  there  was  to  be  a  '  repeat '  station  for  an  area  of 
ten  stations.  A  period  of  ten  to  fifteen  years  was  expected  to  be  conaomed  in 
the  general  survey.  The  area  to  be  surveyed,  not  counting  the  adjacent  aeasy 
embraces  one-fifteenth  of  the  entire  land  area  of  the  globe,  or  an  area  eqoal  to 
that  of  Europe. 

Up  to  June  of  the  present  year  nearly  one-third  of  the  total  number  of  atatioiie 
contemplated  for  the  general  survey,  viz.  about  1,250  stations,  have  been  compl^sd. 
Five  magnetic  observatories  have  been  established — Cheltenham  (Maryland),  Bald- 
win (Kansas),  Sitka  (Alaska),  Honolulu  (Hawaiian  Islands),  and  Vieques  laland 
(Porto  Rico).  A  sixth  is  contemplated  for  the  north-western  part  of  the  United 
States.  In  addition,  a  varie^  of  miscellaneous  preliminary  investigations  relatii^ 
to  methods  of  work  and  reduction  and  the  standardisation  of  instruments  have 
been  made,  and  several  publications  have  been  issued.  Durinj^^  this  year  magnetic 
work  at  sea  has  been  commenced  on  board  the  vessels  oi  the  Coast  Surv^. 
The  reduction  of  the  field  work  has  been  kept  apace  with  the  observational  work, 
so  that  the  results  obtained  during  any  one  year  are  published  within  a  few 
months  after  the  close  of  the  year. 

With  the  successful  completion  of  the  arduous  initial  work  attendant  upon 
the  inauguration  of  so  vast  a  ms^etic  survey,  and  the  systematisation  of  the 
various  operations  in  the  field  and  in  the  office,  and  having  trained  the  necessary 
observers,  we  may  look  forward  to  the  continuation  of  the  work  with  even  ffreater 
rapidity  than  Uiat  of  the  past  four  years,  and  it  is  confidently  believed  that  Uie 
general  magnetic  survey  will  be  completed  at  about  the  close  of  the  present 
decade. 

I  shall  ag^  express  the  hope  that  Canada  may  soon  be  able  to  follow  the 
example  of  the  United  States. 

The  chart  exhibited  shows  the  number  and  positions  of  the  magnetic  stations 
in  the  United  States  up  to  June  SO,  1903. 


10.  The  Earth's  Total  Magnetic  Energy.^     By  L.  A.  Bauer. 


WEDNESDAY,  SEPTEMBER  16. 

The  following  Papers  and  Report  were  read : — 

1.  A  Probable  BekUionahip  between  the  Solar  Prominences  and  Corona. 
By  William  J.  S.  Lockyer,  M.A.,  Ph.D.,  F.B.A.S. 

This  Paper  has  already  appeared  in  the  '  Monthly  Notices  of  the  Royal  Astro- 
nomical Society '  (vol.  Ixiii.  No.  8, 1903).  The  object  of  the  investigation  is  to 
suggest  that  the  different  forms* of  the  corona  are  intimately  connect  with  the 
latitudes  of  the  prominences.  A  summary  of  the  conclusions  arrived  at  is  as 
follows : — 

1.  The  '  forms '  of  coronas  may  be  grouped  generally  into  three  clasaos,  hers 
named  *  polar,'  <  intermediate/  and '  equatoriaV  according  as  the  streamers  appear 
near  the  solar  poles,  in  mid-latitudes,  or  about  each  side  of  the  equator. 

2.  The  sequence  of  these  forms,  if  sufficient  nombers  of  eclipses  occurred, 
should  be  equatorial,  intermediate  polar,  intermediate  equatorial,  &c. 

3.  The  various  forms  of  the  corona  are  closely  connected  with  the  poeitiou 
(as  regards  latitude)  of  the  centres  of  action  of  the  solar  prominences. 

t  Published  in  full  In  Jhrrestrial  MagnetiBm,  September  1903. 
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4.  The  coroD«8  of  the  ^  polar '  or  '  irregular '  type  occur  ahout  the  times  when 
the  prominences  are  most  ahimdant  near  the  solar  poles. 

5.  The '  equatorial '  coronas  when  there  is  one  centre  of  prominence  action 
(about  latitude  ±  45^  in  each  hemisphere. 

6.  The  ^  intermediate '  type  is  produced  by  two  centres  of  prominence  action 
in  each  henusphere,  but  neither  centres  near  the  poles. 

7«  The  peculiar  '  arched '  fonn  of  some  streamers  is  produced  by  the  action 
of  two  zones  of  prominences  situated  near  the  extremities  of  their  base. 

8.  Sun-spot  activity  has  apparently  no  direct  connection  with  the  production 
of  the  coronal  streamers. 


Report  on  Meteorological  Observations  on  Ben  Nevis, 
See  Beports,  p.  56. 


3.  Electrical  Self-recording  Instruments, 
By  Professor  H.  L.  Callendar,  F,R,S, 


4.  Effect  of  Meteorological  Conditions  upon  Audibility. 
By  A.  Lawbbncb  Rotch,  B.S.^  M,A. 

Notwithstanding  previous  investigations  on  this  subject,  the  opportunity  to 
determine  the  variame  influence  of  a  stratum  of  ur  600  feet  thick,  having  a 
meteorological  station  at  the  bottom  and  the  Blue  Hill  Obeervatorv  at  the  top, 
caused  the  writer  to  institute  daily  observations  of  audibilitv  during  tne  year  1901. 

The  source  of  sound  employed  was  a  steam  whistle,  diistant  2*7  miles  on  the 

glain^  which  was  blown  twice  a  day,  and  the  intensity  of  the  sound  at  the 
bservatory  estimated  on  a  four-part  scale. 
The  oliservations  were  discussed  on  the  hypothesis  that  variations  in  the 
intensity  of  sound  are  caused  by  vertical  differences  in  wind-velocity  or  in  tem- 
perature and  moisture.  It  is  found  that  differences  of  temperature  and  relative 
humidity  between  the  two  stations  had  no  appreciable  effect  on  the  audibility,  but 
that  the  variations  observed  in  it  could  be  explained  by  the  action  of  winds 
increasing  in  velocity  with  altitude  at  a  known  rate,  which  tilted  the  sound-wave 
over  the  Observatory  when  the  wind  was  onposed  to  the  sound,  and  kept  it  from 
risinff  high  above  the  ground  when  the  wind  Diew  from  the  source  of  sound.  Nearly 
equal  audibility  was  found  for  winds  blowing  at  right  angles  to  the  above,  a 
phenomenon  that  was  explained  by  the  late  Sir  G.  G.  Stokes  to  the  British 
Association  in  1857. 

Measurements  of  the  velocity  of  the  sound,  corrected  for  the  temperature  of 
the  air,  showed  an  acceleration  in  winds  blowing  from  the  whistie  to  the  observer 
which  approximately  equ^ed  the  known  speed  of  the  air  stratum.  This  investiga- 
tion will  be  published  in  the  '  Annals  of  the  Astronomical  Observatory  of  Harvard 
College,'  vol.  xliii.  Part.  IH. 

5.  On  some  Rainfall  Problems.    By  Hugh  Bobbrt  Mill,  D.Sc.^  LL,D. 

In  attempting  to  ascertain  the  distribution  of  mean  rainfall  over  a  large  area  it  is 
neceseaiy  to  make  allowance  for  the  unequal  height  of  the  receiving  surface  of  the 
rain-gauges  above  the  ground,  for  the  irregular  distribution  of  rain-gauges  over  the 
country,  and  for  the  afferent  lengths  of  the  records  from  the  various  stations. 
When  the  object  is  to  ascertain  the  distribution  of  rainfall  for  anv  given  day  or 
month,  the  hour  of  reading  the  rain-gauge  and  the  method  of  entering  the 
result  have  to  be  ascertained^  and  varying  methods  adjusted  to  a  common  standard. 
The  determination  of  the  distribution  of  rain£dl  for  a  given  year  involves  less 
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tmcertaintj,  as  any  difference  of  hours  of  reading  or  date  of  entering  is  proporfcicMi- 
allj  smaller. 

In  the  special  case  of  charting  the  annual  rainfall  of  the  British  Isles  for  a 
giyen  year  the  most  serious  difficmtr  is  the  ahsence  of  obeerTations  from  certain 
areas ;  in  charting  the  mean  rainfall  the  farther  difficulty  is  superadded  of  the  un- 
equal duration  of  the  records.  Various  methods  of  overcoming  these  difficultisB 
are  put  forward,  and  ma^  exhibited  showing  the  distribution  of  rain-obserring 
stations  at  work  in  1902  m  England  and  Wales,  Scotland  and  Ireland. 
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Skotion  B.— chemistry. 

President  of  the  Section— Professor  Walter  Noel  Hartlet,  D.Sc, 

F.R.8.,  F.R.S.E. 


THURSDAY,  SEPTEMBER  10. 
The  President  delivered  the  following  Address : — 

The  ofttimes  laborious  method  of  investigating  the  relationship  of  substances  by 
ascertaining  how  one  form  of  matter  can  operate  upon  another,  in  other  words  by 
chemical  reactions,  has  of  late  been  supplemented  by  the  examination  of  their  phy- 
sical properties,  and  has  been  extended  to  compounds,  both  organic  and  inorgamc. 
In  several  directions  this  has  led  to  results  of  very  uncommon  interest.  Accordingly 
I  propose  to  offer  a  brief  account  of  twenty-five  years'  experimental  work  in  that 
bnmch  of  chemical  physics  which  deals  with  the  emission  and  absorption  of  rays 
of  measurable  wave-length,  and  to  review  its  present  position  chiefly  in  relation 
to  the  theory  of  chemistry,  indicating  where  it  may  be  usefully  and  profitably 
extended. 

According  to  Dav^,^  Hitter  observed  chemical  action  on  moist  chloride  of 
silver  to  be  difierent  in  different  parts  of  the  spectrum,  slight  in  the  red,  greater 
towards  the  violet,  and  extending  into  a  space  beyond  the  violet  where  there  is  no 
sensible  lighter  heat.  Wollaston  discovered  that  chemical  action  was  exerted  by 
refracted  rays  in  a  region  where  they  were  of  a  higher  refrangibility  than  any  rays 
that  were  visible.  Young  showed  that  the  invisible  rays  are  liable  to  the  same 
affections  as  visible  rays.  Hence  we  have  the  beginnings  of  ^ctrum  analysis  in 
its  chemical  relations  to  terrestrial  matter,  in  &e  infra-red,  the  visible,  and  the 
ultra-violet  regions. 

Everyone  is  more  or  less  familiar  with  the  subject  of  spectrum  analysis.  This 
was  defined  by  Tait  as  an  optical  method  of  making  a  diagnosis  of  the  chemical 
composition  of  either  (a)  a  self-luminous  body,  or  {h)  an  absorbing  medium, 
whether  self-luminous  or  not.  It  has  now  become  necessary  to  enlarge  this  defi- 
nition, and  I  would  suggest  that  it  is  the  study  of  the  composition  and  the  con- 
stitution of  matter  by  means  of  radiant  energv,  and  recording  in  the  order  of  their 
TefrangiMlities  the  rays  emitted  and  absorbra  by  matter.  By  this  modified  state- 
ment Uie  infra-red  or  so-called '  invisible  heat  rays,'  the  visible  or  *  colour  rays,' and 
the  ultra-violet  or  <  chemical  rays  *  are  included. 

Spectra  are  of  two  kinds,  emission  and  absorption  spectra.  It  will  be  conve- 
nient if  the  latter  are  considered  first. 

Absorption  Spectra. 

The  InfrcL-red  Region, 

Abney  (1880)  by  the  preparation  of  a  particularly  sensitive  form  of  collodion 
emulsion  containing  ulver  bromide  was  successful  in  obtaining  very  extraordinary 
lesnlts.  Such  films  as  he  prepared  were  so  sensitive  to  invisible  radiations  of 
long  wave-lMigth  as  to  be  capable  of  forming  a  representation  of  even  a  kettle  of 

1  Chemical  PkUetophy,  vol.  i.  1812,  p.  211. 
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boiling  wftter,  staDding  in  an  absolutely  dark  roont.  This  picture  could  not  of 
courfie  be  properly  referred  to  as  a  photograph,  though  the  process  by  which  it  was 
obtained  was  such  as  we  are  accustomed  to  term  a  photographic  process.  It  may  with 
greater  propriety  be  termed  an  actinograph,  the  result  not  of  light,  but  of  dark  rajs. 
The  least  refrangible  of  the  Tisible  rays  bes  about  waTe-length  7,800  ten-milUontlis 
of  a  millimetre,  or  Angstrom  units ;  but  these  rays  extend  as  far  as  waT^leBg^i 
12,000,  while  Becquerel  has  measured  lines  in  tbie  spectra  of  metals  of  as  low  a 
re&angibility  as  wave-length  18,000. 

Abney  and  Festing  (1881)  investigated  the  influence  of  atomic  ^oupinga  in  the 
n^olecules  of  organic  substances  by  measuring  their  absorption  in  the  infra-red 
region  of  the  spectrum. 

They  studied  such  simply  constituted  substances  as  water,  hydrochloric  acid, 
chloroform,  carbon  tetrachloride,  and  cyanogen,  besides  many  hydrocarbons  with 
their  hydroxyl,  haloid,  and  carboxyl  derivatives.  Characteristic  groups  of  lineB  or 
verv  narrow  bands  were  observed  in  carbon  compounds,  but  they  are  absent  £nom 
carbon  compounds,  containing  no  hydrogen,  and  do  not  all  appear  in  some  of  the 
hydrogen  compounds.  The  tacts  observed  led  to  the  conclusion  that  they  belonged 
to  hydrogen,  but  are  subject  to  some  occasional  modifications.  Oxygen  in  hydroxy], 
for  instance,  modifies  two  of  the  lines,  since  it  obliterates  by  alworption  the  rays 
which  lie  between  them.  Oxygen  in  aldehyde,  or  when  it  fonns  part  of  the  carbon 
nucleus  of  some  such  compound,  presents  bands  which  are  bounded  by  well-defined 
lines,  or  are  inclined  to  be  linear.  These  appear  to  be  characteristic  banda  indi- 
cating the  carbon  nucleus  of  a  series  of  substances.  Alkyl  radicals,  such  as  ethyl, 
exhibit  absorntion  bands,  and  £0  does  the  benzene  nucleus.  It  is  a  remarkable 
&ot  that  banos  appear  in  the  solar  spectrum  whieh  correspond  with  those  of  ben* 
zene(1881). 

Julius  (1893)  has  investigated  the  absorption  in  the  infra-red  caused  by  many 
carbon  compounds  by  means  of  the  bolometer,  combined  with  a  prism,  and  also 
vrith  a  diflraction  grating.  He  showed  that  the  molecules  of  compound  substances 
absorbed  the  rays  which  were  emitted  at  the  time  of  their  formation.  Thus,  to  take 
the  simplest  case,  the  emission  spectrum  of  hydrogen  burning  in  air  corresponds 
with  the  absorption  bands  of  water  vapour,  that  is  to  say,  the  absorption  spectm 
of  the  compounds  are  the  counterpart  of  the  emission  spectra  of  the  names  wluch 
yield  these  compounds  during  combustion.  The  emission  spectrum  of  carbon 
dioxide  is  found  m  the  spectrum  of  burning  carbon  monoude,  cyanogen,  methaney 
and  carbon  disulphide ;  and  that  of  water-vapour  in  various  bydrcKarbons.  As 
early  as  1888  Juhus,  in  an  Inaugural  Dissertation,  quoting  Tyndall,  recognised  that 
the  absorption  and  emission  ofrays  measured  with  the  thermopile  were  manifee- 
tations  of  the  molecular  vibrations. 

The  various  absorption  spectra  examined  incladed  those  of  the  alcohols,  such 
as  isonentylic,  isobutylic,  normal  butylic,  pronylic,  ethylic,  and  methylic,  as  well 
as  hyarocarbons,  chloroform,  and  benzene.  The  study  of  the  maxima  of  radiatioQ 
and  the  maxima  of  absorption  ofiers  us  a  means  of  arriving  at  a  knowledge  of  a  series 
of  new  and  valuable  physical  constants,  namely,  the  vibration  periods  <£aracteri8tis 
of  the  molecules.  (Tyndall  discussed  this  subject  in  his  usually  luminous  style  cm 
pages  391  to  402  of  his  work  '  Heat  as  a  Mode  of  Motion.') 

Poccianti  (1900)  has  examined  the  infra-red  absorption  spectra  of  liquids,  in* 
eluding  aromatic  compounds  and  alkyl  derivatives,  while  Donath  has  examined  in 
the  same  region  vanous  essential  oils.  Carbon  combined  with  hydrc^n  shows 
a  maximum  of  absorption  with  a  wave-length  about  (1*71  fi  mm.)  17,100  Angstr&n 
units. 

Benzene  and  pyridine  have  two  other  maxima  of  absorption  in  common.  The 
alcohols  have  yeiy  similar  maxima  of  absorption  at  wave-length  21,000. 

The  three  isomeric  xylenes  show  absorption  spectra  which  are  almost  identical. 
At  or  about  wave-length  28,200  another  maximum  of  absorption  is  shown. 

Julius  refers  to  Langley's  observation  that  at  a  wave4ength  of  27,000  there  is 
an  abrupt  termination  to  the  solar  spectrum,  probably  causea  by  the  water  vaponr 
in  the  atmosphere ;  but  a  band  extends  to  273,000,  and  at  no  very  igreat  elevation 
above  the  earth's  surface  there  are  rays  with  a  wave-length  of  46,700  Angstrom 
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units.  All  radiations  of  longer  wave-length — and  Julius  has  measured  down  ta 
149fi00  Angstrdm  units— are  likelj  to  he  ahsorhed  hy  the  carhon  dioxide  in  the 
atmosphere. 

The  ViMle  Rays  or  CoUywr  Region. 

J.  L.  Schonn  (1879)  examined  the  ahsorption  spectra  of  suhstances  usually 
considered  to  he  colourless  in  layers  from  1*6  to  8*7  metres  in  thickness  and 
ohserved  narrow  hands  in  the  spectra  of  methyl,  ethyl,  and  amyl  alcohol,  lying  in 
the  red,  orange,  and  yellow ;  methyl  alcohol  showed  two  hands,  ethyl  and  amyl 
alcohol  each  three.  Gerard  Kriiss  (1888)  calculated  the  wave-lengths  of  these 
hands,  and  it  appears  that  the  higher  members  of  the  homologous  series  have  the 
hands  displaced  towards  the  red  end  of  the  s])ectrum.  Russell  and  Lapraik  (1879) 
made  similar  ohservatioDS  on  columns  of  liquid  from  two  to  eight  feet  in  length. 
All  the  suhstances  gave  wdl-defined  ahsorption  hands  lying  hetween  wave-lengtha 
6,000  and  7,000. 

The  hands  of  the  different  substances  differed  altogether  from  the  hands  of 
water.  Alcohols  give  a  huid  which  is  similar  in  different  alcohols,  hut  the  higher 
the  alcohol  stands  in  the  homologous  series,  that  is  to  say,  the  larger  the  number 
of  carbon  atoms  it  contains,  the  nearer  is  the  band  to  the  red  end  of  the  spectrum 
(1881). 

It  was  definitely  established  that  for  each  CH^  introduced  into  a  molecule  of 
ammonia  or  benzene  there  is  a  shifting  of  the  absorption  bands  towards  the  red 
end  of  the  spectrum. 

It  will,  of  course,  be  understood  that  the  liquids  examined  were  perfectly 
colourless  in  the  ordinary  acceptadon  of  the  term ;  and  that  they  appear  so  is 
owing  to  the  bands  of  absorption  being  very  narrow,  so  that  the  percentage  of 
luminous  rays  withdrawn  by  absorption  is  but  a  very  small  fraction  of  the  whole 
spectrum  emitted  by  a  source  of  light  when  viewed  under  ordinary  conditions. 

Numerous  observations  were  made  by  Melde,  Burner,  Magnus,  H.  W.  Vogel, 
and  Landauer  (1876-78),  which  showed  that  changes  in  the  absorption  spectra  of 
solutions  are  partly  physical  and  partly  chemical,' that  is  to  say,  they  are  caused 

S  changes  in  the  constitution  of  the  solution.  Yo^l  mentions  cases  where  no 
emical  change  was  believed  to  take  place,  as,  for  instance,  where  naphthalene 
red  shows  different  spectra  according  to  whether  it  is  dissolved  in  alcohol;  water, 
resin,  or  is  solid  or  used  to  colour  paper  (1878). 

lliis  points  to  some  difference  in  the  constitution  of  the  solution.  A  well- 
known  instance  is  that  of  iodine  in  alcohol,  chloroform,  or  carbon  disulphide. 

It  must  be  observed  that  Vogel's  work  referred  merely  to  phenomena  observable 
in  the  visible  spectrum,  to  small  thicknesses  of  the  absorbing  medium,  and  was 
not  applied  quantitatively.  Two  solutions  may  give  spectra  which  are  apparently 
identical  at  one  concentration,  but  spectra  quite  different  when  submitted  to 
vazying  degrees  of  dilution. 

In  order  to  ascertain  in  what  way  absorption  spectra  are  related  to  the 
chemical  constituticMi  of  organic  substances,  it  is  necessary  to  examine  a  wider 
range  of  spectrum  than  that  included  in  the  merely  visible  region,  and  this  may 
be  done  by  extending  the  observations  into  the  ultra-violet. 

The  Ultra-violet  Region. 

Stakes  in  preparing  his  experiments  for  a  Friday  evening  discourse  at  the 
Royal  Institntion  observed  that  the  spectrum  of  electric  light  when  a  prism  and 
lenses  of  quarts  were  used  extended  no  less  than  six  or  eight  times  the  length  of 
the  visible  spectrum.  In  1862  he  studied  the  ultra-violet  spectra  of  naetals  and 
executed  drawings  of  the  lines  exhibited  by  aluminium,  zinc,  and  cadmium.  He 
discovered  the  &ot  that  certain  solutions  show  light  and  dark  bands  in  the 
spectrum  of  rays  transmitted  by  them,  the  solutions  being  colourless ;  the  bands 
are  invisible  unless  they  fall  on  a  fluorescent  screen.    It  was  under  such  conditions 
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tliat  they  eibibited  light  and  darkness.  The  screen  used  was  of  planter  of  Para 
saturated  with  a  fluorescent  substance,  such  as  uranium  phosphate. 

William  Allen  Miller  in  1863,  simultaneously  with  Stokes,  described  his  method 
of  examining  the  photopaphic  transparency  of  various  saline  solutions  and  oiganie 
substances  and  of  depicting  metallic  spectra.  A  sensitised  photographic  plate 
was  used  for  the  reception  of  the  rays  of  the  spectrum,  so  that  they  were  made  to 
register  their  own  position  and  intensity.  L.  Soret  iuTcnted  the  fluoieeceot 
eyepiece  for  the  nuiqpose  of  investigating  the  ultra-violet  ra^s  and  ascertained  the 
best  media  for  the  transmission  of  rays  of  high  refrangibility.  ColonrlesB  fluor- 
spar, a  rare  mineral,  was  found  to  answer  best,  and  quarts  lenses  were  acliramatiiied 
with  this.  Iceland  spar  was  found  to  absorb  some  of  the  more  refrangible  rayi, 
and  a  pure  spectrum  was  difficult  to  obtain  with  quartz  prisms  owing  to  double 
re&action,  which  caused  the  lines  in  metallic  spectra  to  be  duplicated.  Struck  hj 
the  fiict  that  Miller  had  examined  many  organic  substances  without  obtainii^ 
evidence  of  a  connection  between  their  constitution  and  their  absorption  spectra — 
the  actual  words  used  by  Miller  were, '  I  have  not  been  able  to  trace  any  special 
connection  between  the  chemical  complexity  of  a  substance  and  its  diactinic 
power" — it  appeared  to  me  desirable  Uiat  this  point  should  be  mtematicaDy 
reinvesti^ted.  L.  Soret  had  alreadjr  proceeded  with  work  in  this  directioB, 
bv  examining  and  drawing  a  great  variety  of  organic  substances  and  diagrams  of 
absorption  curves.  But  it  was  deemed  necessary  to  make  a  large  number  of  exa- 
minations of  substances  of  a  comparatively  simple  constitution,  and  according  to 
theory  closely  related,  and  afterwards  gradually  to  proceed  to  the  study  of  substances 
of  greater  complexity.  For  such  purposes  a  photographic  method  alone  appeared 
a  practicable  one,  particularly  when  comparisons  had  to  be  made  between  sab- 
stances  observed  at  different  times,  for  the  reason  that  none  but  photographic 
records  could  be  absolutely  relied  upon  and  stored  away  for  future  reference.' 

The  plan  of  the  proposed  investigation  was  to  photo^ph  the  rays  transmitted 
by  molecular  proportions  of  hydrocarbons,  alcohols,  acids,  and  esters,  either  alone 
as  vapour  or  liqmd,  or  dissolved  in  some  neutral  and,  in  comparison  with  the  sub- 
stances to  be  examined,  an  optically  non-absorbent  solvent. 

*  Joum.  Ckem,  Soo,  vol.  xi.  p.  68. 

*  Clerk  Maxwell  had  calculated  for  Miller  the  best  focal  length  of  lenses  of 
quartz  which  would  give  an  approximately  flat  field.  His  computation  made  this 
something  over  a  length  of  three  feet.  All  Miller*8  photographs  were  taken  with  the 
plate  placed  normal  to  the  axis  of  the  lens,  but  Stokes  had  shown  that  the  locos  of 
the  foci  of  the  different  rays  formed  an  are  of  a  curve  or  nearly  a  straight  line, 
lying  very  obliquely  to  the  axes  of  the  pencils  ooming  through  the  lens. 

It  was  obvious  from  Miller *s  photographs  that  only  one  or  two  rays  on  each  i^ate 
were  even  approximately  in  focus.  To  obtain  spectra  in  focus  from  end  to  ^id  it 
was  evidently  necessary  to  incline  the  plate  so  that  the  end  upon  which  the  red  rays 
would  fall,  which  are  of  longest  wave-length*  should  be  farther  off  than  that  upon 
which  the  ultra-violet  fall  which  are  of  shortest  wave  length.  It  was  also  found 
experimentally  that  lenses  of  much  shorter  focal  length  (ten  or  twelve  inches)  oeold 
be  u«ed,  giving  perfect  definition,  and,  what  is  still  more  important,  it  was  found  a 
positive  advantage  not  to  have  tbem  corrected  by  fiuor-spar  or  caldte.  The  plate 
carrier  was  adjusted  at  an  inclination  of  approximately  22^  to  the  normal ;  in  such  a 
position  the  rays  from  the  yellow  sodium  line  to  the  extreme  ultra-violet  of  the 
spark  spectrum  of  cadmium  were  simultaneously  in  focus  on  a  plane  surface. 

The  prism  was  of  quarts  cut  on  Comu's  plan,  the  method  of  construction  designed 
to  get  rid  of  all  double  refraction  being  communicated  to  me  by  M.  Comu  in  a  very 
kindly  written  letter.  The  first  instrument  was  oonstmcted  in  1878  and  the 
description  of  it  published  in  1881.  It  has  been  the  model  for  several  others.  One 
with  two  prisms  and  lenses  of  12  inches  focus  was  exhibited  by  me  in  the  Inventions 
Exhibition  in  1882.  At  the  Jubilee  meeting  of  the  British  Association  at  York  the 
spark  spectra  of  iron,  cobalt,  and  nickel,  enlarged  to  twenty-flve  diameters  and 
printed  by  the  Autotype  Ck>mpany,  were  exhibited.  They  are  over  eight  feet  in 
length,  and  have  proved  very  useful  for  reference.  The  photographic  process  is  a 
point  of  great  importance ;  the  then  newly  invented  gelatine  bromide  films  made  by 
Kennet  were  alone  quite  suitable. 
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It  was  considered  that  the  metameric  esters  would  afford  much  information  if 
«  suffident  number  of  them  were  examined  and  their  spectra  compared,  and  if  the 
acids  themself  es  were  not  responsive  the  sodium  and  potassium  salts  in  solution 
would  serve  the  purpose,  since  the  alkalies  did  not  affect  the  spectrum.  The 
ffeneral  deductions  (1^9)  are  now  well  known,  but  two  points  not  generally  taken 
mto  account  were  well  established.  First,  the  extraordinary  delicacy  of  the  ultra- 
violet spectrum  in  detecting  traces  of  impurities.  For  instance,  pyridine,  an 
inyariabfe  impurity  in  commercial  ammonia,  is  present  in  the  proportion  of  about 
^nf^T^th.  It  was  proved  that  the  absorption  spectra  of  the  ncNrmal  paraffins 
prepared  with  the  greatest  care  by  Schorlemmer  contained  traces  of  impurities 
-which  could  not  be  separated.  Secondly,  some  of  the  normal  alcohols  could  not 
be  rendered  pure  by  the  ordinary  methods  employed,  and  great  care  was  necessary 
in  their  preparation.  It  may  well  be  asked  that,  if  such  were  the  case,  upon  what 
grounds  was  it  concluded  that  impurities  were  present  F  How  was  it  possible  to 
distinguish  between  a  normal  and  an  abnormal  absorption  spectrum  when  no 
standards  of  comparison  existed  F  It  may  be  of  interest  if  this  question  be  now 
answered,  as  no  adequate  account  of  it  has  been  made  public.  All  the  substances 
in  any  one  homologous  series  were  shown  to  vary  in  the  extent  to  which  the  rays 
At  the  more  refrangible  end  of  the  spectrum  were  absorbed,  and  the  different  terms 
of  the  series  differ  solely  by  the  number  of  CH,  groups  in  the  molecule ;  and  the 
greater  the  number  of  these  the  greater  the  absorption.  The  extent  of  the 
absorption  should  be  proportional  to  the  molecular  weight  of  the  substance. 
Accordingly  if  repeatedly  purifying  and  fractionally  distilling  a  considerable 
quantity  of  material  fSidled  to  five  spectra  which  were  constant  and  identical, 
but  gave  instead  spectra  which  were  variable,  even  in  a  slight  degree,  it  was 
evident  that  the  absorption  due  to  the  molecule  of  the  substance  was  interfered 
vdth  by  some  impurity. 

When,  however,  it  became  evident  that  successive  quantities  of  methylic 
alcohol,  for  example,  prepared  in  a  certain  manner  yielded  spectra  which  were 
practically  identical  under  different  conditions,  such  as  thickness  of  liquid,  and 
that  they  differed  but  slightly  from  that  of  pure  water  after  the  type  of  which  the 
alcohol  IS  constituted,  the  conclusion  was  inevitable  that  we  were  dealing  vrith  a 
pure  preparation.  In  short,  the  longest  spectrum  obtained  under  all  circumstances 
and  under  every  reasonable  condition  could  not  possibly  be  the  result  of  accident, 
more  particularly  if  it  could  be  repeatedly  obtained  from  different  specimens  of  the 
same  substance.  The  same  reasoning  applies  to  the  acids  and  their  salts  in  the 
investigation  of  which  similar  difficulties  arose. 

Soret  and  Rilliet  pointed  out  that  in  the  rectification  and  prolonged  desiccation 
of  the  alcohols  there  is  often  slight  oxidation  which  leads  to  the  production  of 
impurities  which  affect  the  spectra  transmitted  hj  them. 

They  found  that  ethyl  alcohol  is  not  appreciably  lass  diactinic  than  methyl 
alcohol,  and  both  transmitted  a  spectrum  nearly  as  long  as  that  of  water.  Tms 
was  shown  by  Huntington  and  me  when  the  usual  25  mm.  of  thickness  of  the 
layer  of  liquid  were  tested.  By  taking  columns  of  liquid  100  mm.  in  length  the 
differences  are  greater,  and  they  increase  with  columns  of  increased  length. 

The  influence  of  each  additional  CH,  in  the  molecule  causes  a  shortening  of 
•  the  spectrum.  This  was  shown  to  be  due  to  the  carbon  atoms  and  not  to  the 
hydrogen.  The  acids,  containinji^  the  same  number  of  carbon  atoms  as  the  alcohols, 
have  a  much  neater  absorptive  power,  which  is  due  to  the  carboxyl  group 
(0:0*  OH).  By  the  examination  of  a  number  of  various  substances,  such  as  poly- 
hydric  alcohols,  as  glycol,  glycerol,  maniiitol,and  various  sugars,  it  was  found  that, 
no  matter  what  its  complexity,  no  open-chain  compound  causes  selective  absorption, 
tie.  absorpdoQ  bands. 

ShorUy  it  may  be  stated  that  in  the  examination  6f  organic  substances  we 
have  three  variations  in  absorption  spectra :  First,  those  of  substances  the  rays  of 
which  are  freely  transmitted,  the  abscNrption  being  at  the  more  refrangible  end  of 
the  spectrum,  and  the  ^[^ectrum  of  which  is  readily  increased  in  length  by  dilu- 
tion ;  secondly,  those  in  which  the  spectra  are  of  the  same  kind,  but  the  absorptive 
pow^  is  greater,  so  that  they  withstand  dilution  to  a  much  greater  extent; 

Digitized  by  CjOOQIC 


588 


IBPOBT— 19QB. 


third]  jy  those  Bpectn  which  exhibit  sekctiTe  abeorption^  and  whieh  at  the  sane  time 
exert  great  absorptive  power,  or,  in  other  words,  can  undergo  great  dilution  before 
the  abeorption  bends  are  rendered  TisiUe,  and  still  farther  dilation  before  thej 
are  extinguished  or  obliterated. 

Spectra  of  the  Firtt  Variety  belong  to  substances  which  are  constructed  on 
an  open  chun  of  carbon  atoms«  thus :  C  *  0  *  C  *  C  *  C  or  C=lC  *  C  *  C  *  C  and 

cecc-00. 

The  introduction  in  place  of  one  or  more  atoms  of  hydrogen — of  hydroxyl,  OH, 
carborrl,  OOOH,  methoxjl,  OGH^  CO,  OOH,  or  NH^,  or  of  side  chains  such  aa 
0H„  C^H^,  &c.---does  not  affect  the  character  of  the  spectra,  but  merely  the 
absorptiTe  power,  which  is  increased  when  oxygen  or  an  oxygenated  radical  is 
introduced. 

Spectra  of  the  Second  Variety  are  spectra  of  substances  so  constituted  that  the 
carbon  atoms  form  a  closed  chain.  It  is  immaterial  whether  the  closed  chains  are 
homocyclic  or  heterocyclic ;  thus : — 
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They  possess  greater  absorptiTe  power  than  opeiMshain  compounds,  but  do  not 
exhilnt  aosorption  bands.  It  is  manifestly  the  chain  or  ring  structure  of  the 
compounds  that  gives  them  greater  absorptiTe  power,  and  not  the  number  of 
carbon  atoms  in  the  molecules. 

Spectra  of  the  Third  Variety, -^Theee  show  absorption  bands,  and  the  subaunoes 
yielding  them  are  generally  constituted  on  the  type  of  bensene,  naphthalene, 
anthracene,  phenanthrene,  &c. ;  but  the  rings  may  be  either  homocyclic  or  hetero- 
cyclic without  the  character  of  the  spectra  &ing  altered ;  thus : — 
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If  we  say  that  the  compounds  which  are  homocyclic  are  constituted  of  at  least 
three  pairs  of  carbon  atoms  doubly  linked,  which  are  themselTes  singly  linked 
together,  we  may  make  use  of  the  formula  of  Kekul^  for  benzene  as  the  simplest 
expression  of  their  constitution ;  if  we  assume  that  each  of  the  six  atoms  is  linked 
to  at  least  other  two  atoms  we  adopt  what  is  practically  the  prism  formula  of 
Ladenburg,  or  the  same  idea  expressed  in  space  of  two  dimensions.  It  is  difficult 
to  express  the  physical  condition  by  the  Armstrong-Baeyer  formula  or  centric 
arrangement  because  this  does  not  clearly  suggest  to  one's  mind  what  is  manifestly 
the  fact,  namely,  that  the  carbon  atoms  m  the  nucleus  of  benzene  are  much  n~ — 
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closely  condensed  or  combined  together  than  thoee  of  the  hydroaromatic  seriee. 
This  condensed  condition  of  the  carbon  atoms  is  evident  from  the  higher  molecular 
re&actiTe  energy  of  aromatic  compounds  and  of  the  specific  refractive  energy  of 
the  carbon  in  such  combinations. 

Side  chains  such  as  do  not  exert  selective  absorption  have  no  influence  on  the 
character  of  the  spectra,  but  they  slightly  increase  the  general  absorption. 

Heterocyclic  compounds  possess  greater  absorptive  power,  both  as  regards  the 
general  and  selective  absorption,  thim  those  which  are  homocyclic. 

The  point  which  I  particularly  desire  to  draw  attention  to  here  is,  that  for  the 
first  time  Kekul^*s  remarkable  benzene  theory  was  supported  bv  definite  physical 
measurements,  and  the  closed-ring  formula  represented  a  veritaole  actuality. 


Of  MolectUar  and  Intro-molecular  Vibrations. 

Johnstone  Stoney  was  the  first  to  show  that  the  cause  of  the  interrupted  spectra 
of  gases  is  to  be  referred  to  the  motions  within  the  individual  molecules,  and  not 
to  die  irregular  journeys  or  encounters  of  the  molecules  with  each  otner ;  and 
this  appllM  to  the  absorption  as  well  as  to  emission  spectra.  He  further  advised 
the  use  of  oscillation  frequencies  instead  of  wave-lengths  in  describing  the  measure- 
ments of  spectra.  Johnstone  Stoney  and  Emerson  Iteynolds  subsequently  examined 
the  extraordinary  absorption  exhibited  by  chlorochromic  anhydride,  tne  bands  in 
which  are  evidently  harmonicfdly  related. 

It  has  already  been  shown  that  the  hydrocarbons  of  the  aromatic  series  exert 
two  kinds  of  absorption,  a  general  and  a  selective  absorption.  All  the  evidence 
we  possess  warrants  the  beuef  that  the  general  absorption  is  caused  by  the  motion 
of  the  molecules,  while  the  selective  lubsorption  is  due  to  the  motion  within  the 
molecules. 

When  the  molecule  of  a  substance  is  capable  of  vibrating  synchronously  with 
a  radiation,  the  ray  received  on  this  subsUnce  is  absorbed.  The  absorption  is 
complete  if  the  direction  of  the  vibration  of  the  molecule  and  of  the  ray  is  the 
same^  but  the  phase  opposite,  and  if  the  number  of  molecules  in  the  path  of  the 
rays  is  sufficient  to  damp  all  the  vibrations. 

When  the  quantity  of  substance  in  the  path  of  the  rays  is  reduced,  the  number 
of  molecules  present  is  not  sufficient  to  damp  all  the  vibrations  and  some  of  the 
rays  are  transmitted.  If,  however,  certain  carbon  atoms  within  the  molecule  are 
vibrating  synchronously  with  certain  rays,  we  shall  have  selective  absorption  of 
these  rays  after  the  general  absorption  has  been  so  weakened  by  dilution  or  other- 
wise as  to  allow  them  to  pass. 

It  is  evident,  then,  that  general  selective  absorption  exerted  by  carbon  compounds 
is  due  to  the  vibration  of  tiie  molecules  because  the  absorption  increases  with  the 
number  of  carbon  atoms  in  the  molecule ;  or,  in  other  words,  in  any  homologous 
series  the  greater  the  molecular  mass  the  lower  the  rate  of  vibration  of  the  molecule. 

It  has  not  been  found  possible  to  associate  any  of  the  absorption  bands  of  the 
substances  examined  with  any  particular  carbon  atoms ;  but  the  bands  in  benzene 
are  six  in  number,  or  the  same  in  number  as  the  carbon  atoms.  It  has,  however, 
been  shown  that  the  rapidity  of  the  intra-molecular  vibrations  was  dependent 
upon  the  rate  of  vibration  of  tbe  molecules.  From  numbers  representing  approxi- 
mately the  mean  wave-lengths  of  the  four  chief  bands  of  rays  absorbed  by  benzene, 
naphthalene,  and  anthracene,  and  from  the  velocity  of  Ikht,  the  mean  rate  of  the 
vibrations  within  the  molecules  was  calculated  (1881),  tiie  numbers  being  aa 
follows : — 

Moleoalar 
Vibrations. 

Benzene 1248>« 

Naphthalene 1177'* 

Anthracene    .•••;•••      910** 

The  mean  rate  of  vibration  of  the  rays  absorbed  bv  naphthalene  is  less  than 
that  absorbed  by  benzene,  and  those  of  anthracene  less  than  those  of  naphthalene. 
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It  follows  from  this  tliat  the  vihratioos  within  the  molecules  are  not  independent, 
hut  are  a  consequence,  of  the  fundamental  molecular  Tihrations,  like  the  harmoDies 
of  a  stretched  string  or  of  a  hell. 

The  term  absorptive  power  has  generally  been  used  with  respect  to  the  extent 
of  rays  of  the  spectrum  absorbed,  but  there  is  intensity  of  absorption  to  be  ooii-> 
sidered.  In  the  case  of  a  yibrating  string  or  tuning-fork  greater  amplitode  of 
vibration  means  a  louder  note;  in  the  case  of  molecules  greater  int^uUj  of 
absorption  may  be  caused  by  a  mater  amplitude  of  vibration  in  the  molecules  of 
the  aDSorbing  medium,  the  number  of  molecules  bein^  constant.  But  by  greater 
amplitude  it  is  not  to  be  understood  that  the  rste  of  vibration  is  increaeed. 

U  this  be  so  then,  as  the  absorntion  intensity  of  anthracene  and  naphthalsoe 
is,  molecule  for  molecule,  greater  tnan  that  of  bNBnzene,  the  amplitude  of  vibimtaoa 
of  the  molecules  of  these  substances  is  greater,  but  the  rate  of  vibration  is  slower. 

From  the  foregoing  it  will  be  observed  that  where  X  is  the  waTe-length  -  is 

the  inverse  wave-length,  and,  omitting  the  correction  for  the  refraction  of  air 
which  is  a  very  small  value,  it  is  the  OMillation  frequency  of  the  ether  in  a  amall 
uuit  of  time,  and  the  most  convenient  measurement  for  use  in  deecribing 
spectra.  Seven  years  after  the  pubHcadon  of  these  views  Gerard  KriisB  (1S86) 
dealt  with  the  subject  of  coloured  substances  in  a  similar  manner.  From  the 
undulatory  theory  of  light,  deductions  may  be  drawn  regarding  the  inner  molecclsr 
movements  or  inter-atomic  movements  within  the  molecules,  inasmuch  as  the 
vibrations  of  the  ether,  which  fills  the  intra-molecular  space,  are  a  resultant  within 
that  space  of  the  velocity  and  amplitude  of  the  molecular  vibrations. 

Thus,  if  X  be  the  wave-length  of  a  ray  emitted  by  a  substance,  and  v  the  veloci^ 
of  light,  the  number  of  vibrations,  n,  which  a  molecule  sends  forth  by  movements 

of  it  as  a  whole  and  of  its  parts  can  by  determined  by  the  equation  n  =  ^. 

Q.  Kruss  made  a  series  of  calculations  for  coloured  substances  similar  to  thoee 
which  I  had  made  for  colourless  substances  and  for  ozone. 

Curves  of  Molecular  Vibrations, 

Observations  on  absorption  spectra  should,  whenever  it  is  pNosaible,  he  made 
with  reference  to  the  quantity  of  substance  which  produces  a  given  mea^uraUe 
effect.  A  molecular  weight  in  milligrams  or  a  milligram-molecule  is  a  convenient 
quantity  which  may  be  dissolved  in  20  cc,  40  cc,  or  100  c.c  of  any  non* 
absorbent  liquid,  and  observed  throud^  thicknesses  of  the  solution  varying  from 
25  mm.  to  1  mm.  in  thickness.  When  a  series  of  photographs  have  been 
measured  a  curve  b  plotted,  which  shows  the  general  and  the  selective  absorption 
of  the  substance.  The  oscillation  frequencies  of  the  absorbed  rays  are  taken  as 
abscissa,  and  the  proportional  thickness  in  millimetres  of  the  wedceet  of  a  series 
of  solutions  as  ordinates.  The  curves  are  as  often  as  possible  made  continooos, 
and  they  are  called  curves  of  molecular  vibrations. 

The  curves  of  the  molecular  vibrations  present  very  striking  features:  they  are 
valuable  physical  constants  which  enable  one  to  classify  and  idenUfy  substances. 

Position  Isomerism, 

Isomerides  of  the  ortho-,  meta-y  and  pora-pontions  in  aromatic  subetanoss 
yield  spectra  with  the  absorption  bands,  differing  in  position,  in  width,  and  in 
intensity.  There  is  no  distinguishing  character  to  be  observed  in  the  different 
isomerides.  Isomerism  in  the  pyridine,  quinoline,  and  naphthalene  derivatives  has 
not  yet  beon  completely  studied.  In  such  cases  as  have  already  passed  under 
review  there  is  nothing  tl^tt  in^icat^s  th^  positions  of  the  substituted  nydrogens. 

StereO'isomerismm 

Where  isomerism  is  not  due  to  differences  in  structure,  but  simply  to  the 
distribution  of  the  atoms  in  space,  we  have  no  means  of  distingui^ing  isomerit 
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sabstances  from  an  examination  of  their  spectra ;  for  instance,  benz-^yn-aldoxime 
and  benz-an/t^aldoxime  yield  curves  of  molecular  Tibrations  which  are  identical. 

TatUotneriam. 

The  poesibiHty  of  an  atom  of  hydrogen  occupying  alternative  positions  in  a 
compound 

(NHC:0;;1N:C-0H) 

80  that  it  may  be  united  to  an  atom  of  nitro^n  or  of  carbon  in  one  instance,  or  to 
an  atom  of  oxygen  in  another,  easily  gives  rise  to  substances  with  different  charac- 
ters, the  one  tnat  of  a  phenol,  the  other  that  of  a  ketone.  One  interpretation  of 
the  facts  observed  which  has  been  very  commonly  received  may  be  stated  thus. 
Certain  compounds  have  in  their  constitution  an  atom  of  hydrogen  of  a '  roving 
disposition '  which  at  one  time  will  attach  itself  to  an  atom  of  oxygen,  or  to  an 
atom  of  nitrogen,  and  anon  it  will  forsake  one  of  these  and  unite  itseu  to  an  atom 
of  carbon.  Hie  consequence  of  this '  instability  of  character '  is  that  when  a  deriva- 
tive of  the  compound  is  being  prepared  or  sought  for  by  a  chemical  process,  whidi 
according  to  all  previous  knowledge  ought  to  yield  it,  the  substance  brought  forth 
is  of  a  different  class,  but  withal  of  the  same  composition ;  it  is,  in  &ct,  an 
isomeride. 

According  to  another  theory,  the  two  isomeric  derivatives  of  the  parent 
substance  are  present  in  equal  proportions  in  a  solution  in  a  state  of  equilibrium, 
and  upon  crystallisation  one  or  other  of  these  assumes  the  solid  form.  Taking 
those  cases  where  a  substance  has  a  constitution  which  it  is  believed  has  been 
correctly  ascertained  by  chemical  reactions,  and  which  yields  two  isomeric  alkyl 
d^vatives,  it  becomes  a  question  as  to  which  of  these  the  parent  substance  hm 
directly  given  birth  to.  The  evidence  from  chemical  reactions  has  in  many  cases 
failed  to  give  a  satisfactory  answer,  but  the  curves  of  molecular  vibrations  of  such 
substances  afford  the  desired  information  concerning  the  relationship  of  their 
constitution  to  that  of  their  respective  derivatives. 

Most  convincing  evidence  has  been  afforded  by  observations  on  their  spectra, 
that  several  of  the  parent  substances  are  really  not  what  they  seem  to  be. 

Thus,  isatin  and  methyl  pseudo-isatin  yield  curves  which  are  almost  identical, 
the  sole  difference  between  tnem  beinff  due  to  the  substitution  of  the  fdkyl  mdical 
for  hydrogen,  the  nature  of  which  difi^erence  might  have  been  predicted. 

Nearly  the  parent  substance  and  the  pseudo-derivative  are  of  tJie  same  nature 
and  constitution. 

Carbostyril  and  methyl-pseudo-carboetynl,  o-oxycarbanil  and  its  ethyl  ether, 
obtained  by  boiling  with  potash  and  ethyl  iodide,  are  also  similarly  related,  and 
they  possess  the  ketonic  or  lactam  structure. 

On  the  other  hand  methylisatin,  carbost^l,  and  the  other  ether  of  o-oxy- 
carbanil yield  curves  which  are  essentially  different  from  the  foregoing,  and  are 
enolic  or  of  the  lactim  type.  Generally  speaking,  the  ketonic  are  more  stable 
than  the  enolic  forms.  Dibenzoyl-methane  is  ketonic,  and  the  tautomeric  sub- 
stance oxybenzal-acetophenone  is  enolic,  and  in  this  instance  the  enolic  form  is 
that  with  the  greatest  stability.  The  two  substances  yield  different  curves,  and 
the  gradual  change  of  the  less  stable  into  the  more  stable  form  can  be  traced  by 
photographing  the  spectra  of  the  solutions  at  intervals. 

T£9  ethvl  esters  of  dibenzoyl  succinic  acid  are  of  interest  in  this  connection. 
There  are  three  isomers  known  out  of  the  thirteen  which  are  possible,  and  the 
spectra  of  these  have  been  studied.  Knorr  has  given  three  formuled  for  what  he 
dedgnates  the  a,  /3,  and  y  esters^  Of  these  there  are  two,  the  j9  and  y  forms,  which 
^ive  identical  absorption  curves :  they  are  of  the  ketonic  type,  and  structurally 
identical,  but  configuratively  different,  being  stereo-isomerides. 

The  curve  of  molecular  vibrations  of  the  a  ester  is  quite  different  from  that 
common  to  the  p  and  y  compoimds.  The  a  compound  is  of  the  enolic  type,  and 
it  changes  spontaneously  at  ordinary  temperatures  into  the  ketonic,  thus  snowing 
Uiat  in  this  case  also  the  latter  is  the  more  stable.    The  transition  from  the  one 
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form  to  the  other  was  seen  to  be  in  prog^ress,  ftnd  after  an  interval  of  only  three 
hours  the  absorption  band  of  the  enoUc  ester  had  almost  entirely  disappeared. 
In  three  weeks  the  transformation  had  become  complete^  as  was  shown  by  the 
molecular  vibration  curve  of  the  a  ester  beiug  almost  exactly  coincident  with 
that  of  the  0  and  y  forms. 

Another  interesting  example  is  affi>rded  by  the  Studv  of  phloroglocind,  it 
being  a  substance  with  a  constitution  of  a  somewhat  doubtful  character,  for  owing 
to  the  ambiffuity  of  its  behaviour  towards  chemical  reagents  it  is  impossible  to 
arrive  at  a  decision  from  chemical  evidence  whether  the  oxygen  atoms  are  preeent 
in  enolic  or  ketonic  groups.  Towards  some  substances  it  b^iaves  aa  a  pheool, 
towards  others  as  a  ketone.  The  doubt  also  presented  itself  as  to  whether  phloio- 
glacinol  from  various  sources  had  the  same  constitution,  and,  further,  whMhat 
there  mi^ht  not  be  two  isomeric  forms  of  the  compound  present  in  equal  pro- 

gortions  m  a  solution  of  the  substance.  Specioiens  of  phloroglucinol  pnmied  in 
ve  different  ways  from  different  materials  gave  curves  of  molecular  vinratioBS 
which  were  identical :  this  decided^  the  question  absolutely ;  they  are  one  and  the 
same  substance.  If  the  constitution  of  the  substance  is  that  of  a  trihydroxy- 
benzene  or  phenol,  then  the  trimethyl  ether  should  exhibit  an  absorption  curve 
differing  but  slightly  in  detail  from  that  of  the  parent  substance ;  and,  further- 
more, the  latter  should  exhibit  a  general  resemblance  to  the  curves  of  pyrogaQol 
and  phenol.    This  was  found  actually  to  be  the  case  in  both  particulars, 

FinaUv,  witli  regard  to  tautomeriam,  it  mav  be  considered  as  decided  tJiat  no 
evidence  has  been  obtained  based  upon  either  physical  measurements  or  AliAmi^l 
reactions  of,  first,  the  presence  of  a  '  wandering  *  atom  of  hydrogen  as  a 
characteristic  of  compounos  which  exhibit  tautomerism;  secondly,  that  solutioot 
of  tautomeric  compounds  do  not  contain  equal  quantities  of  the  two  subetancee, 
or  enolic  and  ketonic  forms  iti  equilibrium,  and  that  if  both  are  present  one  to 
greatly  preponderates  over  the  other  that  no  trace  of  any  but  the  one  compound 
can  be  oetected ;  thirdly,  it  has  been  observed  that  some  substances  do  cnaDge 
apontaneously  from  one  form  to  another,  and  that  this  change  sets  in  very  qu^luy 
alter  the  suostance  has  been  dissolved ;  fourthhr,  that  substances  chanjge  from 
one  form  to  another  under  the  influence  of  dirorent  reagents,  as,  for  instance, 
cotamine,  as  Dobbie  and  Lauder  (1908)  have  shown,  in  presence  of  methyl  alcohol 
or  of  caustic  soda,  and  again  iu  presence  of  potassium  cyanide.  In  fact  it  appears 
that  under  the  influence  of  different  reagents  one  or  other  of  the  two  compounds 
is  the  more  stable,  and  the  more  stable  substance  is  then  formed. 

A  reaction  is  recorded  in  the  researches  of  Emil  Fischer  where  it  appears  that 
two  tautomeric  forms  are  produced  simultaneously  from  oxycaf^ine.  When  the 
silver  salt  of  this  substance  is  heated  with  methyl  iodide  it  yields  a  mixture  of 
tetrame^l  uric  acid  and  methoxycaf^ine,  the  characteristic  groupings  in  whidi 
are  — NH— CO-  and  -N=sCOH-,  the  hydrogens  being  methylated.  This  is  a 
singular  reaction  which  has  not  yet  been  studied  spectrographicsJly. 

0  O 

0  >CH  CH 

CH,— n/\o— N<       *  CH,— n/\c— n/ 

I  >C0  I  >C— OCH, 

"V-<H.  ocMc-n/ 

1  I 
CH,                                                              CH, 

Tetramethylnric  Acid.  Methoxyoaf  6ine. 

The  Absorption  Spectra  of  Alkaloids. 

The  interest  attached  to  an  examination  of  the  absorption  spectra  of  the  alka- 
loids is  not  alone  the  fact  that  a  means  of  recognising,  detecting,  and  estimating 
such  substances  was  devised,  but  still  more  that  we  may  leam  something  of  their 
chemical  constitution.  Many  of  the  poisonous  alkaloids  give  no  distinctive 
chemical  reactions,  and  in  certain  cases  the  means  of  recognising  them  ars 
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restricted  to  obserralioiis  on  their  crystalline  form  and  their  physiological  action. 
The  physiological  action  of  certain  alkaloids  of  an  extremely  deadly  character  is 
remarkable  enough  to  prove  a  means  of  their  identification  when  the  eifect  on  the 
human  subject  is  under  observation.  The  first  experimental  work  on  the  absorp- 
tion spectra  of  the  alkaloids  arose  out  of  a  celebrated  trial  for  murder,  whidi 
engaged  much  attention  in  ihe  year  1882.  It  was  proved  that  the  lethal  drug 
administered  was  aconitine. 

To  identify  this  substance,  of  which  there  are  several  varieties^  it  was  necessary 
at  that  time  to  resort  to  physiological  tests  made  upon  small  animals. 

Such  a  course  always  anords  an  opportunity  for  forensic  arguments  ba^  upon 
the  evidence  adduced.  To  substitute  absolute  physical  measurements  for  physio- 
logical tests  seeoMd  to  present  facilities  for  securing  justice  by  removing  anj 
doubt  of  the  identity  of  an  unknown  substance  with  the  nature  of  one  which  is 
known.  Alkaloids  vield  spectra  of  two  kinds,  those  which  do  not  and  those 
which  do  exhibit  absorption  bands,  the  difference  between  the  two  classes  of 
substances  being  one  dependent  on  the  constitution  of  the  nucleus  or  ultinmte 
radical  of  the  compound.  It  is  possible  not  only  to  identify  substances,  but  also  to 
determine  the  quantity  present  in  a  mixture  or  solution,  and  this  has  actually  been 
done. 

Alkaloids  which  are  derived  from  benzenoid  hydrocarbons,  pyridine,  quino- 
line,  or  phenanthrene  give  evidence  of  their  origin  by  their  spectra.  It  is 
therefore  advantageous  to  make  a  careful  studv  of  the  absorption  spectra  of 
the  substances  themselves  and  of  the  various  products  derived  m>m  them  when 
studying  their  constitution.  It  was  remarked  while  the  work  was  in  progress 
that  the  quinine  spectrum  curve  was  probably  due  to  the  conjugation  of  four 
pyridine  or  two  quinoline  nuclei.  It  is  known  now  to  be  a  substance  of  a  compli- 
cated structure  containing  one  quinoline  nucleus.  It  differs  from  cinchonine  only 
by  one  methoxyl  group  in  the  /lara-position.  Observations  made  on  simple  bases 
differ  from  those  made  on  substitution  products,  such  as  alkyl  derivatives,  in  this 
respect,  that  the  bases  are  the  more  diactinic,  while  addition  products,  such  as 
hyarogenised  compounds,  and  also  salts  of  the  alkaloids  such  as  hydrochlorides, 
are  more  diactinic  than  the  simple  bases.  It  was  shown  by  the  researches  of 
Alder  Wright  that  different  preparations  of  aconitine  can  yield  substances  slightly 
differing  in  constitution.  On  examining  them  it  was  shown  that  these  prepara- 
tions yielded  different  absorption  curves  the  variations  in  which  were  due  to 
differences  in  the  constitution  of  the  different  preparations.  To  state  a  particular 
case  of  a  well-defined  character,  the  aconitine  from  aconitum  napellua  and 
japaconitine  from  a  Japanese  aconite  prepared  by  Alder  Wright  had  practically 
the  same  absorption  spectrum  and  yielaed  similar  curves ;  but  that  of  japaconitine 
was  just  what  might  oe  expected  from  a  substance  with  a  nucleus  of  a  similar 
constitution,  but  about  twice  the  molecular  weight  of  aconitine ;  in  other  words, 
a  condensation  of  two  molecules  of  aconitine  into  one — namely,  what  was  observed 
in  the  spectra  of  morphine  and  apomorphine,  a  much  greater  absorptive  power 
with  a  similar  absorption  curve. 

It  was  shown  that  japaconitine  has  a  constitution  modified  in  such  a  manner ; 
it  being,  in  fact,  what  was  termed  by  Alder  Wright  a  sesquiapoaconitine ;  and  the 
formulBB  given  for  these  substances  are  respectively :  Aconitine,  Oj^H^^NO,, ; 
japaconitine,  C^HggNjOsi,  which  is  in  agreement  with  the  spectrum  observations. 
it  has,  however,  been  supposed  by  Freund  and  Beck  that  the  two  substances  are 
identical. 

Strychnine  and  brucine  are  two  alkaloids  evidently  closely  related,  but  little 
is  known  about  their  constitution :  both  seem  to  contain  a  pyridine  nucleus  united 
to  what  is  probably  a  pyrrolic  nucleus,  the  two  constituting  a  conjugated  nucleus 
resembling  that  of  quinoline.  The  difference  between  brucine  and  strychnine  is 
said  to  be  fdmplj  that  the  former  contains  two  methoxyls.  The  absorption  curves 
show  a  wider  difference  than  this,  and  it  was  predicted  that  strvchnine  appears  to 
be  a  derivative  of  pyridine,  but  brucine  is  more  probably  a  derivative  of  tetra- 
hydroauinoline,  or  an  addition  product,  of  quinoline  of  the  same  character, 
smce  tnere  is  a  remarkable  similarity  between  the  curves  of  the  two  subptan^Sp 
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I  would  suggest  that  for  tbe  future  endence  from  their  spectra  be  taken  mto 
account  in  studying  their  constitution. 

Stereo-isomerism  in  the  Alkaloida. 

Many  alkalmds  baying  tiie  same  formula  are  stereo-isomerides,  and  tboee  rdated 
in  this  manner  exhibit  molecular  absorption  curves  which  are  identicaL  Tlie 
following  examples  are  quoted  by  Dobbie  and  Lauder  (1903)  as  the  result  of  their 
inTestigations :  dextro-corydalioe  and  inactive  corydaluie ;  narcotine  and  gnosco- 

Sine ;  teirahydroberberine  and  canadine.  Where  two  compounds  are  known  to 
ave  the  same  formula,  and  one  of  these  is  optically  active,  the  other  inactive,  it 
may  be  inferred,  as  Dobbie  and  Lauder  have  pointed  out,  that  they  are  not 
optical  isomerides  if  their  absorption  curves  are  different  ;  thus  canadine  asd 
papaverine  have  the  same  formula,  but  their  absorption  curves  show  that  they  srs 
structurally  difierent 

It  b  a  {i^neral  rule  that  substances  which  a^p!ee  closely  in  structure  exHbit 
similar  series  of  absorption  spectra,  while  those  which  differ  essentially  in  structon 
show  absorption  curves  which  are  different ;  and  to  this  rule  neither  aromstie 
compounds,  alkaloids,  nor  dyes  and  coloured  substances  form  any  exceptions. 
That  this  is  so  is  easily  understood  firom  the  theory  of  absorption  spectra.  It 
must,  however,  be  distinctly  understood  that  the  essential  feature  of  importance  is 
all  such  investigations  is  the  quantitative  relation  of  the  substance  to  its  spectra, 
whether  these  relations  are  based  upon  equal  weights  of  material  or  equimotecoltr 
proportions  in  solutions  of  given  volume  and  thickness. 

The  relationship  of  morphine,  C,7H,7NO(OH)^  and  codeine,  or  methylmo^ 
phine,  C,7Hj7NO.(On)(OCH,),  was  shown  by  their  spectra,  the  latter  bang  a 
nomologue  of  the  former.  A  similar  instance  has  been  investigated  rec^tlj' 
hy  DoU>ie  and  Lauder.  The  resemblance  between  the  spectra  of  laudamne, 
C^fP^O^^,  and  laudanosine,  C2iH^04N,  confirms  the  view  that  they  are  homo- 
logous bases.  The  close  agreement  of  their  absorptbn  curves  with  those  of 
oorydaline  and  tetrahydropapaverine  clearly  indicates  a  similarity  in  structore 
to  that  of  these  alkaloids,  but  the  relationship  of  laudanosine  to  corydaline  is 
probably  closer  than  to  tetrahydropapaverine,  uid  may  be  best  explained  by  the 
formuliB 

Corydaline.  LandADOsiQe. 

The  removal  of  a  methyl  group  from  such  a  compound  would  scarcely  cause 
any  appreciable  change  in  the  curve  of  molecular  vibrations,  and  very  many  csees 
are  known  where,  when  two  atoms  of  hydrogen  are  introduced  into  a  compound 
without  altering  the  close  linking  of  the  carbon  atoms  of  the  ring  formation  in  the 
compound,  the  alteration  in  tbe  spectrum  is  insignificant. 

A  particularly  interesting  example  of  tautomerism  already  mentioned  has  beoi 
observed  by  Dobbie  and  Lauder  in  studying  the  oonstitutiun  of  cotamine,  a  sub- 
stance prepared  from  narcotine.  Three  formuhe  have  been  proposed  for  it:  one 
represents  it  as  an  aromatic  aldehyde  in  which  one  hvdrogen  is  replaced  bjr  m 
open  change  containing  nitrogen ;  a  second  gives  it  the  character  of  a  carbintd 
base ;  while  a  third  that  of  an  ammonium  base.  It  has  been  supposed  that  in 
solution  it  is  a  mixture  of  two  or  all  three  such  substances  in  a  stats  of 
equilibrium,  but  as  to  what  is  the  formula  to  be  assigned  to  solid  cotamine  the 
data  are  insufficient  to  determine.  There  are,  however,  two  different  solutions  of 
the  substance  obtainable :  that  in  ether  or  chloroform  is  quite  colourless,  VOi» 
the  solid;  but  a  solution  in  water  or  alcohol  is  yellow.  From  the  molecular 
absorption  spectra  of  these  solutions  and  of  certain  derivatives  with  which  tbey 
are  compared  there  is  verv  distinct  evidence  that  a  solution  in  alcohol  or  wtter 
contains  the  ammonium  bsse,  while  under  the  influence  of  sodium  hydroxide 
it  assumes  the  condition  of  the  carbinol  form.  Moreover,  the  rate  of  transforms- 
tion  and  the  conditions  which  influence  this  isomeric  change  have  been  studied. 
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It  suffices  here  to  state  that  a  solution  containing  entirely  the  one  form  may  be 
converted  wholly  into  the  other. 

The  two  formuhe  referred  to  are  given  below : — 

CH(0H).N.CH5  OH  =  N(CH3).0H 

C,IIA<  \         ;tc,He03<         I 

CH^ CHj  CHj .  CHj 

Carblnol  Form.  Ammooium  Base. 

Emission  Spectra. 
Spark  Spectra  and  Uieir  Constitution, 

As  it  became  necessary  to  make  accurdte  measurements  of  absorption  spectra 
in  the  ulfen^^violet,  the  work  of  obtaining  the  wave-lengths  of  lines  in  twenty 
metallic  spectra  was  undertaken.  They  were  for  the  most  part  in  a  region 
which,  except  in  the  case  of  two  or  three  elements,  had  not  been  previously 
explored.  A  small  Rutherford  grating  was  employed,  combined  with  (][uartz 
lenses  with  a  focal  length  of  three  feet.  Experi  ence  had  shown  that  it  was  advisable 
m  describing  these  spectra  to  give  measurements  in  hundredths  of  an  inch  of  the 
positions  of  the  lines  on  the  published  photographs  of  the  prismatic  spectra  in  the 
'  Journal  of  the  Chemical  Society '  (Msrch  1882),  and  to  toUow  Leoocq  de  Bois- 
baudran  by  giving  a  description  of  the  character  of  each  of  the  lines.  In  this  way 
they  are  easOy  identified,  and  the  value  of  the  measurements  for  practical  purposes 
is  greatlv  enhanced.  Prior  to  the  publication  of  the  work  (1882),  in  the  prosecution 
of  which  Dr.  Adeney  was  associated  with  me,  Liveing  and  Dewar,  who  hsd  been 
engaged  on  a  similar  investigation,  but  operating  in  a  difierent  manner,  published 
an  account  of  the  spectra  of  the  metals  of  the  alkalies  and  alkaline  earths,  and 
subse(}uently  the  lines  of  iron,  nickel,  and  cobalt.  Thev  showed  a  rhythmic 
grouping  of  the  lines  to  be  characteristic  of  the  spectra  of  the  alkali  metals. 

In  connection  with  the  prismatic  spectra  which  were  photographed  some 
remarkable  facts  were  noticed ;  for  instance,  the  character  of  the  lines  belonging  to 
difierent  groups  of  elements  was  a  nodceable  feature,  as  well  also  their  disposition 
or  arrangement,  more  particularly  in  the  ultra-violet  Similarities  in  the  visible 
spectra  <»  sine  and  caomium,  of  calcium,  strontium,  and  barium,  and  in  those  of 
the  alkali  metals  had  been  observed  by  Mitscherlich,  by  Lecooq  de  Boisbaudraui 
and  also  by  Oiamidan.  As  to  the  grouping  of  the  lines  as  observed  on  the 
photographs,  it  appeared  that  the  spectra  of  well-defined  groups  of  elements  had 
characteristics  in  common  which  were  difierent  from  those  of  other  groups.  For 
instance,  the  alkali  metals  differed  from  the  alkali  earth  metals  which  appeared  to 
form  a  group  by  themselves.  Then  in  marked  contrast  to  these  simple  spectra 
were  those  of  iron,  nickel,  and  cobalt,  which  though  very  complicated  were  seen 
to  be  much  alike.  Nearest  to  these  but  difiering  from  them  m  certain  respects 
were  the  palladium,  gold,  and  platinum  spectra. 

It  was  observed  how  diese  elements  with  certain  chemical  and  phvsical 
properties  in  common  could  be  recognised  as  being  relations  owing  to  their  mmily 
likeness  when  their  spectra  were  photographed.  Then  it  was  remarked  that  the 
spectra  of  msgnesium,  zinc,  and  cadmium,  had  distinctive  characters  in  common ; 
for  instance,  the  individual  lines  in  these  spectra  were  marked  by  similar  character- 
istics, such  as  a  great  extension  of  the  strong  lines  above  and  below  the 
points  of  the  electrodes.  This  extension  was  increased  with  the  atomic  mass  of  the 
metal,  and  with  the  greater  atomic  mass  in  this  group  the  volatility  of  the  metal 
is  also  greater.  An  arrangement  of  the  lines  in  pairs  and  triplets  was  noticed,  the 
triplets  being  repeated,  but  less  distinctly  than  in  the  first  instance,  and  again 
repeated  shsSply  bat  less  strongly,  so  that  there  were  three  difierent  sets  of  triplets 
in  each  spectnim.  The  point  of  greatest  interest  and  importance  was  the 
connection  traced  between  the  atomic  mass  and  the  numerical  oififerences  observed 
in  the  intervak  betwe^  the  lines  of  difierent  groups  when  measured  by  thdr 
oscillation  frequencies. 

These  dificrences  were  not  in  thesptetram  of  one  element,  but  were  in  the  lines 
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of  each  metal  of  the  group,  and  were  clearly  aaaodated  with  the  atomic  maas  aod 
chemical  properties  in  each  case. 

The  arraoj^ment  of  the  lines,  which  was  common  to  all  the  metaU  in  the 
magnesium,  zinc,  cadmium  group,  may  shortly  be  described  as  follows: — ^Thiee 
isoUted  lines  and  one  pair  of  lines  in  ma^esium,  with  four  sets  of  triplets ;  one 
isolated  line  and  one  pair  of  lines  in  zinc,  with  three  sets  of  triplets ;  one  is<^ated 
line  and  one  pair  of  lines  in  cadmium,  with  three  sets  of  triplets. 

Besides  tne  arrangement  of  these  lines  there  were  in  the  spectrum  of  eick 
element  two  gproups  of  the  most  refrangible  lines,  consisting  one  of  a  quadruple 
group  and  the  otner  of  a  quintuple  group,  the  groups  and  the  lines  compoeuig 
them  being  similarly  disposed  in  each  spectrum.  It  was,  however,  not  distinctlj 
proved  that  these  particular  groups  were  strictly  homologous,  the  most  refrangihk 
liues  in  the  zinc  spectrum  being  very  difficult  to  photograph  even  on  apeSMWj 
prepared  plates,  though  the  lines  are  strong.  It  was  furthermore  observed  that 
witn  an  increase  in  the  atomic  mass  the  distances  between  the  lines  both  ia 
pairs  and  triplets  were  greater.  The  same  was  the  case  with  the  quadruple  aad 
quintuple  groune.  In  the  magnesium  spectrum,  if  we  compare  the  first  with  the 
Mcond  group  of  triplets,  we  find  the  intervals  extending  from  the  first  Hue  in  the 
first  group  to  the  first  line  in  the  second  mup,  and  from  the  second  line  b 
the  fint  group  to  the  second  line  in  the  second  group,  and  firom  the  third  line  in  the 
first  group  to  the  third  Ime  in  the  second  group,  idien  measured  in  terms  of 
oscillation  frequencies  to  be  677*1, 677*0,  and  677*4.  Similarly  taking  the  aecoad 
and  third  (j^roups  it  is  801*2,  891*1,  and  391*1.  Between  the  third  and  fourth 
groups  in  like  manner  it  is  230*9,  233,  and  233 ;  so  that  the  intervals  diminiuli 
with  increase  of  refrtmgibilit^  of  the  lines. 

In  the  zinc  spectrum  the  intervals  between  the  lines  in  the  first  and  aeooad 
groups  are  910,  910,  and  910 ;  in  the  second  and  third  groups  582,  581,  and  5^ 

In  the  cadmium  spectrum  the  corresponding  intervals  are  801*5,  800,  and  800; 
in  the  second  and  third  groups  588,  589,  aqd  587.  The  more  accurately  the  linsB 
are  measured  the  more  exactly  do  tiiese  differences  correspond.  It  is  scarcelj 
necessary  to  point  out  that  the  diffiarences  in  the  atomic  masses  of  the  dements 
are  in  round  numbers  where  H  » I,  Mg  24,  Zn  65,  and  Od  112. 

llie  Law  of  Comtant  Differences  rendered  it  evident  that  the  spectra  of  the 
elements  were  subject  to  a  law  of  homology,  which  was  closely  connected  with 
the  atomic  mass  and  with  their  chemical  and  physical  properties. 

It  was,  in  fact,  found,  in  accordance  with  the  period  law,  that  the  spectra  of 
definite  groups  were  spectra  similarly  constituted,  frtnn  which  it  was  deduct  thai 
they  are  proauced  by  similarly  constituted  molecules.  It  is  evident  that  there  is 
periodic!^  in  their  spectra.  The  metals  studied  being  all  monatomic  in  tlMir 
molecular  condition,  the  conclusion  was  inevitable  that  the  atoms  were  of 
complex  constitution,  and  that  not  only  was  the  complex  nature  of  theae  atoms 
disclosed,  but  it  was  also  shown  that  groups  of  elements  with  similar  <*hAmiA^i  gad 
physical  properties,  the  atomic  weights  of  which  difiered  hj  fixed  definite  valnei, 
were  composed  of  the  same  kind  of  matter,  but  the  matter  of  the  different  elements 
was  in  different  states  oi  condensation,  as  we  know  it  to  be  in  different  manbers  of 
the  same  homologous  series  of  organic  compounds.  If  this  were  not  the  case,  the 
mass  or  quantity  of  matter  in  the  atom  would  not  affect  in  the  same  manner  its  rate 
of  vibration — which  the  facts  observed  lead  us  to  conclude  that  it  does — and  the 
chemical  properties  of  the  substances  would  differ  more  widely  from  one  another, 
and  the  differences  between  them  would  not  be  gradational,  which  in  faeX  ther  are. 
It  was  thus  impossible  to  believe  that  the  atoms  were  the  ultimate  particlee  of 
matter,  though  so  far  as  chemical  investigations  had  proceeded  they  were  parts 
which  had  not  been  divided.  Here  the  conviction  was  forced  upon  one  that  matter 
might  exist  in  a  state  which  had  hitherto  been  unrecognised  by  those  who 
accepted  the  atomic  theory  without  searching  beneath  it.  All  that  the  atomic 
theory  enabled  the  chemist  to  take  account  of  were  the  laws  of  combinatioD  and 
decomposition  of  the  forms  of  matter  that  are  ponderable  and  of  sufficient  mass  to 
be  weighable  on  the  finest  balances,  which  after  all  are  but  crude  and  imperfect 
*  «truments  for  the  study  of  matter,  since  they  are  capable  only  of  detomining 
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differences  between  maasas  of  tangible  mze.  It  became  conceiyable  that  matter 
in  the  state  of  ffas  or  Tapour  might  become  so  attenuated  that  repulsion  of  the 
molecules  would  be  mater  than  the  attraction ;  that  they  would  tnen  no  longer 
form  agg^reffateSy  and  in  coosequence  would  cease  to  be  weighable.  In  such  a 
condition  they  may  be  imagined  to  constitute  the  ether,  and  in  view  of  this 
conception  there  may  be  recmised  Howe  physical  conditions  of  material  substances, 
namely,  solidy  liquid,  gas,  and  ether. 

It  is  more  than  twenty  years  ago  since  the  study  of  homology  in  spectra  led 
me  to  the  conyiction  that  the  chemical  atoms  sre  not  the  ultimate  particles  of 
matter,  and  that  they  hare  a  complex  constitution. 

That  the  atoms  of  definite  groups  of  chemically  related  elements  are  composed 
of  the  same  kind  of  matter  in  different  states  of  condensation  is  not  a  dream  or  a 
view  of  a  visionary  character,  for  it  is  based  upon  definite  obsenrations  controlled 
by  exact  physical  measurements,  and  is  therefore  in  the  nature  of  a  theory  rather 
than  an  hypothesis.  Batchinski  (1903)  regards  the  atoms  as  being  in  a  state  of 
▼ifaratkm.  and  the  periods  of  vibration  of  related  elements  appear  to  stand  in  a 
simple  relation  to  their  properties,  llie  massof  an  atom  is  proportional  to  the 
square  of  its  period  of  vibration,  and  conversely  the  vibration  period  of  the  atom 
may  be  calculated  from  the  square  root  of  the  atomic  weight.  These  values  have 
bcML  calculated  and  arranged  according  to  Mendel^fs  classification,  whereby  it  is 
shown  that  there  is  a  decided  tendency  to  form  harmonic  series  in  the  vertical 
columns.  The  donations  are  probably  capable  of  explanation,  as  the  author 
I»li0vee,  on  the  ^und  that  the  atom  is  not  to  be  regarded  as  a  material  point, 
Iml  as  a  material  system.  It  is  well  to  remember  that  the  precursor  of  the 
Periodic  Law  was  Newland*s  Law  of  Octaves. 

I  have  always  experienced  great  difficulty  in  aocepticg  the  view  that  because 
the  speotnum  of  an  •  element  contained  a  line  or  lines  m  it  which  were  coincident 
with  a  line  or  lines  in  another  element  it  was  evidence  of  the  dissociation  of  the 
€lements  into  simpler  forms  of  matter.  In  my  opinion,  evidence  of  the  compound 
nature  of  the  elements  has  never  been  obtained  nrom  the  coincidence  of  a  line  or 
lines  exclusively  belongmg  to  the  spectrum  of  one  element  with  a  line  or  lines  in 
the  spectrum  exclusively  belonging  to  another  element.  This  view  is  based  upon 
the  foUowing  grounds : — ^First,  because  the  coincidences  have  generally  been  shown 
to  be  only  apparent,  and  have  never  been  proved  to  be  real;  secondly,  because  the 
^^reat  dimoutty  of  obtaining  one  kind  of  matter  entirely  free  from  every  other  kind 
of  matter  is  so  great  that  where  coincident  lines  occur  in  the  spectra  of  what  have 
been  believed  to  be  elementary  substances  jiiey  have  been  shown  from  time  to  time 
to  be  caused  by  traces  of  foreign  matter,  such  as  by  chemists  are  commonly  termed 
impurities ;  thirdly,  no  instance  has  ever  been  recorded  of  any  homologous  group  of 
lines  belonging  to  one  element  occurring  in  the  spectrum  of  another,  except  and 
alone  where  the  one  has  been  shown  to  constitute  an  impurity  in  the  other;  as,  for 
instance,  where  the  triplet  of  zinc  is  found  in  cadmium  and  the  triplet  of  cadmium 
in  zinc ;  .the  three-strongest  lines  in  the  quintuple  eroup  of  magnesium  in  graphite, 
and  so  on.  The  latest  elucidation  of  the  cause  of  coincidences  of  this  kind  arises 
out  of  a  tabulated  record  from  the  wave-length  measurements  of  about  three 
thousand  lines  in  the  spectra  of  sixteen  elements  made  by  Adeney  and  myself. 
The  instances  where  lines  appeu^  to  coincide  were  extremely  rare ;  but  there  was 
one  remarkable  case  of  a  group  of  lines  in  the  spectrum  of  copper  which  appeared 
to  be  conunon  to  tellurium ;  also  lines  in  indium,  tin,  antimony,  and  bismuth  which 
seemed  to  have  an  origin  in  common  with  those  of  tellurium. 

It  is  difficult  to  separate  tellurium  from  copper,  and  copper  from  tellurium,  by 
ordinary  chemical  processes.  Dr.  Eothner,  of  Charlottenburg,  has  succeeded  in 
obtaining  very  pure  tellurium  from  the  spectrum  of  which  these  lines  and  also 
several  others  have  been  almost  entirely  eliminated,  which  shows  that  they  are 
foreign  to  the  element,  and  that  his  specimen  of  tellurium  is  probably  purer  than 
any  previously  obtained.  For  determming  the  atomic  weight  of  tellurium  it  is  of 
course  necessary  to  obtain  it  in  the  greatest  possible  state  of  purity ;  and  it  may 
be  mentioned  that  the  material  which  Standenmaier  employed  for  this  purpose 
was  found,  from  Kdthner*s  photograph  of  its  spectrum,  to  be  a  very  pure  specimeil. 
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The  proeecutkm  of  reteaidiM  in  ooonection  with  the  ooDStitatton  of  spectra  wis 
initiated  by  Johnstone  Stonej,  by  Balmer  with  respect  to  hydrogen,  and  continued 
b?  Rjdbergy  Deslandres,  Ajnes,  and,  abore  all,  by  Kayser  and  Kunge,  who  by  an 
elaborate  and  e^chaostive  inTSStigation  of  the  arc  spectra  of  the  elemoits  hsTO 
given  na  formuhB  by  which  the  wave-lengths  of  linee  in  the  spectra  of  difierent 
elements  in  certain  definite  groups  miiy  be  calculated  from  their  atomic  msnes. 
They  also  showed  the  spectra  to  be  constituted  of  three  series  of  lines,  the  principd 
series  and  two  subordinate  series,  one  sharp  and  the  other  difinse.  Lately,  Ramage 
has  given  us  a  simpler  formula,  which  applies  to  several  groups,  and  he  hss 
co-orainated  the  spectra  of  several  of  the  elements  with  the  squares  of  their  atomie 
masses,  and  also  their  atomic  masses  with  others  of  their  physical  properties. 

It  may  here  be  remarked  that  the  homology  of  the  spark  spectra  in  the  magne- 
sium, zinc,  and  cadmium  series  was  at  first  called  in  question  or  Ames,  though  bs 
proved  the  arc  spectra  of  zinc  and  cadmium  to  be  sttictly  homologous. 

Preston  decided  the  question  by  demonstrating  by  means  of  beautiful  ^loto- 
graphs  that  corresponding  lines  such  as  the  pairs,  triplets,  and  the  qnadraple 
groups  in  the  spark  spectra  of  the  three  metals  when  under  the  influence  of  a  verv 
powerful  magnetic  field  underwent  the  same  kind  of  change;  for  instance,  eaoi 
quadruple  group  chan^  to  sextuple,  the  second  and  fourth  lines  in  each  groap 
becoming  double.  Lmes  in  spectra  which  have  not  the  same  0(matitutioii 
behave  differently.  Recently  Runge  and  Paachen  have  arrived  at  the  same 
conclusion  ;  and,  furthermore,  have  established  homology  in  the  spectra  of 
sodium,  copper,  and  silver ;  also  between  aluminium  anid  thallium.  Indium 
is  almost  certainly  homologous  with  aluminium  and  thallium,  but  it  wu 
probably  not  investi||^ted  on  account  of  its  rarity.  Marshall  Watts  has  pointed 
out  that  a  relationship  exists  between  the  lines  in  the  spectra  of  some  elements  axul 
the  squares  of  their  atomic  weights,  from  which  it  is  possible  to  calculate  tht 
atomic  weight  of  an  element  If  t^t  of  another  in  the  same  homologous  aeries  is 
known,  and  the  oscillation  frequencies  of  corresponding  lines  are  known.  This 
enables  the  determination  of  atomic  wmghts  to  be  controlled  with  quite  as  moch 
efficiency  and  certainty  in  many  instances  as  by  specific  heat  or  vapour-denaitj 
determinations  of  the  metals. 

The  first  application  of  the  observed  homology  in  spectra  was  directed  towards 
the  question  of  the  atomic  mass  of  beryllium,  for  which  purpose  the  lines  in  the 
ultra-violet  spark  spectrum  of  this  element  were  first  photo^phed  and  measured. 
The  nature  or  the  evidence  on  the  sulject  adduced  at  the  time  was  in  outline  as 
follows: — 

'  Iff  as  Nilson  and  Petterson  suggest,  the  position  of  beryllium  is  at  the  head 
of  a  series  of  triad  rare  earth  metals,  the  element  scandmm  (at.  wt.  44)  and 
yttrium  (at.  wt.  89*)  must  be  members  of  the  same  group.  If  this  be  the  case 
the  spectra  of  the  tnree  elements  must  have  certain  characters  in  common,  for  the 
series  of  which  aluminium  and  indium  are  the  fir^t  and  third  terms  yield  strictly 
homologous  spectra.  As  a  matter  of  fact  no  two  spectra  could  be  more  dissimilar 
than  those  of  oeryllium  and  scandium.* 

Having  compared  the  photographs  and  wave-length  measurements  of  a  laiga 
number  of  spectra  of  the  elements,  I  felt  justified  in  making  the  fdlowiDg 
remarks : — 

'  The  spectrum  of  beryllium  exhibits  no  marked  analogy  with  the  calcium,  the 
magnesium,  or  the  aluminium  spectra,  all  of  which  are  members  of  well-defined 
homologous  series.  There  is  nothing  similar  in  it  to  the  boron,  silicon,  or  carbon 
spectra,  nor  to  those  of  the  scandium,  yttrium,  or  cerium.  The  spectrum  of 
lithium  is  most  closely  analogous  to  that  of  beryllium  in  the  number,  relative  posi- 
tions, and  intensities  of  the  lines.  This  leads  to  the  conclusion  that  bervUium  is  the 
first  member  of  a  dyad  series  of  metals,  to  which  in  all  probability  caelum,  stron- 
tium, and  barium,  as  a  sub-group,  are  homologous,  its  atomic  mass  being  9-2,  its 
place  is  above  magnesium.' 

Subsequently  Nilson,  and  also  Humpidge,  by  chemical  evidence  and  from 
vapour-density  determinations  of  certain  compounds,  substantiated  the  conclusion 
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'  arrived  at  by  Emerson  ReTnolda,  that  the  atomic  maas  of  beryllium 
18-8  but  9-2. 

The  next  practical  application  of  the  spark  spectra  was  to  the  analysiB  of 
rhabdophane,  a  mineral  round  many  years  ago  in  Cornwall  and  described  by 
Heuland  in  1837  as  a  zinc  blende  of  a  peculiar  character. 

This  mineral  I  found  to  contain  neither  dnc  nor  sulphur,  and  therefore  it  ia 
not  a  blende.  It  is,  in  fact,  a  phosphate  of  the  formula  'Rjd^^fi^.WJd^  in  which 
the  oxides  of  cerium,  didymium,  limthanum,  and  yttrium  may  wholly  or  in  part 
rephice  each  other.  The  didymium  absorption  spectrum  is  well  seen  both  by 
reflection  from  the  surface  and  transmission  through  thin  sections  of  the  ndneral. 
The  spark  spectrum  of  the  yttrium  chloride  obtained  from  rhabdophane  was 
compiled  with  that  obeerved  by  Thal^n  and  ascribed  to  yttrium.  Of  the  fifty-one 
lines^  in  the  spectrum  of  yttrium  thirty-eifht  were  absent  from  tiie  yttrium 
obtained  from  rhabdophane,  and  it  was  conduded  that  the  purest  yttrium  was 
that  which  yielded  the  8imj)lest  spectrum.  Thb  was  the  m«t  occasion  of  the 
finding  of  yttrium  in  any  British  mineral.  Quite  recently  a  confirmation  of  tiiis 
-view  has  been  obtained  by  comparing  this  spectrum  with  lists  of  the  arc  lines  of 
yttrium  and  ytterbium  which  have  just  been  published  by  Eayser  (190d|). 

Penfield  analysed  a  mineral  found  in  the  United  States  which  ne  named 
scovellite :  it  proved  to  be  identical  in  species  with  rhabdophane. 

Flame  Spectra  at  High  Temperaiurea. 

What  are  commonly  known  in  the  chemical  laboratory  as  flame  spectra  are 
chiefly  those  of  the  metals  of  the  alkalies  and  alkaline  earths ;  also  of  gallium, 
indium,  and  thallium.  The  researches  of  Mitscherlich  and  Leoocq  de  Boisbaudran 
first  showed  that  copper,  man^nese,  and  gold  gave  flame  spectra.  Lockyer, 
GouY,  and  Marshall  Watts  also  mvestigated  flame  spectra. 

In  1887  I  used  iridium  wires  one  millimetre  thick,  twisted  into  loops  upon  which 
fragments  of  minerals  were  heated  in  the  oxygen  blowpipe  flame.  Natural  silicates 
yielded  spectra  not  only  of  alkalies  but  of  the  alkaline  earths,  and  also  distinct  man- 
ganese spectra.  Baryta,  strontia,  and  lime  gave  spectra  when  insoluble  compounds 
such  as  the  sulphates  were  thus  examined  at  high  temperatures.  Iron,  cobalt,  and 
nickel  gave  spectra  even  when  compounds  such  as  the  oxides  were  heated  strongly* 
But  iridium,  though  infusible,  is  somewhat  volatile,  and  contributes  a  line  spectrum 
to  the  flame.    In  1890  thin  slips  of  the  mineral  kyanite  and  even  pieces  of  tobacco 

Eipe  were  used  instead.  Experience  with  this  method  of  working  went  to  show 
ow  the  flame  spectra  of  oxides  of  calcium,  strontium,  and  barium  could  be  sepa- 
rated from  those  of  lithium,  sodium,  potassium,  rubidium,  and  caedum,  as  obecnrved 
in  tlie  Bunsen  flame.  Furthermore,  that  even  the  most  Tolatile  of  these  substances 
could  be  made  to  yield  a  continuous  coloration  Arom  a  single  bead  of  salt  for  a 
period  exceeding  fifteen  minutes,  and  extending  to  one  or  two  hours,  ao  that 
measurements  of  the  lines  might  be  made  with  some  degree  of  certainty. 

In  order  to  studj  the  flames  emitted  from  furnaces  during  metallurgical 
operations,  and  particularly  from  the  mouth  of  Bessemer  vessels,  it  beoune 
necessary  to  ascertain  what  really  were  the  lines  of  the  elements  observed  under 
diflerent  conditions  at  a  high  temperature,  and  accordingly  systematic  methods  of 
study  were  developed  from  the  previous  somewhat  tentative  experiments. 

In  all  the  flame  spectra  obtained  by  the  oxyhydrogen  blowpipe  the  ultra-violet 
line  spectrum  emitted  by  water  vapour  which  had  been  discovered  by  Husgins 
and  by  Liveinff  and  Dewar  was  visible  on  the  photographs  by  reason  of  the 
combustion  of  &e  hydrogen  in  the  hydrocarbon,  or  the  hydrogen  gas  itself,  when 
burnt  along  with  oxygen.  The  flame  spectra  are  always  shorter  than  those 
obtained  frx>m  the  arc  or  from  condensed  sparks.  After  an  extended  examination 
of  spectra  produced  by  the  oxyhydrogen  blowpipe  from  solid  substances,  the 
knowledge  obtained  was  applied  to  the  examination  of  the  flames  coming  from  the 
Bessemer  vessel  during  the  *  blow '  during  all  periods  from  the  commenoement  to 
the  termination.  These  observations  were  made  at  the  London  and  North- 
western Railway  Steel  Works  at  Crewe ;  and  at  Bowlais,  in  South  Wales.    In 
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coU*borstion  with  Mr.  RamAfre,  a  laige  number  of  these  complioated  speetittnn 
photographed  at  the  North-Eastern  Steel  Works,  where  tbe  Thomaa-Gil^xk 
process  is  carried  oat.  The  spectra  were  fuUj  described  and  measured,  withtbe 
result  that  every  one  of  the  lines  and  bands  was  accounted  for.  A  new  line  bdoog^ 
to  potassium  was  discovered  to  haTepecaliar  properties.  GhtUium  was  proved  to » 
present  in  the  Cleveland  ore  from  lorkshire,  in  the  finished  metal,  in  days  tad  b 
all  aluminous  minerals,  even  in  corundum.  Also,  by  very  accurate  detemnnatiau 
of  the  wave-lengths  of  its  principal  lines,  gallium  was  proved  to  be  a  constitont 
of  tirasun.  Moreover  it  was  found  in  several  meteorites.  Pmre  gallium  oxide 
was  separated,  bv  analytical  methods,  from  iron  ores  and  other  materials ;  and  thi 
proportion  of  the  metal  in  the  steel  rails  made  by  the  North-Eastera  Sted 
Company,  of  Middlesbrough,  was  determined  and  found  to  be  one  part  in  thirty 
thousand.  ThLs  Torkshire  steel  is  richer  in  gallium  than  any  other  substtuR 
from  which  it  has  been  extracted ;  for  instance,  the  Bensbuig  Uende,  supposed 
hitherto  to  be  the  richest  ore,  contains  only  one  part  in  fifty  thousand. 

By  observations  on  the  spectra,  the  thermo-cnemistry  of  the  BesseoMr  proeea 
of  steel  manufiicture  was  studied,  and  the  temperatures  attained  under  varyiof 
conditions  were  estimated.  The  demonstration  of  the  great  volatility  of  nmt 
metals,  and  of  many  metallic  oxides  in  an  undecomposed  condition,  at  thi 
temperature  of  the  oxyhydrogen  blowpipe  and  of  the  Bessemer  flame  wts  of 
special  interest.  The  metals  chiefly  referred  to  are  copper,  silTer,  lesd,  tin, 
manganese,  chromium,  iron,  cobalt,  nickel,  palladium,  ffold,  and  iridium.  Sevsil 
of  these,  such  as  silver  and  gold,  have  lately  been  distiued  in  vacuo  by  Erafii 

Banded  Flame  Spectra. 

Weli-defined  groups  of  elements  yield  banded  flame  spectra  which  have 
a  similar  constitution ;  thus  magnesium,  zinc,  and  cadmium  yield  bands  composed  U 
fine  lines,  degraded  towards  the  violet,  while  fluted  band  spectra  of  befylHan, 
aluminium,  and  indium  were  found  to  bb  degraded  towards  the  red.  Thallion 
also  yields  a  fluted  speetrum;  gallium  gives  a  line  spectrum ;  lanthanum  givM 
bands  degraded  towards  the  red ;  palladium  gives  bands  in  the  nature  of  fladngi 
•composed  of  fine  lines ;  germanium  gave  very  faint  indications  of  bands ;  rhodium 
and  iridium  both  lines  and  bands.  It  became  manifest  that  elements  belonging  to 
the  same  group  in  the  periodic  system  of  classification  exhibited  banded  spectra 
which  are  similarly  constituted,  and  hence  similarly  constituted  molecules  of  tlie 
elements  have  mmUar  modes  of  vibration,  whether  at  the  lower  temperature  of  the 
flame  or  at  the  higher  temperature  of  the  arc  or  spark.  Banded  spectra  axe  thni 
shown  to  be  connected  with  the  periodic  law. 

A  great  advantage  is  to  be  aerived  from  an  investigation  of  banded  spectra 
from  a  theoretical  point  of  view,  as  well  as  from  the  application  of  this  method  to  the 
analysis  of  terrestrial  matter.  While  the  spectra  are  easily  obtained,  they  can  be 
applied  in  a  very  simple  manner  to  the  chemical  analysis  of  minute  quantitiee  of 
material,  and  may  readily  be  made  quantitative. 

M.  Armand  de  Gramont  has  described  a  method  of  obtaining  mctra  of 
metals  and  metalloids  by  means  of  a  spark,  and  has  given  the  analysis  oT  eightj- 
six  mineral  species.  Tbe  novelty  and  importance  of  his  work  lies  in  the  method 
of  obtaining  spectra  of  such  constituent  substances  as  chlorine,  bromine  aad 
iodine,  sulphur,  selenium  and  tellurium ;  also  phosphorus  and  ciu^kui  when  in  a 
state  of  combination,  as  sulphates,  phosphates,  carbonates,  &c. 

There  is  a  possibility  of  utilising  this  method  for  the  quantitative  detenmDS- 
tion  of  carbon,  sulphur,  and  phosphorus  in  iron  and  steel  during  the  proceai  of 
manufacture. 

DefiniHon  of  an  Element, 

In  a  discussion  on  the  question  of  the  elementary  character  of  argon  in  189^ 
U  was  pointed  out  by  me  that  argon  gave  a  distinct  spark  spectrum  by  the  actioo 
0f  oonaensed  sp«rks^  and  therefore,  on  this  evidence  alone,  it  must  be  regarded  as 
an  element.    The  fact  that  it  gave  two  spectra  under  difierent  conditions  was  not 

Digitized  by  CjOOQIC 


TRANSACTIONS  OP  SECTION  B.  601 

oppoeed  to,  nor  did  it  invalidate,  this  evidence*  because  such  an  element  as  nitro- 
gen not  only  emits  two  spark  spectra,  but  the  two  spectra  can  be  readily  photo- 
graphed  simultaneously  from  the  same  ^ark  discharge. 

It  was  proposed  by  M.  de  Gramont  at  the  International  Congress  in  Paris  in 
1900,  and  agreed,  that  no  new  substance  should  be  described  as  an  element  until 
its  spark  sp^strum  had  been  measured  end  shown  to  be  different  from  that  of 
eTery  othw  Jmown  form  of  matter. 

This  appears  to  me  to  have  been  one  of  the  most  important  transactions  of 
the  Congress.  The  first  application  of  this  rule  has  resulted  in  the  recognition 
of  radium  as  a  new  element :  it  is  characterised  by  a  special  spark  spectrum  of 
fifteen  lines  which  have  been  fully  studied  and  measured  by  Demar^ay.  It  shows 
no  lines  of  any  other  element. 

Another  application  of  this  rule  has  recently  been  made  by  Exner  and 
Haschek  with  preparations  of  the  oxide  of  an  element  obtained  by  Demar9ay,  and 
named  europium.    It  exhibits  1193  spark  lines  and  257  arc  lines. 

I  have  already  mentioned  that  one  feature  strikingly  shown  in  the  spectra  of 
chemically  related  elements  was  the  wider  separation  of  the  lines  in  pairs,  triplets, 
or  other  groups  *,  and  that  this  was  in  some  way  related  to  the  atomic  mass,  since 
the  separation  was  greater  in  those  elements  whose  atomic  weights  were  greater. 
Kayser  and  Runge,  and  also  Rydberg,  have  shown  that  in  the  series  of  alkali  metals 
the  atomic  weights  are  very  nearly  proportional  to  the  squares  of  the  differences 
between  the  oscillation  fre<]uencies  of  the  lines,  that  is  to  say,  the  squares  of 
the  intervals  between  the  lines.  Runge  and  Precht  have  recently  shown  that 
in  ever^  group  of  elements  that  are  chemically  related  the  atomic  weight  is 
proportional  to  some  power  of  the  distance  separating  the  two  lines  of  the  pairs 
of  which  the  spectrum  b  constituted.  In  other  words,  if  the  logarithms  of  the 
atomic  weight  and  distance  between  the  lines  be  taken  as  coordinates  the  corre- 
sponding points  of  a  ^up  of  elements  which  are  chemically  related  will  lie  on  a 
straight  line.  Applying  this  law  to  the  determination  of  the  atomic  weight  of 
-radium  they  find  that  the  strongest  lines  of  the  new  element  are  exactly  analogous 
to  the  stroni^est  barium  lines,  and  to  those  of  the  closely  related  elements  ma^ 
nesium,  calcium,  and  strontium.  The  intervals  between  the  two  lines  of  each  pair 
in  the  principal  series,  and  in  the  first  and  second  subordinate  series,  if  measured 
on  the  scale  of  oscillation  frequencies,  are  equal  for  each  element,  snd  the  same 
law  holds  good  for  the  spectrum  of  radium.  From  this  the  value  257*8  was  foimd 
for  the  atomic  mass  of  the  element.  This  does  not  quite  accord  ^^ith  the  number 
obtained  by  Madame  Curie,  who  found  it  to  be  225.  It  will  be  interesting  to  see 
which  number  will  eventually  be  proved  to  be  the  more  correct. 

It  18  now  many  years  since  I  first  pointed  out  that  the  absolute  wave4engths 
of  the  lines  of  emission  spectra  of  the  elements  are  physical  constants  of  quite  as 
great  importance  in  theoretical  chemistry  as  the  atomic  weights ;  in  the  light  of 
recent  discoveries  this  statement  may  be  said  to  be  now  fully  justified. 

Sadio-active  Elements, 

From  the  study  of  ravs  of  measurable  wave-lengths  we  have  istely  sailed 
under  the  guidance  of  M.  Henri  Becquerd  into  another  region  where  it  b  doubtful 
whether  the  rajrs  conform  to  the  undulatory  theory.  In  lact  thera^  are  believed 
to  be  charged  particles  of  matter,  charged,  that  is  to  say,  with  electricity.  Beyond 
doubt  they  are  possessed  of  veiy  extraordinary  properties,  inasmuch  as  they  are 
sble  to  penetrate  the  clothing,  celluloid,  gutta  percha,  glass,  and  various  metals. 
The^  are,  moreover,  endowed  with  a  no  less  remarkable  physiological  actbn,  pro- 
ducing blisten  tfnd  ulcerations  in  the  fleeh  which  are  difficult  to  heaL  It  is  an 
established  fact  that  such  effects  have  been  caused  by  only  a  few  centigrams  of 
a  radium  compound  contained  in  a  glass  tube  enclosed  in  a  thin  metallic  box 
carried  in  the  pocket. 

From  this  we  can  ouite  understand  that  there  is  no  exaraeration  in  the 
statement  attributed  to  the  discoverer,  Professor  Curie,  by  Mr.  W.  J.  Hanmer,  of 
the  American  Institnte  of  Electrical  Engineers,  that  he  would  not  care  to  trust 
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himaelf  in  a  room  with  a  kilopam  of  pare  radium,  because  it  would  doubtlees 
destroy  his  eyesight,  bum  all  the  skin  off  his  body,  and  probably  kiU  him. 

It  remains  for  me  to  express  regret  that  without  an  undue  extension  of  Uw 
time  deToted  to  this  Address  it  would  have  been  scarcely  possible  to  afford 
adequate  treatment  to  the  absorption  spectra  of  inorganic  compounds,  particularly 
those  of  the  rare  earths,  and  sucn  also  as  afford  evidence  of  the  ebemloid  oonstita- 
lion  of  saline  solutions ;  or  of  organic  compounds  closely  related  to  coloured  sub- 
stances and  dyes,  the  inrestigation  of  which  leads  to  the  elucidation  of  the  origin 
of  colour,  and  serves  to  indicate  the  nature  of  the  chemical  reactions  by  which 
coloured  substances  may  be  evolved  from  those  which  are  colourless. 

Chemistry  is  popularly  known  as  a  science  of  far-reaching  importance  to  spedfie 
arts,  industries,  and  manufactures ;  but  it  occupies  a  peculiar  position  in  this  respect, 
that  it  is  at  one  and  the  same  time  an  abstract  science,  and  one  with  an  ever- 
increasing  number  of  practical  applications.  To  draw  a  line  between  the  two  sod 
say  where  the  one  encts  and  the  other  begins  is  impossible,  because  the  theoretlod 
problem  of  to-day  may  reappear  upon  the  morrow  as  the  foundation  of  a  TakaUe 
mvention.  

The  following  Papers  and  Reports  were  read : — 

1.  Apparatus /or  Determining  Latent  Heat  of  Evaporation, 
By  Professor  J.  Campbell  Browk,  D.Sc, 

The  apparatus  exhibited  furnishes  a  direct  method  of  determining  the  latent 
heat  of  evaporation,  at  the  boiling  point,  of  any  volatile  substance  of  wbk^ 
something  approaching  50  grammes  can  be  obtained.  None  of  the  substance  is 
lost,  and  no  comparison  with  any  other  substances  is  required.  The  amount 
evaporated  is  accurately  weighed  and  the  amount  of  heat  employed  in  evaporating 
it  is  accurately  measured. 

From  15  to  20  grammes  of  the  substance  are  placed  in  a  tube  about  10  cm. 
long  and  23  mm.  wide,  which  is  closed  at  one  end  and  drawn  out  at  the 
other  end  to  an  orifice  1*5  mm.  wide.  The  tube  contains  in  its  lower  third  a 
spiral  of  fine  platinum  wire  welded  at  its  extremities  to  thick  platinum  wke 
terounals.  These  terminals  pass  through  the  bottom  of  the  tube  and  dip  into 
mercury  contained  in  (J-sl^AP^  projections  from  the  expanded  neck  of  a  flask  of 
80  to  50  C.C.  capacity.  This  tube  is  heated  to  the  boiling  point  of  the  liquid  in  the 
manner  about  to  be  indicated  and  is  then  closed  temporarily  by  a  ca^  and  caie- 
fuUy  weighed.  It  is  then  replaced  in  the  flask.  A  glass  cap  is  ground  on  to  the 
neck  of  the  flask,  and  is  provided  with  an  orifice  through  which  vapour  can  escape 
into  an  outer  jacket.  The  space  between  the  tube  and  the  cap  and  neck  of  the  flssk 
forms  the  inner  jacket.  A  long  glass  cap  having  an  escape  tube  for  the  condensed 
liquid  is  fixed  over  the  whole  expanded  neck  of  the  flask  by  means  of  a  ring  of 
cork  or  indiarubber. 

A  convenient  quantity  of  the  liquid  is  placed  in  the  flask  and  boiled  by  a 
suitable  bath.  Its  vapour  passes  into  the  jacket  above  and  raises  the  temperature 
of  the  tube  and  its  contents  to  the  boiling  point  of  the  liquid.  When  the  weighed 
tube  and  its  contents  have  been  replaced  and  the  temperature  is  constant,  a  cuirait 
of  electricity  is  passed  through  the  spiral  by  means  ot  the  mercury  in  the  U-tubes. 
The  time  is  noted  and  an  ammeter  in  the  circuit  is  watched  and  recorded  evoy 
two  minutes.  A  voltmeter  is  also  switched  into  the  circuit  every  two  minutes 
and  read.  At  the  end  of,  say,  twenty  minutes,  the  average  amptos  and  volts  are 
recorded.  From  these  data  the  heat  expended  in  evaporation  is  calculated.  The 
tube  is  taken  out  and  re-weighed  to  ascertain  the  weight  of  substance  evaporated 
by  this  quantity  of  heat.  The  double  jacket  of  its  own  vapour  keeps  the  tempe- 
rature constant  at  the  boiling-point  and  prevents  loss  of  heat  into  the  room. 

The  ammeter  and  voltmeter  should  be  accurate  to  at  least  ^^  of  the  total 
reading  employed ;  and  must  therefore  be  more  accurately  calibrated  than  are  the 
best  instruments  usually  supplied  by  the  trade. 

The  first  experiments  snould  be  rejected.  With  practice  the  results  are 
accurate  and  the  method  easy.  The  variations  in  different  cauMriments  by 
different  operators  are  usually  a  small  decimal  figuie.     igitized  by  VjOOgli 


TRANSACTIONS  OP  SECTION  B. 


603 


Ab  an  example  the  results  with  benzene  are  given. 
B  18  the  critical  temperature. 

Latent  Heat  of  Benzene, 


ML 


is  Trouton's  formula ; 


Time 

Cmrent 

Amp. 

E.M.P. 

(toHs) 

10  min. 

3  cells 

0-885 

616 

lOmin. 

4  cells 

M74 

6-92 

10  min. 

4  cells 

with 

1  ohm 

resistance 

1014 

6*93 

Coneot  weight  I  | 

of  sabstanoe  i  Latent  j 

evaporated  {  heat 

(grms.)  I  I 


Mean 


6-904 

12-341 

9-124 


96-08\ 
94-82) 


9*-»n   94.93» 

J; 


ML 

T 

ML 
f 

20-92 

1810 

*  94-4  Griffith  and  MarahaU ;  93-46  Schiff. 


2.  On  some  Derivatives  of  Fluorene.    By  Miss  Ida  Smedlet. 


Action  of  Diastase  on  the  Starch  Granules  of  Raw  and  Malted  Barley. 
By  Arthur  R.  Ling,  FJ,C, 

The  whole  of  the  published  data  referring  to  the  hydrolysis  of  starch  by 
tftase  haTe  been  derived  from  the  study  of  the  action  of  the  enzyme  on  ]>otato- 
Btazch  paste,  and  the  application  of  these  to  practical  purposes  has  led  to  mislead- 
ing and  erroneous  conclusions.  The  starches  of  barley  and  other  cereals  differ  firom 
that  of  the  potato  in  being  readily  attacked  by  a  solution  of  diastase  in  the  ungela- 
tinised  concution. 

The  author  has  carried  out  a  series  of  mashes  with  barley  and  malt  starch  of 
Tariona  origin,  the  starch  being  mixed  with  the  diastase  preparation  in  the  dry 
state  and  mashed  with  water  at  different  temperatures  for  two  hours. 

The  following  table  illustrates  the  results  obtained : — 


Starch  employed 

Mashing 
Temperature 

[a]D  8-98 

B*8-98 

Barley  1899  sample        .        .        .        . 

60^ 

140-8** 

88-7 

n             )»           t« 

66-6 

143-4 

88-2 

M                     M                }» 

71 

1451 

80-6 

,,      1902  sample 

60 

160-7 

84-2 

M                   >»               tt 

66-6 

^  162-3 

790 

t»                   «»                ft 

71 

163-8 

77-8 

Kilned  malt  . 

60 

160-9 

84-4 

»»          »»     •        • 

05-6 

1661 

80-6 

M                      fl           •                 • 

71 

161-3 

67-2 

Low-dried  malt     . 

60 

161-6 

86-3 

If               If        • 

66-6 

162-6 

83-3 

t»               »t        • 

71 

166-7 

66-6 

Barley  starch  (paste) 

66-6 

168-6 

62-4 

Potato  starch  (paste) 

60 

164-6 

81-8 

t>            f*         *i 

66-6 

166-6 

71-5 

M                       »»                  »f 

71 

167-1 

65-3 

*  The  symbol  R  denotes  the  percentage  of  apparent  maltose,  determined  by  the 
cnpric  reduction  method,  on  the  dissolyed  matter  in  solution.  The  symbols 
[a]D  3-93  and  R  3*93  indicate  that  the  total  solids  have  been  calcula^  ~  ~ 
specific  gravity  of  the  solution  by  the  divisor  3-98.  'gitzed  by  ^ 
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The  Tery  great  difiereDces  between  the  constants  ^Ided  by  the  starch  mashefl 
and  the  starch  paste  conversions  are  apparent.  It  is  also  to  be  noted  that  the 
starches  from  aiiferent  bsriejs  give  different  constants,  and  the  author  hopes  to 
continue  his  work  in  this  direction.  He  brings  forward  evidence  showing  that  in 
the  process  of  mashing,  as  conducted  in  breweries,  the  starch  granules  are  dissolved 
directly  by  the  diastase  and  are  not  gelattnised  ^riorto  hydrolysis,  as  it  is  osoally 
stated  they  are.  It  is  probable  that  the  products  tormed  in  these  starch  mashes  are 
different  irom  those  resulting  from  the  nydrolysis  of  starch  paste ;  and  it  is  hoped 
that  a  study  of  the  former  may  3aeld  results  of  both  theoretical  and  practical 
importance. 


4.  Action  of  Malt  Diastase  on  Potato-starch  Paste. 
By  Arthur  R.  Lino,  F.LC, 

Brown  and  Millar  have  shown  that  the  so-called  stable  dextrin — one  of  Uie 
products  of  the  hydrolysis  of  potato-starch  paste  by  diastase — is  converted  by  the 
further  action  of  diastase  into  a  mixture  oi  about  equal  parts  of  c^gluoose  and 
maltose.  The  observation  of  Davis  and  Ling  (next  abstract),  that  no  c^locoee 
is  formed  when  unrestricted  diastase  acts  on  starch  paste,  stands  in  apparent 
antithesis  to  this.  However,  the  author  has  confirmed  the  result  of  Brown  and 
Millar,  and  has  found  further  that  other  isolated  products  of  diastatic  action 
yield  a  proportion  of  <^«luco8e  when  submitted  to  the  further  action  of  un- 
restrictta  diastase ;  thus  the  maltodextrin,  a  of  Ling  and  Baker,  when  treated  m 
B  per  cent,  solution  with  an  active  preparation  of  diastase  at  55^  for  140  hours, 
gave  the  constants  [a]D  3*93  127  6^  R  3*93  105*6,  corresponding  approximately 
with  maltose  90  per  cent.,  c^glucose  10  per  cent.  The  presence  of  10'&  per  cent. 
<}f  c^lucose  in  the  product  was  proved  by  weighing  the  phenylglucoeazone  fonaed 
under  standard  conditions.  Taking  into  account  the  fact  that  potato-etazdi 
paste  is  never  completely  converted  into  maltose,  althou^rh  the  final  product  hfts 
the  constants  of  that  sngar,  and  that  a  substance  is  always  present  which  is 
identical  with  the  isomaltose  of  C.  J.  Lintner,  the  simple  dextrin  of  liog  and 
Baker,  and  the  deztrinose  of  Syniewski,  which  when  isolated  and  auhmitted 
to  the  action  of  diastase  yields  d^glucoae,  the  author  suggests  that  the  reaaoa 
no  </-glucose  can  be  detected  among  the  products  of  the  action  of  un* 
restricted  diastase  on  starch  paste  is  that  that  sugar  is  immediately  condensed  by 
the  action  of  the  enzyme  forming  dextrinoee.  When,  however,  diastase  is  pre- 
heated, its  condensing  action  is  weakened,  and  the  if-glucose  formed  can  be 
isolated.  Attempts  to  condense  <^lucose  or  mixtures  of  it  with  maltose  have 
not  been  successful. 


5.  Action  of  Malt  Diastase  on  Potato-starcl^  Paste, 
By  Bernard  F.  Davis,  B.Sc,  and  Arthur  R.  Ling,  F.LC. 

In  a  previous  paper  ^  it  was  rhown  that  when  malt  diastase  is  heated  in 
aqueous  solution  above  the  temperature  at  which  the  activity  of  the  enzyme  ia  at 
its  optimum,  namely  55^,  the  reaction  with  potato-starch  paste  at  about  55*^  is  not 
only  slower,  but  different  products  arc  formed;  thus  c2-glucose  can  be  readily 
isolated  from  them  after  the  reaction  has  been  allowed  to  proceed  foraeveral 
hours.  Special  experiments,  employing  the  same  quantities  of  diastase  which  has 
not  been  heated  in  solution  above  65*^,  show  that  c^glucose  is  not  formed  either 
from  starch  paste  or  from  maltose.  It  therefore  appears  that  the  produc- 
tion of  this  sugar  is  connected  with  the  preheating  of  the  hydrc^ytic  a^ent  in 
solution  above  55°.  As  a  result  of  a  very  large  number  of  new  experiments, 
which  will  be  published  shortly,  the  authors  have  arrived  at  the  following 
conclusions. 

>  Jaum.  Fed,  Inst.  Brett,  1902,  8,  475. 
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The  efieot  of  heating  a  solution  of  diastase  as  above  indicated  is  to  weaken 
its  action  and  also  to  produce  an  alteration  in  the  enxyme  molecule,  which  is 
moreover  a  nennanent  one,  for  the  diastase  retains  its  altered  properties  when 
Teprecipitated  from  its  solution  by  alcohol  and  aUowed  to  act  on  starch  paste  at 
or  below  55^  The.  alteration  of  the  diastase  is  assumed  hj  the  production  of 
<i-ffIuco8e  when  it  acts  on  starch  paste,  and  it  appears  to  commence  when  a 
eolation  of  the  enzyme  is  heated  below  60^;  although,  judgmg  fbom  the  small 
amount  of  e^glucose  formed  by  its  action,  the  change  at  the  last-named  tem- 
perature is  not  complete.  As  the  temperature  of  preheating  the  solution  is  increased, 
the  amount  of  c^^lucose  it  is  capable  of  producing  also  increases,  the  maximum 
amount  being  obtained  by  the  action  of  diastase  which  has  been  preheated  in 
solution  at  6^  to  70®  for  fifteen  to  thirty  minutes.  Above  this  temperature  the 
destruction  of  the  enzyme  is  so  rapid  that  a  much  lar^r  proportion  or  it  has  to  be 
emplo3red  to  attiun  the  stage  of  the  reaction  at  which  a- glucose  appears.  8till 
i^lucose  is  formed  by  diastase  which  has  been  restricted  at  temperatures  up  to 
7^,  and  probably  above  this.  It  has  been  observed  in  all  cases  that  when,  after 
the  maximum  amount  of  li-glncose  has  been  formed,  the  solution  is  Iropt  at  the 
temperature  of  hydrolysis,  usually  55%  the  sugar  just  mentioned  dimmishes  in 
amount,  and  the  occurrence  of  this  apparent  condensing  action  of  the  enzyme  may 
probably  explain  the  failure  in  several  cases  to  detect  (^glucose  among  the  products 
of  hydrolysb  (compare  the  previous  abstract).  The  maximum  amount  of  ({-glucose 
formed  in  any  case  does  not  exceed  about  12  per  cent,  of  the  total  hydrolytic 
products. 

6.  The  Chemical  and  Physical  Charaetera  of  the  so-called  *  Mad-stone  J 
By  Dr.  H.  C.  White. 

It  is  a  widespread  current  superstition  in  the  Southern  States  of  America  that 
the  stii:^  of  a  venomow  snake  and  the  bite  of  a  rabid  animal  (dog,  &c.)  may  be 
detected  and  discriminated  from  an  innoxious  wound,  and  the  venom  of  the  wound 
extracted,  by  application  of  what  is  called  the  '  mad-stone.'  Several  of  these  stones 
came  opportunely  into  the  hands  of  the  author,  and  an  examination  of  their 
character  was  made. 

The '  mad-stone '  of  current  superstition  is  a  very  rare  concretionary  calculus 
found  in  the  gullet  of  the  male  deer.  As  extracted  it  resembles  a  water-worn 
pebble,  oblong  in  form,yarying  in  size,  but  not  greater,  perhaps,  than  3  inches  in 
length  by  H  inch  in  thickness.  A  smooth  flat  suriace  is  given  to  one  side  by 
rasping.    The  examination  was  directed  to  the  following  points : — 

1.  Chemical  Composition, — Found  to  be  chiefly  tri-calcic  phosphate.  Exact 
figures  of  analyses  given. 

2.  Adherence  to  Cut  and  Tom  Flesh-wounds. — Found  to  vary  with  the 
mechanical  character  of  the  wound  and  the  mode  of  application  of  the  stone, 
witiiout  regard  to  venomous  or  non-venomous  character  of  the  wound. 

8.  Absorbing  Power. — Immersed  in  water  the  stones  were  found  to  absorb  to  an 
extent  of  5  per  cent,  of  their  weight.  Applied  to  fresh  wounds  and  carefully 
adjusted,  blood  and  other  fluid  absorbed  to  a  maximum  extent  of  2*3  per  cent,  the 
weight  of  the  stone. 

4.  Character  of  Matter  absorbed, — ^The  stone  after  application  to  the  wound 
is  boiled  with  water,  or  milk  (in  accordance  with  the  superstition).  The  fluid  is 
discoloured,  and  is  shown  to  be  toxic  in  the  case  of  a  known  venomous  wound*  No 
diffarence  in  discoloration  is  observable  in  venomous  and  non-venomous  wounds. 
That  the  stones  are  not  curative  is  shown  by  the  death  of  animals  from  venomous 
wounds  after  application  of  the  stone. 

The  literature  of  the  subject  has  been  examined.  The  '  mad-stone '  super- 
stition seems  quite  ancient.  It  was  current  in  New  England  in  Puritan  times. 
The  author  has  in  his  possession  an  authenticated  *  mad-stone '  dating  from  1654. 
This,  however,  is  a  moderately  porous  sandstone^  entirely  difierent  from  the 
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modern  '  mad-ttone '  of  the  Southern  Statee.    It  it  pecolUr  in  form,  and  ^^fpean 
■omewhat  as  a  water- worn  pebble. 

Specimens  of  the  corient  '  mad-etooe '  were  exhibited  in  iUnstn^on  of  the 
W^'  

7.  On  the  Reduction  of  NilrcUea  by  Sewage.    By  Professor  E.  A.  Letts, 
D.Sc,  Fh.D.,  R.  F.  Blakb,  F.I.C,  and  J.  S.  Totton,  B.A. 

The  object  of  this  inyestigation  was  to  ascertain  to  what  extent,  and  with  n^iat 
n4iidit7,  the  nitrogenous  constituents  of  sewage  can  be  broken  down  by  a  auitabij 
arranged  scheme  of  purification,  so  that  their  nitrogen  is  evolred  in  the  gaseom 
state.  It  is  well  known  that  in  the  most  efficient  systems  of  sewage  purification 
1^  natural  methods  the  resulting  effluent  is  comparatively  free  from  ammonia  and 
organic  nitrogen,  but  is  chargea  with  nitrates.  These  latter,  however,  do  not 
correspond  in  amount  with  the  quantities  of  the  two  former  originally  present,  bat 
are  always  less,  and  two  of  the  authors  have  shown  that  during  the  treatment  of 
sewa^  b^  the  so-called  '  contact '  or  *  bacteria '  beds  a  considerabb  quantity  of  the 
combinea  nitrogen  escapes  as  free  nitrogen.^ 

The  researdiee  of  Gayon  and  Dupetit,  Tacke,  Adeney,  and  others  have  shown 
that  nitrates  are  themselves  decomposed  when  in  contact  with  sewage  with  evolu- 
tion of  nitrogen  or  it«  oxides,  and  carbonic  anhydride. 

It  therefore  seemed  possible  that  by  a  judicious  combination  of  the  two  pro- 
cesses, t>.  production  and  destruction  of  nitrates,  a  considerable  proporticm  and 
possibly  most  of  the  combined  nitrogen  present  in  sewage  might  be  converted 
into  free  nitrogen,  and  as  a  consequence  the  resulting  effluent  1^  deprived  cuf  its 
fertilising  properties  in  relation  to  vegetation. 

Such  a  result  might  appear  useless,  and  even  wasteful,  under  ordinary  drcmn- 
stanoes,  but  in  the  case  of  the  sewage  of  Belfast,  and  probably  in  that  o£  odter 
towns  similarly  situated,  it  is  really  necessary.  At  Belfast,  at  all  events,  one  ol 
the  authors  has  shown  that  the  growth  in  enormous  quantities  of  the  ^reen  sea- 
weed Ulva  latissima  and  the  resulting  nuisance  which  occurs  when  it  is  washed 
ashore  and  putrefies — as  happens  each  summer — is  directly  due  to  the  fertiUatng 
properties  of  the  sewage  ot  the  city,  which  is  poured  into  the  lough  in  an  un- 
treated condition.^ 

The  experiments  conducted  by  the  authors  consisted  of~(I.)  a  study  of  the 
changes  vrhich  occur  when  ^tassium  nitrate  is  added  to  the  effluent  from  a 
septic  tank,  and  the  speed  with  which  they  occur ;  (IL)  an  investigation  aa  re- 
gards the  cause  of  these  changes;  (III.)  the  action  ofpure  cultures  of  specific  micro- 
organisms in  broth  containing  potsssium  nitrate. 

L  The  Chemical  Changes  occurring  when  Potassium  Nitrate  is  added  to  the 
JSffluent  from  a  Septic  Tank. 

The  method  of  experiment  consisted  in  completely  filling  two  dmilar  bottles 
(which  were  then  tightly  stoppered),  one  with  the  septb-tank  effluent  alone  and 
the  other  with  the  same  effluent  p/u«  an  accurately  measured  volume  of  a  stnmg 
standardsolutionof  potassium  nitrate  (Ice.  B  10  mgs.  nitric  nitrogen).  Allowing 
the  two  bottles  so  filled  to  remain  at  the  temperature  of  the  laboratory  for  a  given 
interv^  of  time,  their  contents  were  examined  quantitatively  as  re^uds  (a)  dis- 
solved gases,  (b)  nitrates,  (c^  nitrites,  (d)  free  and  albuminoid  ammonia. 

Practically  all  the  experiments  (which  were  eight  in  number)  were  made  with 

*  *  On  the  Chemical  and  Biological  Changes  oocoiring  during  the  Treatment  of 
Sewage  bv  the  so-called  Bacteria  Beds/  by  Professor  Letts,  D.^  Ph  D.,  and  B.  F. 
Blake,  F.C.8.,  B.A,  Rw.  1901. 

'  This  used  to  be  the  casCf  but  works  for  the  purification  of  the  sewage  are  bdng 
pushed  on  rapidly,  and  at  the  present  time  a  considerable  proportion  is  being 
purified. 
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miztures  of  potasaium  nitrate  and  septic-tank  effluent  containing  2*5  parts  of 
nitric  nitrogen  per  100,000  in  the  case  of  the  nitrated  samples.  Tne  chief 
general  condosions  arrived  at  were  as  follows : — 

(1)  Potasaium  nitrate  (and  no  doubt  any  other  nitrate  likely  to  be  produced  in 
a  sewage  effluent)  is  decomposed  by  the  septio-tank  effluent,  and  the  nitric 
nitrogen  is  eyolyedy  sometimes  entirely  as  free  nitrogen,  sometimes  partly  as  nitric 
oxide.  Nitrous  oxide  may  also  be  formed,  but  the  evmence  on  that  point  is  not  as  yet 
conclusive.^  The  action  seems  to  vary  with  different  samples  of  septio-tank  effluent, 
but  in  four  of  the  eight  experiments  the  theoretical  quantity  of  nitrogen  [corre- 
sponding with  the  added  nitrate]  was  found  either  as  free  nitrogen  alone  or  along 
with  nitric  oxide. 

There  is  no  evidence  from  the  authors*  experiments  to  show  that  any  con- 
siderable quantity  of  these  gases  is  produced  from  either  the  free  ammonia  or  the 
organic  nitrogen  present  in  the  septio-tank  effluent. 

(2)  The  general  character  of  the  change  is  that  of  combustion,  the  oxygen  of 
the  nitrate  eventually  appearing  either  partly  or  entirely  in  the  form  of  carbonic 
anhydride. 

(3)  In  some  of  the  experiments  a  little  nitrite  was  produced,  but  in  the 
majority  none  was  found  at  their  conclusion. 

(4)  The  destruction  of  the  nitrate  occurs  with  remarkable  rapidity,  and  in 
most  of  the  experiments  the  whole  of  the  added  nitrate — equivalent  to  2*5  parts  of 
nitric  nitrogen  per  100,000  of  mixture — ^was  decomposed  in  twenty-four  hours. 

(5)  In  Mldition  to  the  decomposition  of  the  nitrate  and  evolution  of  carbonic 
anhydride  the  fermenting  liquid  experiences  other  changes. 

There  is  always  a  Iom  of  free  ammonia,  and  as  a  rule  a  ffain  in  albuminoid 
ammonia,  but  the  former  generally  exceeds  the  latter.  Thus  in  six  experiments 
the  average  loss  of  free  anunonia  amounted  to  0*266  part  per  100,000,  while  the 
corresponding  gain  in  albuminoid  ammonia  was  only  0'16d,  or  rather  more  than 
half  me  preoedmg  figure. 

It  m&j  also  be  mentioned  that  in  two  of  the  experiments  marsh  gas  was  found, 
not  only  in  the  septic  tank  effluent,  but  also  in  the  nitrated  fluid,  and  it  is  some- 
what remarkable  that  more  of  die  gas  was  found  in  the  latter  than  in  the  former. 

Towards  the  end  of  the  investigation  the  effects  of  aeration  were  studied. 
Paralld  experiments  were  made,  in  one  of  which  the  septio-tank  effluent  was 
thoroughly  aerated  before  mixing  it  with  the  nitrate,  wnile  in  the  other  the 
same  quantity  of  nitrate  was  ad<kd  to  the  non-aerated  effluent  In  both  experi- 
ments  tiie  whole  of  the  nitrate  was  decomposed  in  twenty-four  hours  with  evolu- 
tion of  the  equivalent  quantity  of  nitrogen  gas.  In  the  aerated  sample  no  marsh 
gas  was  formed,  but  a  considerable  excess  ot  carbonic  anhydride  was  produced,  the 
total  volume  per  litre  of  fluid  being  67*1  o.c,  whereas  the  amount  corresponding  with 
the  added  nitrate  plus  the  oxygen  dissolved  from  the  air  was  49'S  +  6*53  «  65*33. 
In  the  non-aerated  sample  some  marsh  gas  was  formed,  but  considerably  less 
carbonic  anhvdride. 

The  results  obtained  in  this  investigation  suggest  in  part,  at  all  events,  an 
explanation  of  the  production  of  free  nitrogen  in  tne  'contact '  beds  commonly 
employ  in  the  purification  of  sewage.  These  during  the  period  they  are  in  con- 
tact with  air  no  doubt  become  chari^  with  nitrates,  and  the  latter  are  then  de- 
stroyed when  the  beds  are  filled  with  sewage. 

IL  Cause  of  the  Decomposition  of  Nitrates  when  m  Contact  with  a 
Putrefying  Liquid, 

In  order  to  ascertain  whether  the  action  was  brought  about  entirely  by  the 
vital  processes  of  micro-organisms,  and  was  not  due  to  enzymes  excreted  by  them 
or  to  purely  diemical  chains,  an  apparatus  was  devised  in  which  the  septio-tank 
effluent  was  passed  through  a  Chamberland  filter  and  thence  into  a  sterilised  flask 

I  Gayon  and  Dapetit  found  all  three  gases. 
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from  which  it  was  drawn  by  a  yacuum  pump  into  two  sterilised  tabes  of  sufBdeztt 
capacity,  one  of  which  contained  a  measured  volume  of  the  nitrate  solution,  and 
these  tubes  when  filled  were  closed  by  pinch-cocks  applied  to  indiarubbcor  junc- 
tions. At  the  end  of  sixty-six  hours  analyses  were  made  of  the  diasolved  gases 
contained  in  the  contents  of  both  tubes,  when  it  was  found  that  they  were  ptaeti- 
oally  identical,  and  that  the  nitrate  had  not  been  decomposed.  The  results  of  thb 
experiment  appear  to  be  conclusive.  Hie  septic-tank  effluent  deprived  of  tiie 
mi<»n)-organiBms  which  it  contains  has  no  action  upon  a  nitrate.  The  deoon- 
position  of  the  latter  must  therefwe  be  caused  entirely  by  the  ,  vital  processes  of 
certain  micro-organisms,  and  not  by  enzynuc  or  chemical  action. 

IIL  The  Micro-^rganUjM  which  reduce  Nitrate$  with  Evolution  of  Nitrogen 
Qas  or  Oxides  of  Nitrogen, 

Gayon,  Springer,  Deheraine,  Ifaquenne,  and  others  have  isolated  organisms 
from  putrefying  liquids  which  decompose  nitrates  with  evolution  of  nitrogen  or 
its  oxides,  but  so  far  as  can  be  judged  from  the  printed  abstracts  of  their  woik 
the  identification  of  the  species  with  known  forms  was  either  wanting  or  was 
incomplete.  It  occurred  to  the  authors  that  as  the  action  is  one  of  reduction  it 
would  be  worth  while  to  study  the  efiiocts  of  those  micro-orffanisms  whick  are 
known  to  cause  the  evolution  of  hydrogen,  such  as  B,  Amymwier,  B,  butyriau 
(Botkin)^  B.  Lactis  aerogenes,  and  A,  CoH  communiB,  and  as  pure  cultures  o£  the 
latter  happened  to  be  available  experiments  were  made  with  them. 

An  apparatus  was  constructed  which  permitted  the  introduction  of  pure  cul- 
tures into  a  vessel  filled  with  sterilised  broth  containing  j^tassium  nitrate  from 
which  the  dissolved  gases  had  been  removed  by  boiling  out  m  a  vacuum. 

With  this  apparatus  experiments  were  first  made  on  the  action  of  pure  cultures 
of  B,  Coli  communis  and  B,  Lactis  aerogenes  on  broth  alone.  These  were  cod- 
ducted  at  ordinary  temperatures,  and  the  fluid  examined  for  dissolved  gases  as  soon 
as  a  few  bubbles  of  liberated  gas  had  made  their  appearance.  The  dissolved  gases 
were  found  (after  removing  carbonic  anhydride)  to  consist  entirely  of  hydn^^en. 

Experiments  were  then  made  with  cultures  of  the  same  organisms  and  nitrated 
broth,  and  although  they  are  not  as  yet  completed  the  results  so  far  obtained 
show  that  B,  Coli  communis  liberates  nitrogen  from  a  nitrate  in  broth  culture ; 
B,  Lactis  aerogenes  does  not  do  so. 

The  authors  desire  to  express  their  thanks  to  Professor  Lorrain  Smidi,  who 
supplied  the  pure  cultures  and  gave  most  valuable  assistance  and  advice  during  the 
bacteriological  part  of  the  investigation. 


8.  On  a  Method  for  the  Separatum  of  Cobalt  from  Nickel^  and  the  Volumetric 
Determination  of  Cobalt.     By  R.  L.  Tatlor,  F.LC, 

It  has  been  long  known  that  cobalt  is  precipitated  from  its  solutions  as  a  higher 
oxide  b^  the  carbonates  of  barium,  strontium,  and  calcium,  in  presence  of  chlorine 
or  bromine.  Lonff  ago  Rose  proposed  this  as  a  means  of  separating  cobalt  from 
nickel,  but  he  made  the  mistalie  of  using  a  strongly  acid  solution.  Of  course  the 
excess  of  acid  was  neutralised  by  the  added  carbonate,  but  the  carbon  dioxide 
thus  produced  retards  enormously,  if  it  does  not  altogether  prevent,  the  complete 
precipitation  of  the  cobalt.  The  author  has  found  ^  that  if  a  perfectly  neutral  and 
not  too  concentrated  solution  is  used,  cobalt  is  precipitated  quantitatively  as  a 
black  oxide  in  five  or  ten  minutes  by  either  barium  or  calcium  carbonate  in  pre- 
sence of  bromine  water.  The  two  carbonates  appear  to  act  equally  well,  but  the 
former  is  to  be  preferred  if  the  subseauent  removal  of  the  added  metal  is  desired. 
Whichever  carbonate  is  used  it  should  be  in  the  precipitated  form,  and  it  is  best 
made  into  a  paste  with  water.    If  the  liquid  from  which  the  cobalt  is  to  be  pre- 

*  Memoirs  of  the  Mart  Chester  Literary  and  Philosophical  Society  ^  vol.  xlvi.  1902, 
No.  11,  and  vol.  xlvii.  1903,  No.  12. 
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optated  is  acid|  the  acid  may  be  neutralised  by  adding  excess  of  tbe  carbonate, 
but  tbe  liquid  must  then  be  well  boiled  to  expel  all  the  carbon  dioxide,  and  then 
cooled  before  the  bromine  water  is  added.  Not  only  does  free  carbonic  acid  pre- 
Tent  the  precipitation  of  the  cobalt,  but  zinc  also  considerably  interferes  with  tbe 
reaction.  A  very  small  amount  of  that  metal  seriously  retards  the  precipitation 
of  the  cobalt,  and  a  large  amount  almost  stops  it  altogether. 

The  author  has  ascertained  the  composition  of  the  precipitated  black  oxide  of 
eobalt  by  dissolying  it  in  a  mixture  of  hydrochloric  acid  and  potassium  iodide,  and 
determining  the  amount  of  iodine  liberated.  It  is  fairly  constant  in  composition, 
and  approximates  closely  to  the  formulae  0090,4  and  Oo-O,^.  Which  of  these 
more  correctiy  rej^resents  its  composition  he  is  unable  to  aecide,  but  he  suggests 
that  its  composition  is  sufficiently  uniform  to  enable  it  to  be  used  as  a  means  for 
the  yolumetnc  determination  of  cobalt,  by  finding  the  amount  of  iodine  which  it 
liberates.  The  process  has  been  tested  by  Mr.  J.  H.  DaTidson,  B.Sc.,  in  the  assay 
of  cobalt  ores,  and  he  finds  it  far  more  rapid  than  the  processes  generally  in  use, 
and  at  the  same  time  quite  sufficientiy  accurate  for  assay  purposes. 


9.  Report  of  the  CommUtee  on  iBomorphous  Sulphonic  Derivatives  of 
Benzene, — See  Reports,  p.  85. 


10.  Report  of  the  Committee  on  leomeric  Naphthalene  Derivatives. 
See  Reports^  p.  174. 


11.  Report  of  the  Committee  on  the  Possibility  of  making  Special  Reports 
more  available  than  cU  present, — See  Reports,  p.  169. 


FRIDAY,    SEPTEMBER    11. 

The  following  Papers  and  Report  were  read  :— 

Investigations  at  Low  Temperatv/res : — (a)  Densities  of  Solid  Hydrogen^ 
Nitrogen^  and  Oxygen  ;  (b)  Methods  of  producing  Solid  Hydrogen  and 
Nitrogen  ;  (c)  Latent  Heats j  Specific  HecUs,  and  Coefficient  of  Exjjansum 
of  Liquid  Hydrogen.    By  Professor  James  Dewab,  LL.D.,  F.R.S. 


2.  The  Application  of  Low  Temperatv/res  to  the  Study  of  Biological 
Problems.    By  Allan  Macfadyen,  3£.D. 

The  cellular  doctrine  lies  at  the  basis  of  modem  biological  research.  Living 
matter  in  its  simple  and  complex  conditions  consists  essentudly  of  protoplasm  wi^ 
a  contained  body  or  nudeus.  The  two  elements,  plasmon  and  nucleus,  constitute 
the  elementary  organism — the  cell.  The  lowest  individual  forms  of  life  ai« 
represented  by  a  single  cell,  and  such  unicellular  organisms  may  be  either  of  a 
Tegetable  or  animal  type.  The  cells  in  each  instance  exist  as  iree  Uving  and 
independent  organisms.  The  higher  forms  of  life  are  built  up  of  parts  in  which  tiie 
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sUuctural  unit  remains  the  eell,  despite  the  modiiicatioiis  the  cell  necessarily  asder- 
goes  as  a  fixed  element  in  the  various  tissues  and  organs.  All  phases  of  animal 
and  plant  life  are  demoD6trably  of  cellular  ori^  and  orsanisation,  and  their  yital 
manifestations  represent  the  summed-up  activities  of  cells.  Every  vital  problem 
therefore  is  ultimately  a  cellular  problem,  and  a  direct  study  of  the  cell,  in  so  £u^ 
as  may  be  possible,  is  the  keynote  of  the  probl^n  it  is  desired  to  investigate. 
A  histologic^  technique,  aided  by  the  microscope,  will  naturally  be  enmlbyed 
where  it  is  desired  to  study  the  relations  of  parts  and  the  structural  ormusatkin 
of  the  tissues  and  their  eeUular  elements.  Ihe  soluble  products  of  the  living  cell 
spontaneously  present  themselves  for  examination  by  chemical  and  other  meaot. 
It  is  otherwise  with  regard  to  the  agencies  acting  and  the  processes  occurring' 
within  the  confines  of  the  cell.  These  are  natumlly  beyond  the  range  of  th» 
ordinary  methods  of  observation.  The  essential  processes  o£  life  are  intra-cellnkr 
and  intimately  bound  up  with  the  living  substance  of  the  cell,  and  of  these  but 
lew  data  are  possessed.  The  importance  of  the  proUeims  involved  is  as  great  as 
theb  investigation  is  difficult.  The  cell  exercises  its  vital  functions  in  virtue  of  a 
•pedfic  physical  and  chemical  organisation  of  its  molecular  constituents.  The 
ordinary  methods  of  biological  and  chemical  research  modify  or  destroy  this 
organisation,  and  do  not  admit  of  an  intimate  study  of  the  nomutl  cell  constituents. 
For  this  purpose  it  is  essential  to  eliminate  or  to  reduce  to  a  minimum  the  influence 
of  external  modifying  agents  on  the  cell  or  its  immediate  products.  An  intra- 
cellular physiology  can  only  be  based  on  a  direct  study  of  intra-cellular  consti- 
tuents apart  from  their  secretions  and  products.  This,  under  ordinary  circum- 
stances, IS  impossible,  with  respect  to  actively  functionating  and  intact  ceUs.  It 
is  obvious,  therefore,  that  the  first  desideratum  is  a  suitable  method  of  obtaining 
the  cell  plasma  for  experimentalpurposes,  and  it  is  only  recently  that  this  has 
been  successfully  accomplished.  The  most  feasible  means  of  procedure  appeared 
to  be  the  use  of  mechanical  agents  which,  whilst  bringing  the  cell  suostance 
within  the  firid  of  observation,  would  at  the  same  time  be  least  likely  to 
affect  its  character  and  constitution.  The  method  connsts  in  a  mechanical  rt^ture 
of  tiie  cells  and  the  release  of  their  contents  under  conditions  favouring  the 
conservation  of  their  properties.  The  first  successful  application  of  this  descrip- 
tkm  of  method  was  made  oy  Buchner  in  the  particular  instance  of  the  veast  cell, 
and  with  brilliant  results.  The  researches  of  Buchner  were  of  wide  Wlogieal 
significance,  and  were  suggestive  of  much  more  than  a  cell-^ree  alcoholic  fermen- 
tation of  sugars.  They  demonstrated  the  possibilities  of  the  new  methods  witli 
regard  to  more  general  vital  problems.  The  Buchner  process  consisted  in  a 
mechanical  trituration  of  the  yeast  cell  with  the  aid  of  sand,  and  a  subsequent 
filtration  of  Uie  resultant  mass  under  pressure  through  Kieselguhr.  The  filtrate 
contained  the  ei^ressed  constituents  of  the  yeast  cell  which  were  capable  of 
passing  through  Kieselguhr,  and  the  product  in  virtue  of  its  fermentative  properties 
was  termed  *  Zymsse.' 

The  writer  and  his  colleagues  have  during  the  past  four  years  been  engaged  in 
investigating  the  application  of  cognate  methods  to  biological  roseardi.  The 
advice  and  help  generously  afforded  by  Professor  James  Dewar  materially 
forwuded  the  progress  of  the  research. 

It  was  considered  that  by  the  employment  of  low  temperatures  a  disintegra- 
tion of  living  cells  might  possibly  be  accomplished,  and  a  wide  field  of  inquiry 
opened  to  investigation  in  the  biological  laboratory.  For  this  purpose  the  meuiods 
of  medianical  trituration  required  refinement  in  several  directions. 

The  conditions  it  was  desired  to  fulfil  were,  a  rapid  disintegration  of  the  firesh 
tissues  and  cells,  an  avoidance  of  heat  and  other  modifying  agents  during  the 
process,  and  an  immediate  manifestation  of  the  cellular  juices  obtained. 

It  had  likewise  been  noticed  that  ordinary  filt^  pressing  through  Kieselguhr 
removed  physiologically  active  substances  from  the  cell  joiees.  liquid  air  appMied 
to  be  the  most  convenient  means  of  obtaining  the  necessaiy  cold,  and  it  presented 
the  advantage  of  a  fluid  freezing  medium,  in  which  the  material  to  be  manipulated 
could  be  directly  immersed.  The  temperatare  of  this  reagent  (about  -190^0.) 
would  in  addition  prevent  heat  and  chemical  changes,  whilst  nducing  the  cells 
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to  a  condition  of  brittleness  favourable  to  their  trituration  without  the  addition  of 
such  subetances  as  sand  and  Kieselguhr,  which  might  modify  tlve  composition  of 
the  resultant  product. 

The  method,  if  successful,  would  meet  the  conditions  desired  for  the  subse- 
quent study  of  the  intracellular  juices.  It  majr  be  briefly  stated  that  by  the 
application  of  low  temperatures  a  mechanical  trituration  of  every  variety  of  cell 
per  86  has  been  accomplished,  and  the  fresh  cell  plasma  obtained  for  the  purpose 
of  experiment.  A  number  of  control  experiments  have  demonstrated  that 
immersion  in  liquid  air  is  not  necessarily  injurious  to  life— bacteria,  for  example, 
having  survived  a  continuous  exposure  for  six  months  to  its  influence.  The  actual 
trituration  of  the  material  is  accomplished  in  a  specially  devis^  apparatus,  which  is 
kept  immersed  during  the  operation  in  liquid  air. 

The  normal  and  diseased  animal  tissues  have  been  treated  in  this  manner,  and 
their  intracellular  constituents  obtained— «.y.  epithelium,  cancer  tissues,  &c. 

Moulds,  yeasts,  and  bacteria  have  been  rapidly  triturated  under  the  same  con- 
ditions and  the  respective  cell  juices  submitted  to  examination. 

The  severest  test  of  the  capabilities  of  the  method  was  furnished  by  the 
bacteria,  an  order  of  cells  for  which  the  standard  of  measurement  is  the  mtkron. 
The  experiments  proved  successful  in  every  instance  tested.  The  typhoid  bacillus, 
for  example,  is  triturated  in  the  short  space  of  two  to  three  hours,  and  the  demon- 
stration W  been  furnished  that  the  typhoid  organism  contains  within  itself  a 
toxin.  From  these  and  other  researches  it  has  be^me  evident  that  there  exists  a 
distinct  class  of  toxins  and  ferments  which  are  contained  and  operate  within  the 
cell  or  bacterium,  in  contradistinction  to  the  now  well-known  class  of  toxins,  which 
are  extra-cellular — t.^.  extruded  during  life  from  the  cell  into  the  surrounding 
medium.  To  this  latter  class  belongs  the  diphtheria  toxin,  which  has  been  so 
successfully  used  in  the  preparation  of  diphtheria  antitoxin.  A  number  of  infective 
organisms  do  not  produce  appreciable  extra-cellular  toxins,  and  the  search  must 
therefore  be  made  within  the  specific  cells  for  the  missing  toxins  to  which  the 
intoxication  of  the  body  in  the  course  of  the  disease  in  question  is  probably 
due.  The  practical  utility  of  investigating  these  intracellular  toxins  has  already 
become  evident  in  the  preparation  from  the  intra-cellular  toxin  of  the  typhoid 
bacillus  of  a  serum  having  antitoxic  value  as  regards  this  toxin. 

The  experiments  made  with  the  pus  organisms  have  already  shown  that  intra- 
cellular toxins  exist  in  this  important  order  of  disease  germs.  The  cell  juices 
of  other  types  of  pathogenic  bacteria  such  as  the  tubercle  and  diphtheria  bacillus 
present  characteristics  of  equal  interest. 

The  application  of  low  temperatures  has  aided  the  investigation  of  certain 
other  biological  problems. 

The  photogenic  bacteria  preserve  their  normal  luminous  properties  after 
exposure  to  the  temperature  of  liquid  air.  The  effect,  however,  of  a  trituration  at 
the  same  temperature  is  to  abolish  the  luminosity  of  the  cells  in  question.    This 

Soints  to  the  luminosity  being  essentially  a  function  of  the  living  ceU,  and  depon- 
ent for  its  production  on  the  intact  organisation  of  the  cell. 

The  rabies  virus  has  not  yet  been  detected  or  isolated,  although  regarded  as  an 
organised  entity.  The  seat  of  the  unknown  rabies  virus  is  the  nervous  system. 
If  the  brain  substance  of  a  rabid  animal  be  triturated  for  a  given  length  of  time  at 
the  temperature  of  liquid  air,  its  infective  properties  as  regards  rabies  are  abolished. 
This  result  appears  to  be  a  further  indication  of  the  existence  in  rabies  of  an 
organised  virus. 

The  method  described  admits  of  a  fresh  study  of  the  question  of  immunity 
from  an  intra-cellular  standpoint. 

The  intra-cellular  juices  of  the  white  blood-cells  have  been  obtained,  and 
tested  with  regard  to  bacteriolytic  properties,  and  the  natural  protection  that  may 
thus  be  afforded  to  the  body  against  the  invasions  of  micro-parasites. 

The  application  of  low  temperatures  to  the  study  of  biological  problems  has 
furnished  a  new  and  fruitful  method  of  inquiry. 
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3.  Report  of  Hie  CommitUe  on  securing  Duty-free  Alcohol  for  Scientific 
Research, — See  Reports,  p.  170. 


4.  The  Cause  of  the  Lustre  produced  on  Mercerising  Cotton  under  Tension, 
By  Julius  HCbneb,  F.C.S.^  and  Wiluam  J.  Pope,  F,R.S. 

It  is  genermlly  fupposed  that  the  productloii  of  a  lustre  on  treating  stretched 
cotton  yam  with  strong  caustic  soda  is  conditioned  hj  only  two  factors — ^naaiely, 
by  the  simultaneous  swellixig  and  shrinking  of  the  fibres.  The  authors  show, 
howeyer,  that  a  third  effect  is  essential  to  the  production  of  any  appreciable  silky 
lustre :  this  consists  in  an  uncoiling  of  the  naturally  twisted  ribbon  eonatitating 
the  cotton-fibre. 

On  immersing  a  loose  cotton-fibre  in  strong  caustic  soda  on  the  microscope 
stage,  it  is  seen  to  rapidly  untwist,  to  swell,  and  at  the  same  time  to  shorten  m 
length ;  the  untwbting  generally  continues  until  the  natural  twist  has  nearly 
completely  disappeared,  after  which  the  fibre  presents  the  appearance  of  a  round 
irregularly  curved  rod  with  a  comparatively  smooth  surface.  If  the  fibre  is  fixed 
at  one  end  and  treated  with  caustic  soda,  it  twists  either  to  the  rig^t  or  to  the 
left,  according  as  it  was  originally  coiled  towards  the  left  or  towards  the  right ;  in 
the  most  generally  occurring  case,  that,  namely,  in  which  the  fibre  is  coiled  partly 
to  the  right  and  partly  to  the  left,  tlie  untwisting  attending  the  treatment  with 
soda  takes  place  nrst  towards  the  left  and  then  towards  the  rif^^t,  or  vice  versa. 
If  the  fibre  is  prevented  from  contracting  by  bein^  held  at  the  two  ends  in  a 
stretched  condition  it  still  untwists  when  treated  with  soda ;  since,  however,  the 
whole  of  the  untwisting  does  not  take  place  ^multaneously,  the  untwisting  of 
one  part  causes  another  part,  which  has  already  become  unwound  and  attained 
the  condition  of  a  gelatinous  rod,  to  become  tightly  twisted  in  the  oppoate 
direction  to  its  original  twist. 

The  stretched  fibre  thus  again  acquires  a  corkscrew-like  appearance,  part  of  the 
twist  being  right-  and  part  left-handed,  with  the  difference,  however,  tnat  whilst 
the  raw  fibre  forms  a  twistoi  ribbon  creased  or  folded  at  the  turns,  treatment 
with  soda  converts  it  into  a  rod  of  circular  cross-section  which  has  been  twisted 
whilst  in  a  gelatinous  state.  The  twisting  of  the  fibre  imder  these  conditions 
results  in  the  production  on  the  rounded  surface  of  spiral  rid  ^possessing  smooth 
curved  contours,  which  reflect  the  light  at  all  angles  of  incidence  and  reflection 
iust  as  do  the  coils  of  a  polished  corkscrew.  The  fibre,  therefore,  becomes 
iuBtrotts. 

The  high  degree  of  transparency  possessed  bv  the  cotton-fibre  introduces 
difficulties  into  the  microscopic  examination  of  the  cnanges  referred  to  above.  Bat 
although  the  fibre  is  amorphous,  it  is  doubly  refracting  owing  to  internal  strain ; 
the  authors  therefore  find  it  convenient  to  conduct  the  microscopic  examination  of 
the  fibre  between  crossed  Nicol  prisms,  and  to  accentuate  the  difference  in  tint  of 
the  various  parts  by  introducing  a  one-eighth  wave-length  retardation  plate  of 
mica  between  the  Nicols  in  such  a  way  that  its  principal  directions  make  an  angle  . 
of  45^  with  those  of  the  prisms.  This  enables  the  internal  cuial,  cracks  in  the 
surface,  and  differences  in  thickness  to  be  made  out  with  great  ease.  The 
correctness  of  the  explanation  now  given  of  the  lustre  is  shown  by  a  series  of 
photomicropaphs  taken  in  natural  colours  in  elUptically  polarised  light  under  the 
conditions  just  referred  to.  The  authors  have  to  thank  their  colleague,  Mr.  Charles 
W.  Gamble,  Director  of  the  Photographic  Department  in  the  Manchester  Municipal 
School  of  Technology,  for  having  assisted  the  work  by  the  production  of  these 
photographs.  A  further  confirmation  of  the  correctness  of  the  conclusions  now 
arriv^  at  is  afforded  by  the  observation  that  whilst  cotton-fibres  mercerised  loose 
have  a  practically  circular  cross-section,  fibres  treated  imder  tension  with  soda 
show  cross-sections  shaped  like  polygons  with  rounded  comers. 

An  independent  proof  of  the  authors'  conclusions  that  the  untwisting  of  the 
fibre  is  as  essential  a  factor  in  the  production  of  the  gloss  as  are  the  swelling  and 
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the  BbrinMsg,  id  afforded  by  an  examination  of  the  action  of  reagents  on  cotton 
yam.  Thus,  hanks  of  a  long  staple  yam  haying  a  mean  breaking  strength  of 
417*4  ±  21  grams  were  immersed  loose  in  caustic  soda  (sp.  gr.  1*342)  and  saturated 
barium  mercuric  iodide  solution,  and  the  followiDfip  changes  in  the  breaking  load  of 
the  yam  and  the  lengths  of  the  hanks  were  found  to  result : — 

bttUBtic  Soda, — Mean  breaking  load,  526*3  ±  3*8  grams ;  shrinkage,  from 
66-0  to  44-8  cm. 

Barium  Mercuric  Iodide. — Mean  breaking  lood,  626*6  ±  3*3  grams ;  shrinkage, 
from  66-0  to  48-9  cm. 

Although  the  shrinkage  and  the  increase  in  the  breaking  load  brought  about 
by  these  two  reagents  are  so  nearly  the  same,  yet  on  immersing  hanks  under  tension 
in  these  solutions  and  washing  whilst  still  under  strain  the  hank  treated  with 
8oda  acquires  a  brilliant  lustre,  whilst  that  treated  with  the  iodide  exhibits  onl^ 
a  trace  more  lustre  than  the  untreated  yam.  The  explanation  of  this  result  is 
found  in  the  fact^  that  caustic  soda  causes  rapid  untwisting  of  the  fibre,  whilst 
barium  mercuric  iodide  does  not  cause  untwisting. 

The  authors  give  a  list  of  reagents  which  bring  about  two  of  the  three  effects 
shown  to  be  essential  to  the  production  of  lustre — namely,  swelling,  shrinking,  and 
nntwistinff — and  find  that  'lustreiog'  cannot  be  effected  with  such  reagents; 
several  solutions  are  known,  however,  which  cause  the  three  effects,  and  with  the 
aid  of  such  liquids  the  lustre  can  always  be  produced. 


5.  Stead^s  recent  Researches  as  to  the  Causes  tmd  Prevention  of 
JBrittleness  in  Steel.     By  Professor  T.  Turner,  M,Sc, 

After  briefly  referring  to  the  nature  of  a  eutectic,  and  the  characteristic 
microstmcture  of  such  bodies,  as  pointed  out  by  Osmond,  the  author  outlined  the 
stmcture  of  steel.  Special  reference  was  made  to  the  properties  and  distribution 
of  ferrite  and  pearlite  in  metal,  when  used  in  its  natural  state  for  constmctional 
purposes,  and  containing  about  0*45  per  cent,  of  carbon.  A  short  summary  was 
then  given  of  the  work  of  Brinell,  He;^n,  Stansfield,  and  of  Stead  and  Richards  in 
reference  to  brittleness  caused  by  heating  steel  either  for  a  short  period  to  a  high 
temperature,  or  for  a  longer  time  at  a  lower  temperature  (900°  C).  The  crjstallme 
character  and  brittleness  so  produced  can  be  at  once  removed,  in  most  cases,  by 
heating  to  slightly  under  900°  0.  The  structure  of  steel  of  good  quality  is^ 
therefore,  largely  dependent  on  the  rate  of  cooling  through  the  point  Ac..  Details 
were  also  given  of  the  work  of  Stead  and  Richards  on  the  production  of  sorbite  in 
steel.  The  maximum  quantity  of  sorbite  b  obtained  by  cooling  the  heated  steel 
rapidly  until  its  temperature  is  below  the  critical  points,  and  then  temnering 
either  by  external  heat,  or,  in  the  case  of  rails  and  other  similar  large  omects, 
by  the  internal  heat  of  the  partly  cooled  steel.  Rails  which  have  been  rendered 
sorbitic  in  this  way  have  a  higher  tensile  strength  and  greater  wearing  power 
than  ordinary  rails.  Sorbitic  steel,  when  tested  by  repeated  reversals  of  stress, 
also  shows  much  greater  toughness  and  endurance.  A  number  of  photographs 
were  exhibited  which  showed  very  plainly  that  the  microstmcture  of  the  sorbitic 
portion  of  a  steel  rail  is  quite  different  from  that  of  the  rest  of  the  steel.  Tlie 
normal  portion  consists  of  a  heterogeneous  mixture  of  ferrite  and  pearlite,  while 
the  sorbitic  portion  is  almost  perfectly  homogeneous. 

The  papers  to  which  special  reference  was  made  were  read  at  the  Iron  and 
Steel  Institute,  September  1903,  and  are  as  follows : — 

1.  The  Burning  and  Orerheadng  of  Steel,  by  A.  Stansfield. 

2.  The  Restoration  of  Dangerously  Crystalline  Steel  by  Heat  Treatment,  by 
J.  £.  Stead  and  A.  W.  Richards. 

3.  Sorbitic  Steel  Rails,  by  J.  E.  Stead  and  A.  W.  Richards. 
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6.  The  Colours  of  Iodides,    By  William  Ackroyd,  F.LC. 

The  geDeral  law  of  the  relation  of  colour  to  chemical  constitution  was  stated 
by  the  author  in  1892.^  Briefly  it  is  that  in  related  compounds  of  the  ^enotl 
formula,  AxBy,  as  B  increases  in  weight  (either  in  atomic  mass  or  multiple  of 
atomic  mass)  there  is  increase  of  absorption  of  light  in  definite  manner,  ao  that  the 
Tisible  effect  is  progression  in  the  metachromatic  scale  from  the  white  towards  tlw 
black  end.  With  one  colour  vision  this  would  appear  like  a  g^radual  darkening— 
an  aspect  of  the  phenomenon  which  the  author  ^  regards  as  being  presented  hj 
X  rays  in  the  photographic  effects  produced  by  them  after  passing  through  equsl 
thiclmesses  of  the  members  of  a  senes  A^B^.  That  this  generalisaSon  is  reasooaUj 
fact-embracing  is  seen  when  it  is  stated  that  there  are  only  about  2*27  per  cent,  of 
exceptions  in  a  survey  of  some  616  correlated  inorganic  coloured  compounds,  and 
many  of  these  exceptions  are  of  a  doubtful  nature. 

L>dides  conform  to  the  law ;  the  more  heavily  weighted  molecules  have  cobins 
nearer  the  black  end  of  the  scale,  while  the  lighter  ones,  on  the  other  hand,  coo^ 
nearer  the  white  end.  Thus  in  vertical  series  of  the  periodic  classification  arBenic 
triiodide  is  orange  as  compared  with  the  red  of  antimony  and  bismuth  triiodidee; 
magnesium,  zinc,  and  cadmium  iodides  are  white,  while  mercuric  iodide  is  yellow 
or  red.  In  the  periodic  groups  there  are  forty-one  examples  of  iodidea ;  only  three 
are  apparently  unconformable,  two  of  these  being  donbtiul  exceptions. 

When  there  is  more  than  one  iodide  of  the  same  metal  we  have  again  cod- 
formity  to  rule,  thus i^Hg^I,  is  olive  green,  and  Hgl,  yellow  or  red. 

The  iodides  have  also  a  normal  colour  when  compared  with  the  other  halidet 
of  the  same  radical  as  in  the  series  AsF,,  AsGl,,  AsBr^,  and  Aslj.  In  the  tabula- 
tion of  these  relations  conformity  to  the  law  is  seen  botii  in  horizontal  as  well  ti 
vertical  groups,  and  270  colour  ihcts  are  presented  in  such  a  tabulation  which  gire 
less  than  8  per  cent,  of  exceptions. 

Finally  the  result  of  recent  research  shows  that  the  element  iodine  has  also  a 
normal  colour  among  the  other  liquid  and  solid  halo^ns ;  their  absorption  incieaaet 
from  fluorine  to  iodine  through  the  extremes  of  white  to  black. 

It  is  amply  apparent,  therefore,  that  in  a  comparable  series  of  compounds 
having  similar  molecular  structure  as  represented  by  the  same  general  formula  we 
may  have  colourless  or  white  bodies  at  one  end  and  coloured  substances  at  the 
other  end.  Hence  it  is  contended  that  Professor  H.  E.  Armstrong's  Tiew  that 
colour  is  an  indication  of  *  quinonoid  structure  does  not  hold  for  iodides  as  maiii' 
tained  by  Miss  I.  Smedley,*  nor  for  inorganic  bodies  generally. 

Tables  are  given  illustrating  these  various  observations. 


7.  On  Essential  Oils.     By  Dr.  O.  Silberrad. 

The  production  of  essential  oils,  although  of  extreme  anti<^uity,  has  onlj 
recently  been  made  the  subject  of  scientific  research.  The  earlier  methods  w 
extraction  from  the  plants  were  exceedingly  crude,  and  it  was  only  in  the  earlj 
part  of  the  nineteenth  century  that  the  mdustry  received  a  new  impulse  by  the 
introduction  of  steam  distillation  for  the  recovery  of  these  essences.  Chemical 
research  has  in  recent  years  led  to  the  replacement  of  the  natural  oils  to  some 
extent  by  products  artificially  prepared.  As  an  instance  of  this,  the  author's  recent 
discovery  that  carvone,  CioHi^O,  the  active  principle  of  carraway  oil,  could  he 

•  Chem,  News,  1893,  Ixvii.  27. 

'  On  Opacity  to  the  Rovtgen  Rays.    W.  Ackroyd  and  H.  B.  Knowles,  Jonr.  Sfc. 
Dyers  and  Colourists,  vol.  xii.  April  1896. 
»  BHt.  Assoc.  BepoTt,  1902.  p.  582. 
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obtained  direct  from  limonene  Vy  aatoxidation  was  referred  to.    The  mechaittsn 
of  the  reaction  ia  probably'  expreaeed  as  follows  :— 

CH,  CH,  CH, 

0  +H,0  +  0  C(OH)        -H,0  C  +H,0  +  0 

CH,   CH  CB,    CH(OH)  CH,   C(0H) 

II  ->  II  -►  I  I  -* 

CH,   CH,  CHj    CH,  CH,    CH, 


\/  \/ 

CH  0 


CH,C  : CH,  CH,C  :  CH,  CH,C  :  CH, 

CH,  CH, 

C(0H)         -2H,0  C 

/\  ^\ 

CU,   C(0H),       -♦  CH    00 

II  II 

CH,    CH,  CH,  Cn, 

.  C 

CH,C  :  CH,  CH,C :  CH, 

The  above  explanation  is  confirmed  by  the  fact  that  the  author  has  recentlf 
succeeded  in  isolating  a  monatomic  alcohol  as  an  intermediate  product  to  whiek 
he  assigns  the  formula 

CH, 
C 
Ch/^C(OH) 

CH,v,  CH, 

CH 

CH,C :  CH, 

which  corresponds  to  the  hitherto  unknown  carreol.    A  specimen  of  the  acetate 
of  this  alcohol  was  exhibited. 

Other  substances  investigated  by  the  author  are  the  active  principles  of  Tlaaf 
Ylane,  Neroli,  Carnation^  and  Oil  of  Myrrh. 

The  specimens  shown  illustrate  how  nearly  the  synthetic  products  approach 
to  the  natural  perfumes.  A  new  and  much  more  economical  method  ior  the 
manufacture  of  terpineol,  recently  discovered  by  the  author,  was  briefly  referred 
to.  One  great  advantage  claimed  for  this  method  was  that  the  ingredients 
generally  considered  necessary  for  the  reaction  are  replaced  by  much  less  costly 
reagents. 

^   The  author  then  went  on  to  consider  the  various  ways  of  obtaining  essential 
oils,  and  showed  that  the  methods  of  extraction  differ  for  the  various  natural  oils. 

ri)  Turpentine,  the  source  of  terpineol,  is  obtained  from  pine  trees  in  America 
by  tne  process  of '  boxing,'  succeeded  by  steam  distillation.  Venetian  turpentine 
is  obtained  by  drilling  holes  in  the  trees,  while  Strasbourg  and  Laurentine  tur- 
pontine  is  still  collected  in  certain  districts  by  means  of  small  pointed  cans. 

(11)  A  second  method  is  that  of  direct  distillation  from  the  plant,  used  for 
instance  in  the  preparation  of  camphor  and  the  recovery  of  camphor  oO  from  the 
wood  of  the  Laurus  camphora  in  Japan.  Further  treatment  of  the  distillate 
leads  to  its  separation  into  camphor,  light  camphor  oil  (mainly  pinene),  phellan- 
drene,  and  dipentene)  and  heavy  camphor  oil,  which  latter  is  interesting  as  the 
source  of  safrol,  from  which  piperonal  is  now  commercially  obtained  imder  the 
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name  of  beliotropin.     loTeBtigations  by  the  author  have  facilitated  this  cod- 
Tenion  and  yery  considerably  reduced  the  cost  of  production  of  beliotropin. 

The  conversion  of  safrol  to  vanallin  by  treatment  with  sodium  methylate  and 
•nbeequent  oxidation  is  also  interesting ;  the  chief  source  of  vanillin  is,  how- 
ever, eugenol,  obtained  from  oil  of  cloves.  Eugenol  is  associated  in  oil  of  cloves 
with  a  sesqui-terpene,  cariophylene,  from  which  the  author  has  recently  obtained 
an  acid  containing  eleven  carbon  atoms. 

(III)  A  process  of  expression  is  used  for  the  extraction  of  oils  which  are 
decomposed  by  steam,  such  as  bergamot  (linalool  acetate^.  The  artificial 
preparation  of  this  ester  presents  considerable  difficultieK,  as  unalool  undeigoes 
decomposition  or  isomerisation  on  coming  in  contact  with  adds  and  gives  only 
ver^  small  yields  of  the  desired  esters,  but  investigations  by  the  author  have  led 
to  Its  manufacture  on  a  commercial  scale.  A  laboratory  method  whereby  the 
difficulty  may  be  overcome,  worked  out  bv  the  author,  was  also  described,  and 
conristed  in  treating  a  pyridine  solution  of  the  alcohol  with  the  required  acidyl 
^Icnide.  The  investigator  of  linalool  has  hitherto  laboured  under  the  difficulty 
that  no  solid  derivative  of  this  alcohol  could  be  obtained.  It  is  hoped  that  the 
author's  recent  preparation  of  a  crystalline  compound  of  linalool — the  hexanitro- 
diphenylurethane — will  be  of  assistance  in  this  direction.  Geraniol,  an  isomer  of 
linalool,  is  important  as  the  chief  ingredient  of  otto  of  rose.  Its  acetic  and 
butyric  esters  are  also  valuable  as  scents. 

(IV)  A  fourth  and  very  ancient  method  for  the  extraction  of  essential  oils  is 
illustrated  by  jasmine  oil,  which  is  obtained  by  exposing  the  flowers  over  odoorlees 
petroleum,  whereby  the  perfume  is  absorbed  and  suosequently  extracted  with 
acetone.  This  oil  is  a  mixture  of  a  number  of  compounds,  the  distinctive  odour 
being,  however,  due  to  jasmone,  which  is  present  to  only  a  small  extent  in  the 
<nL  Peach  oil  contains  also  a  large  number  of  constituents;  among  these  the 
author  has  isolated  the  ethyl  ester  of  sn  undecylenic  add,  the  presence  of  which  is 
interesting  as  being  a  case  of  the  natural  occurrence  of  a  fatty  acid  containing  an 
odd  num  W  of  carbon  atoms. 

The  sesquiterpene  alcohol,  santalol,  from  sandal-wood  oil,  irone  from  orris 
oil,  the  oxygenated  products  from  orange  oil,  lemon  oil,  and  lime  oil  were  briefly 
discussed.  The  specimens  of  these  various  compounds  illustrated  their  valuable 
properties  as  perfumes.  A  few  brief  remarks  throughout  the  paper  illustrated  the 
costliness  of  these  oils ;  thus  it  was  shown  that  about  three  tons  of  roses  vrere 
required  to  yield  1  lb.  of  otto,  the  cost  of  peach  oil  is  between  three  and  four 
times  as  great,  whilst  to  prepare  1  lb.  of  jasmone  about  200  tons  of  jasmine 
flowers  would  be  required.  

8.  The  Cholesterol  Group.    By  R.  H.  Pickaro,  D.Se. 

Numerous  compounds  of  the  empirical  formula  C^.H^O  have  been  described  and 
have  all  at  some  time  been  called  cuolesterins  or  cbolesterols.  Only  a  few  of  these 
have  been  well  characterised,  and  their  separate  identity  requires  further  proof.- 

The  best  known  of  these  compounds, '  animal  cholesterol,'  of  which  the  best 
source  is  human  gallstones,  is  a  very  stable  compound.  The  presence  of  an 
hydrox^l  group,  of  at  least  one  asymmetric  carbon  atom,  and  of  an  ethylene 
linking  in  the  cholesterol  molecule  have  been  proved.  The  molecule  is  composed 
of  a  normal  chain  of  nineteen  carbon  atoms  attached  to  a  complex  nucleus. 

Attempts  to  reduce  cholesterol  by  chemical  means  were  unsuccessful,  but  a 
dihydrocholesterol  has  been  separatea  from  human  faeces. 


9.  On  Acridines.     By  Professor  A.  Senier,  Ph.D. 

I.  Acridines, 

In  1871  Graebe  and  Caro  isolRted  from  crude  anthracene  a  yellow  crystalline 
base,  which  on  account  of  its  irritating  action  on  the  skin  and  mucous  membrane 
was  named  acridine.     The  base  when  in  solution  exhibited  a  beautiful  blue 
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fluorescence.  The  sulnequent  researches  of  Qraebe,  Biedel,  and  others,  led  to  the 
view  now  adopted  of  its  constitution  as  a  heterocyclic  anthracene  derivative  of  the 
formula 


The  resources  of  synthetical  chemistry  were  not  long  in  brmging  to  light 
methods  for  building  up  this  interesting  fluorophoric  molecule  from  compounds  of 
simpler  structure.  A  phenyl  derivative  was  first  obtained  and  the  base  itself  by 
Bemthsen  and  Bender  in  1883. 

The  numerous  methods  which  have  led  to  the  formation  of  acridines  may  be 
arranged  into  two  classes — Ist,  those  starting  from  diphenylamine 

NH 


and  its  derivatives ;  and  2nd,  those  starting  from  o-amino-diphenylmethane 


CH, 

and  its  derivatives. 

As  illustrations  of  the  first  method  may  be  taken  (a)  condensation  by  means  of 
aldehydes,  for  example  formaldehyde : — 

NH  NH 


ECHO 


CH, 


N 


+  H3O  +  H, 


CH 
(Unstable  dihydride) 


aud  (b)  condensation  by  means  of  methylene  diiodide ;  a  method  discovered  by 
Mr.  Goodwin  and  myself.  For  example,  using  ^-cumidine  the  following  represenu 
the  reactions  which  take  place : — 


Me 
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Me        NH 


Me 


Me 


N 


Me 


Me        CH,        Me  Me        CH        Me 


+NH,I 
-I- HI 
+  H, 


+  HCHI, 


Me        CH        Me 

1:3:4:6:7:9- 
Hexamethyl  aoridine. 

The  related  acridonee  and  tliio-acridonea  famish  an  instance  of  ketonic  and 
enolic  tautomerism  which  it  would  be  interesting  to  inTestigate  by  spectroaeopic 
methods  as  described  by  Professor  Hartley  in  his  Addreas  to  this  SeetMm. 

Another  class  of  compounds  formed  from  the  acridines  by  the  addition  of  two 
atoms  of  hydrogen — acridine  hydrides  or  <  hydro-acridines ' — are  very  unstable, 
and  on  oxidation,  even  by  boiling  with  water,  in  some  cases  lose  th^  hydrogni 
and  revert  to  the  original  base.  They  are  not  fluorescent,  a  property  characteristic 
of  the  acridine  ring  with  its  para  linking,  and  may  theraore  hare  the  stmo- 


ture: 


NH 


coo 

CH, 

Mr.  Goodwin  and  I,  in  an  inquiry  not  yet  quite  completed,  have  obtained  a 
imilar  class  of  dihalides.     We  have  prepared  chlorides,  bromides,  and  iodides  of 


hezamethylacridine,      |    -naphthacridine,  and     I     ^naphthacridine  (for  notation 

aCa  fiC? 

see  Naphthacridines,  below).  Like  their  hydrogen  analogues,  these  compounds 
are  unstable  and  are  not  fluorescent.  Their  constitution  is  therefore  in  the  '"•^ 
of  simple  acridines : — 

Na  NBr  NI 


CHCl 


CHBr 


CHI 


The  salts  and  alkhaloids  of  the  acridines  are  fluorescent,  and  may  he  regarded, 
following  Bernthsen  and  Bender,  as  true  acridines  with  pentavalrat  nitzogen. 


thus: — 


CH 


I  N 


H 
OH 


coo 


CU 


CH 
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II.  Di'Naphthacridines. 
The  following  fonnulse  represent  all  the  posBible  di-naphthacridines : 


(UUmann) 


N 


coxoo 


CH 
aNa 

(Senier  and  Goodwin) 


CH 
3N3 

^C^ 
(Unknown) 


$^fi 


(Strohbach) 


The  notation  adopted  is,  I  think,  more  conTenient  than  either  that  of  Gmebe, 
adopted  by  Ullmann,  or  that  of  Strohbach,  adopted  by  Mohlau.  The  numbering 
is  taken  from  Mohlau  and  Haaee. 

The  naphthacridinee  are  obtained  by  methods  analo^ns  to  the  acridines, 
including  especially  the  aldehyde  and  the  methylenediiodide  reactions  with 
naphthyJumiines.  The  naphthacridine  of  Reed  and  that  just  announced  by 
Ullmann,  both  obtained  originally  by  the  use  of  formaldehyde,  I  have  prepared 
by  the  meUiyknediiodide  method.  There  is  every  reason  to  hope  that  the  two 
unknown  types  of  this  group  of  acridines  or  derivatives  of  them  will  soon  be 
diaoovered* 
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in.  Phewmaphthacridmes. 

The  phenonaphthacridines  haye  been  chiefly  investigated  hy  Ullmann.    There 
are  three  possible  types : — 


I 
(Schopff) 


N3 
I 

(Nalband-UUmaoD) 


(A  dihydroxyacridone  of 
this  type  —  Lagodzinski 
and  Hardine)2^ 

The  notation  is  a  modification  of  that  which  I  have  suggested  for  dinaphth* 
acridines,  and  the  numbering  is  that  of  Ullmann. 

Numerous  derivatives  of  phenonaphthacridines  are  known,  and  they  all  poesees 
the  characteristic  physiological  properties  and  the  fluorescence  which  characterise 
acridines  generally.  The  remarkable  tendency  to  the  formation  of  the  acridioe 
grouping  has  recently  been  shown  by  Ullmann  and  Baezner.  These  inquirers  find 
uiat  alcohol  may  replace  aldehyde  in  acridine  synthesis,  oxidation  taking  place  in 
the  course  of  the  reaction. 

IV.  New  Experimadi. 

Experiments  now  in  progrera  indicate  the  possibility  of  new  acridine  types  and 
also  the  ffeneralitj  of  the  methylene  diiodide  reaction.  With  the  assistance  of 
Miss  Micklethwait  I  have  already  obtained  fluorescent  products  indicating  tiie 
formation  of  a  dianthracridine  and  a  naphthanthacndine  and  of  other  acndines 
not  previously  obtained  by  the  methylene  diiodide  method. 


10.  Sur  le  Spectre  de  ^  Self-induction  *  du  Silicium  et  see  Campara%s(m$ 
Aetronamiquee.  Fa/r  le  Comte  A.  de  Gramont,  Docteur  es  Sciences 
Physiques, 

Plusieurs  raies  du  silicium  reconnues  dans  les  spectrea  stellaires  out  €bS 
consid^r^s  comme  caract^ristiques  d*uue  haute  temperature,  et  Tai  cm  int^reesant 
d*etudier  leur  manidre  de  se  comporter  sous  Tinfluenoe  de  la  '  self-induction,'  et  de 
donner  ici  la  partie  du  spectre  susceptible  de  comparaisons  astronomiquea.  Les 
spectrogrammes  portaient  k  la  partie  superieiure,  le  spectre  d*etinoelle  condense 
ordinaire  du  silicium   obteuu   avec    une    bobine    d'mduction    donnant   15  c/m 
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d'^tincelle  et  un  condensateur  de  0*009  microfarad,  et  en  coincidence  ayec 
ce  spdctre  ^taient  photographic  successiTement  ceux  obtenus  avec  des  'self- 
indnctions '  Tariant  depn^  (>ho0002  jusqu'^  0*^^03000  Henry.  Lee  spectres  ont 
4tS  produits  avec  deux  prismes  en  flint  lourd,  puis  avec  un  prisme  en  spathcalcite 
et  des  object^  de  quartz.  Le  spectre  du  siucium  a  pr^nt^  ainsi  deux  cat^ 
gories  tr^  difi*^rentes  de  raies : 

1^  Raies  rCistant  k  une  '  self-induction '  de  0*^08  Henry,  ou  meme  renforc^ 
par  elle. 

2^  Raies  commen^ant  k  s'affaiblir  avec  de  faibles  '  selfa '  de  0*°0002  Henry,  et 
disparaiasant  k  peu  prds  simulton^ment  pour  0*°0062  Henry. 


Subsistent    avec , 
la'self  { 

Disparaissent       < 
avec  la  <  self'     t 

Subsistent    avec  <  ^  f 
la'seU'  l^t 


^^6870 
"  16342 


Disparaissent 
avec  la '  self  * 


Forte. 

Forte. 

a  (6879     Bien  visible. 

''15960     Bien  visible. 

j  5069-8  Forte. 

5046-6  Forte. 


/  4674*5  Bien  marqu^. 
«  \  4567-0  Forte. 
U562-6  Forte. 

1 4131-0  Tr^s  forte,  diffuse. 
*  141280  Tr^s forte,  diffuse. 


Plnt6t  renforc^j 
parla»self'  f 


Disparaissent 
avec  la  *  self ' 


3906-6  Trfts  forte,  6troite. 
Visible  dans  le 
spectre  solaire. 

3862-5  Asses  forte,  6troite. 
V  3856-0  Forte,  6troite. 

3836*0  Faible. 
/ 38070  Assez  forte. 
]  3796-0  Assez  forte. 
(3791-5  Faible. 

3094*5  Assez  forte. 

3087*2  Assez  forte. 


/Trouv^es  dans  lea  ^toiles 
J  tr^s  chaudes  k  helium, 
I  telles  que  $  Crucis,  « 
V  Canis  Majoris,B^<^trix. 

ITroav6e6  dans  Sirius,  a 
Oygni,  Riffel,  BeUatrix, 
f  Cams  Majoris,  Procyon, 
Algol,  eta 
/Trouv6es  dans  Sirins,  a 
Oygni,  Rigel»  dans  les 
dtoiles  des  groupes  YI 
k  YUI  de  la  classifica- 
tion de  Harvard  College, 
oii  elles  accompagnent  le 
doublet  pr6o6dent  c 

Trouv6es  dans  t  Canis  Ma- 
joris  avec  les  groupes  Z 
et  f . 


Les  doublets  a  et  /3  ont  ^t^  mesurC  k  la  vue  seulement,  avec  un  spectroscope 
k  vision  directe.  H  serait  int^ressant  de  rechercher  si  le  groupe  /Saocompagne  les 
groupes  d  et  e  dans  les  ^toiles  chaudes. 

Le  triplet  d  (4674  k  4552)  avait  ^t^  reconnu  par  M.  E.  Demar^y  ^  comme 
aBpartenant  au  sHioium  en  solution  flaorhydrique,  et  par  moi-m§me^  avec  le 
flilicium  libre,  et  dans  les  silicates  fondus.  Malgrd  cela  ces  mdmes  raies,  rencon- 
tre par  divers  obeervateurs  dans  les  spectres  des  ^toiles,  n'avaient  pas  6t6  encore 
Attribu^  au  silicium  jusqu'en  1900,  ou  M.  Joseph  Lunt '  a  identm^  k  son  tour 
leur  oriffine. 

.  Le  doublet  e  (4131 ;  4128)  est  considdr^  par  Sir  Norman  Lockyer  comme  lee 
plus  remarquables  'enhanced  lines'  du  silicium.  Sous  Tinflnence  de  la  self 
elles  sont  lels  demidres  k  disparaitre;  les  spectrogrammes  montrent  qu'elles  se 
raccourcissent  en  se  concentrant  au  voidnage  des  ^ectrodes,  se  r^iuisent  k 
des  points  et  s'tfvanouissent  pour  une  *  self'  de  0*^0062  Henry. 

La  raie  3905  du  triplet  ^est  tr^ forte  avec  la  'self'  maximum  employ^ 
(0*^08),  tandis  que  les  deux  raies  voisines,  8862;  3866,  k  peine  visibles  pour 
0*^0006,  ont  disparu  avant  d'atteindre  0*^0062. 

>  Spectres  Electrique$,    Paris :  Gauthier-Villars.    1895. 

*  *  Spectres  des  M^talloMes  dans  les  Sels  Fondus :  Silicium,*  Comptet  Rertdru 
(le  PAcad.  dee  Sciences  de  PaHs,  25  Janvier  1897. 

•  May,  Sac,  Proceed,  vol.  Ixvi.  p.  44. 
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Le  triplet  rj  (8807  k  3791)  parait  s'effacer  pour  one  *  self'  plus  Caible  encore. 

La  partie  plus  r^franfcible  du  spectre  ne  j^rtente  plus  d*mt<$r£t  astronomique, 
car  elle  est  arr^t^  par  Tabsorption  atmospbdnque.  Je  Tai  ^tudi^  ayec  un  spectro- 
grapbe  k  partie  optique  toute  en  quartz ;  la  raie  2542  disparait  pour  les  m^ea 
Taleurs  de  *  self-induction '  que  ci-dessus^  c*est-4-dire  pour  moms  de  0*^0062.  Toutes 
les  autrea  liffnes,  notamment  le  groupe  caract^ristique  de  six  raies  (2529  k  2607) 
et  le  groupe  (2217  k  2208),  r^sistent  aosolument  k  la  *  self-induction '  maximum. 
J*ai  enfin  reconnu  que  la  ligne  extreme  1930*0  n'appartient  pas  au  silidum  maia 
bien  a  raluminium. 

Ces  recberches  out  ^t^  faites  avec  du  silidum  cristaDis^  en  petits  octaddres  et 
en  lamelles,  puis  ayec  le  silicate  de  sodium  fondu  au  cbalumeau,  sur  dee  fils  de 
platine.  Comme  je  Tavais  d^jii  siffnal^  ^  Taction  de  la  'self-inducticm'  est  la  meme 
sur  les  corps  solides  ou  les  sels  fondus. 

Les  longueurs  d'onde  ont  ^t^  mesur^  par  comparaison  avec  celles  des  raies 
d'un  alliage  plomb-cadmium,  pbotograpbi^es  sur  cbacun  des  spectrogrammes. 


11.  The  Theory  of  Dyeiiig,     By  Professor  G.  von  Georgievics. 

Tbe  autbor  gives  a  brief  bistorical  introduction  to  the  subject  of  tinctorial 
chemistry,  and  observes  that  tbe  study  of  this  branch  of  applied  science  has  been 
greatly  complicated  by  the  publication  of  large  masses  of  incompletely  observed 
facts.  He  further  remarks  that  practical  unanimity  prevails  as  to  the  nature  of 
the  dyeinf^  process  in  so  far  as  concerns  the  application  of  colours  such  as  chrome 
yellow,  nitraniline  red,  and  the  mordant  colours ;  these  colours,  or  compounds  of 
the  colours  with  the  mordant,  are  deposited  as  sudi  upon  the  fibre. 

The  theories,  or,  more  properly,  the  hypotheses,  concerning  the  nature  of  dydng 
refer  more  particularly  to  tbe  so-called  suDstantive  colours — that  is,  to  dyeing  with 
acid  colours,  basic  colours,  and  direct  colours.  The  principal  theories  of  the  pro- 
cess of  dyeing  are  two  in  number — namely  (1)  the  chemical  theory,  and  (2)  the 
mechanical  theory.  In  accordance  with  tbe  first,  the  dyeing  of  wool  and  silk  with 
basic  and  acid  colours  is  due  to  the  formation  of  chemical  compounds  between  the 
colour  and  the  fibre ;  the  chemical  combination  is  supposed  to  be  of  a  loose,  salt-like 
nature,  because  the  combined  colour  exhibits  a  chemical  behaviour  identical  with 
that  of  the  free  colour. 

The  chemical  theory  offers  no  plausible  explanation  of  dyeing  with  direct  cotton 
colours  (salt  colours). 

The  mechanical  theory  describes  the  process  of  dyeing  as  one  of  absorption  or 
of  solution.  Some  writers  attempt  to  compromise  by  describing  the  dyeing  pro- 
cess as  partly  chemical  and  partly  mechanical  in  nature,  whilst  others  are  of  the 
opinion  that  the  dyeing  changes  in  character  with  the  dye-stuff  and  the  fibre. 

In  discussing  what  is  required  of  a  theory  of  dyeing,  the  author  states  the  view 
that  such  a  theory  can  be  nothing  more  nor  less  than  an  expression  of  all  the 
hitherto  known  facts  concerning  the  process.  The  supporters  of  tbe  mechanical 
theory  of  dyeing  do  not  deny  the  possibility  of  the  existence  of  chemical  combina- 
tion, more  especially  as  all  colours  are  of  acid  or  basic  nature,  and  the  animal 
textile  fibres,  at  least,  are  not  chemically  indifferent ;  they  claim,  however,  that  tbe 
existence  of  such  a  chemical  combination  has  not  been  hitherto  proved  in  any  single 
case,  whilst  all  the  observed  facts  tell  in  favour  of  the  chemical  theory,  llie  sup- 
porters of  the  chemical  theory  of  dyeing  put  forward  as  spddally  important  pieces 
of  experimental  evidence  two  statements,  both  made  by  E.  Knecht,  the  one  refer- 
ring to  the  dyeing  of  basic  colours  on  wool  and  silk,  the  other  to  dyeing  with  acid 
colours.  In  accordance  with  the  first  statement,  wool  and  mlk  play  the  part  of 
adds  towards  basic  colours,  and  the  corresponding  coloured  compounds  must  be 
regarded  as  salts  of  the  colour  with  keratin  or  fibroin  respectively,  oecause  in  such 
dyeiug  processes  the  add  is  quantitatively  split  off  from  the  colouring  matter  and 
only  the  colour  base  is  taken  up  by  the  fibre.    It  is  further  suggested  that  the 

>  Compte$  RendM9  de  VAoad,  d.  Sciences  d,  Paris,  5  et  26  mai  1902. 
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colourless  rosaniline  base  can  only  giTe  rise  to  the  fuchsine-red  colour  by  formation 
of  a  salt. 

Since  this  time,  however,  the  author  has  shown  that  in  dyeing  chemically 
indifferent  substances,  such  as  glass  and  china-clay,  which  cannot  play  the  part  of 
acids,  the  acid  of  the  basic  colour  remains  quantitatively  in  the  dye-bath ;  he  has 
further  shown  that  the  rosaniline  base  exists  in  a  coloured  form.  The  full  force  of 
this  contradiction  of  the  chemical  theory  is  not  admitted,  it  having  been  objected 
that  many  kinds  of  glass  are  slightlv  attadced  by  water,  and  are  thus  not  chemi- 
cally indifferent.  The  author  showed  many  years  ago,  however,  that  this  objection 
18  founded  upon  a  total  disregard  of  the  fact  that  the  results  are  of  a  quantitative 
nature. 

The  author  remarks  that  whilst  the  attack  has  been  directed  against  the  strong 
part  of  his  work,  its  weak  point — which  is  as  follows — has  not  hitherto  been 
noticed.  The  fact  that  in  the  dyeing  of  chemically  indifferent  substances  with 
basic  colours  the  acid  part  of  the  latter  remains  quantitativelv  in  the  bath  is  only  a 

Sroof  that  one  has  to  aeal  with  the  same  phenomenon  whicn  is  observed  in  the 
v^ng  of  silk  and  wool,  and  is  not  an  indication  that  salt  formation  has  taken 
place  between  the  colour  base  and  the  fibre  substance ;  the  dyein^^  of  glass  and 
china-clay  is,  at  any  rate,  a  process  of  absorption,  and  its  external  similarity  with 
the  dyeing  of  silk  and  wool  with  the  same  colours  is  not  necessarily  a  proof  of  the 
identity  of  t)ie  two  processes.  The  author's  work  was  directed  solely  against  the 
validity  ascribed  to  the  argument  repeatedly  brought  forward  in  support  of  the 
chemiod  theory,  and  still  leaves  open  the  question  of  the  nature  of  the  processes 
concerned  in  the  dyeing  of  animal  fibres  with  basic  colours.  Should  it  ever  be 
possible  to  prove  the  existence  of  chemical  compounds  between  colour  and  fibre,  it 
will  be  most  probably  done  in  the  case  just  referred  to,  but  such  information  could 
certainly  not  be  obtamed  in  the  manner  only  lately  attempted  by  Enecht. 

Kneeht  boiled  out  with  alcohol  wool  and  silk  dyed  with  night- blue,  and  believed 
himself  forced  to  the  conclusion  that  the  extract  contained  chemical  compounds  of 
the  night-blue  base  with  keratin  or  fibroin  respectively.  If  the  conclusion  were 
correct  it  would  be  possible,  by  prolonged  repetitions  of  the  operations  of  dyeing 
and  extraction  with  alcohol,  to  bring  about  a  gpradual  destruction  of  the  fibre. 
The  improbability  of  this  is  obvious,  and  the  author  clearly  proves  the  incorrect- 
ness of  Enecht's  final  conclusions  by  repetition  of  the  work  upon  which  they  are 
based.  After  precipitating  the  colour  base  and  eliminating  the  alcohol,  Enecht 
prepared  aqueous  solutions  from  the  above-mentioned  alcoholic  extracts,  which, 
according  to  his  statement,  possessed  the  property  of  precipitating  ma^nta  and 
night-blue,  and  which  he  therefore  supposes  to  contain  keratin  or  fibroin  respec- 
tively, or  chemical  compoonds  formed  from  these  two  substances  during  the  pro- 
cess of  dyeing.  On  repeating  these  experiments  the  author  finds  that  the  solutions, 
if  perfectly  pure  fibre  material  purified  with  alcohol  has  been  used,  precipitate 
solutions  of  magenta  only,  and  that  but  very  slightiy  indeed.  The  same  preci- 
pitate may,  however,  be  obtained  if  wool  and  silk  are  entirely  left  out  of  the  experi- 
ments ;  he  finds  that,  by  precipitating  the  colour  base  from  an  alcoholic  solution 
of  night-blue  with  barium  hydrate  and  by  afterwards  removing  the  latter  from 
the  solution,  a  liquid  is  finally  obtained  which  has  the  property  of  precipitating  a 
solution  of  magenta. 

In  this  instance  it  is  naturally  quite  out  of  the  question  that  keratin  or  fibroin 
play  any  part  in  the  precipitation. 

The  second  principal  support  upon  which  the  chemical  theory  rests  has  also 
been  ^iven  by  B^necht.  It  was  observed  at  an  early  date  that  molecular  propor- 
tionality between  colour  and  fibre  seems  non-existent  in  dyeing  trials ;  the  results 
thus  differ  from  those  obtained  in  cases  of  ordinary  chemical  combination.  By 
dyeing  wool  in  very  concentrated  solutions  of  picric  acid  and  similar  acid  colours, 
Enecht  supposed  that  he  had  established  the  existeoee  of  chemical  compounds 
formed  in  definite  molecular  proportions.  The  repetition  of  these  experiments  by 
Perger  and  Ulrioh  has,  however,  shown  that  luiecht,  in  his  desire  to  make  the 
fibre  take  up  as  large  a  quantity  of  the  colour  as  possible,  used  such  an  excess  of 
colour  that  part  of  it  was  depositet^  as  ciystals  upon  the  dyed  fibre.    It  is  therefore 
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detr  tlut  under  tuch  conditions  it  is  alwolutely  impoMible  to  ucertain,  even  with 
ft  small  degree  of  aocuracj,  the  amount  of  colour  which  haa  been  actuallj  taken 
up  by  the  fibre. 

llie  author  conaiders  himsdif  justified  in  stating  that  these  two  fundamental 
supports  upon  which  the  chemical  theorj  of  dyeing  rests  cannot  withstand  any 
searching  criticism. 

A  considerable  number  of  facts  have  accumulated  during  recent  years  which 
tend  to  strengthen  the  yiew  that  the  processes  of  dyeing  are  uniform  and  of  a 
mechanical  nature.  The  author  showed  in  1894  that,  in  dyeing  silk  with  indigo- 
disulphonic  acid,  the  distribution  of  the  colour  between  the  residual  solution  and 
silk  ayed  in  it  is  governed  by  a  law  which  may  be  expressed  by  the  formula 

^0  in  solution    -^ 
~ClEfiCe       '^    ' 

in  which  C  refers  to  the  concentration  of  the  colour  solution  and  E  is  a  constant 
independent  of  the  concentration.  Later  experiments  have  shown  that  this  law 
of  the  distribution  of  the  colour  is  applicable  to  dyeing  on  silk  and  wool  of  oU&er 
acid  colours,  and  also  to  the  dyeing  of  direct  cotton  colours  (salt  colours^  on  cotton. 
It  is  thus  proved,  first,  that  the  processes  of  dyeing  with  the  acia  colours  on 
the  one  hand  and  with  the  direct  cotton  colours  on  the  other  are  identic^  in  kind ; 
and,  secondly,  that  these  processes  cannot  be  of  a  chemical  nature.  If  a  chemical 
compound  were  formed,  the  distribution  of  the  colour  between  the  two  media 
would  be  of  an  entirely  different  character,  just  as  Walker  and  Appleyard  hare 
recently  indicated.  The  author  has  only  lately  shown  that  picric  acid  and 
oxyazobenzene  are  deposited  on  the  fibre  in  a  tree  state  during  dyeing  with  these 
colours :  this  seems  to  be  of  especial  importance  in  the  case  of  picric  acid,  in  yiew 
of  Knecht's  statement,  recalling  the  fact  that  picric  acid  forms  compounds  with  such 
peat  readiness ;  chemical  conioination,  if  at  all  possible,  might  have  be^i  expected 
m  this  instance. 

Binz  and  Schroter  bave  lately  endeavoured  to  show  that  dyeing  with  oxyaxo- 
benzene  differs  materially  from  that  of  the  other  acid  colours.  On  account  of  the 
fastness  exhibited  by  dyeings  with  oxyazobenzene  these  authors  assumed  that  this 
colour  forms  a  stable  compound  with  the  substance  of  the  wool  as  the  result  of 
condensation. 

As  regards  the  dyeing  of  acid  colours  on  animal  fibres,  and  that  of  the  direct 
cotton  colours  on  cotton,  we  may  therefore  safely  say  that  we  possess  distinct  proof 
that  these  processes  are  identical  and  of  a  mechanical  nature. 

The  further  question  as  to  whether  substantive  dyeings  should  be  considered 
as  solid  solutions  or  as  resulting  from  adhesion  is  still  open  for  speculation. 


MONDAY,  SEPTEMBER  14. 
The  following  Papers  and  Report  were  read : — 

1.  Tlie  Slow  Cornbustion  of  MeUiane  and  Ethane. 
By  William  A,  Bonb,  D,Sc.,  Ph.D. 

I  may  perhaps  be  allowed|  to  explain  my  reasons  for  reopening  what  I  am 
well  aware  is  one  of  the  most  controverted  questions  in  the  whole  domain  of 
Chemistry.  Let  me  say  at  once  that  I  have  no  new  general  theoij  of  hydro- 
carbon combustion  to  bring  forward ;  but  during  the  past  three  or  lour  years  I 
bave,  in  conjunction  with  two  of  the  research  students  at  Owens  College,^  been 
engaged  upon  an  investigation  on  the  slow  combustion  of  methane  and  ethane  at 
temperatures  below  their  ignition-points,  the  results  of  which  throw  some  new 

>  Messrs.  B.  V.  Wheeler  and  W,  E.  Stockings. 
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light  ou  the  question  at  issue.  It  is  my  intention  to  extend  the  work  to  other 
typicid  hydrocarbons  in  the  hope  that  the  gradual  accumulation  of  experimental 
facts  may  at  some  future  time  provide  a  sure  basis  for  a  general  theory  of  hydro- 
carbon combustion.  Meanwhile,  it  seemed  to  me  that  the  meetings  of  the 
Chemical  Section  afforded  a  fitting^  opportunity  of  communicating  and  discussing 
these  new  obserrations,  of  obtainiug  suggestions  for  future  work,  and  possibly, 
also,  of  arranging  some  form  of  co-operation  among  those  workers  who  are  specially 
interested  in  this  field  of  inquiry. 

It  seems  to  me  imnecessary  to  make  more  than  a  passing  reference  to  the 
theories  which  up  to  the  present  have  been  advanced  to  explain  the  mechanism  of 
hydrocarbon  comoustion.  I  must,  however,  say  a  word  vnth  regard  to  two  of 
them  which  involve  the  idea  of  the  *  preferential '  combustion,  either  of  hydrogen 
or  of-  carbon.  The  older  idea,  that  in  a  defective  oxygen  supply  the  hydrogen  of 
a  hydrocarbon  bums  preferentially  to  the  carbon,  is  unsupported  by  experimental 
evidence,  and  I  suppose  now  hardly  finds  acceptance  among  chemists  at  any  rate. 
On  the  other  hand,  the  opposite  view,  that  the  carbon  bums  preferentially  to  the 
hydrogen,  was  put  forward,  originally  by  Kersten  in  1861 1  believe,  to  explain 
the  well-known  fact  that  when  such  a  hydrocarbon  as  ethylene  is  exploded  with 
just  sufficient  oxygen  to  burn  the  carbon  to  carbon  monoxide,  the  cooied  products 
consist  of  carbon  monoxide  and  free  hydrogen — 

CaH,  +  0,-2CO  +  2H,. 

Professor  Smithells  in  1892  was  led  to  indorse  this  view  as  the  result  of  his 
analyses  of  the  interconal  gases  of  hydrocarbon  fiames. 

It  seems  to  me  that  the  idea  of  *  preferential  combustion,*  whether  of  hvdrogen 
or  of  carbon,  is  closely  allied  to  the  old  doctrine  of '  elective  affinity,*  and  tliat  it  is 
hardly  to  be  reconciled  with  modem  conceptions  of  the  nature  and  conditions  of 
chemical  change  in  a  homogeneous  system.  Furthermore,  it  may  be  pointed  out 
that  the  evidence  usually  adduced  in  support  of  the  contention  that  carbon  bums 
preferentially  to  hydrogen  is  wholly  derived  from  experiments  on  the  oxidation 
of  hydrocarbons  at  very  hi^h  temperatures,  either  in  the  fiame,  or  in  the  explosion 
wave.  Under  these  conditions  it  is  practically  impossible,  by  any  means  at  our 
command  at  present,  to  disting^uish  the  character  of  the  primary  oxidation  in  the 
case  of  a  hydrocarbon,  for  since  the  velocities  of  all  the  reactions  concerned 
are  enormously  great,  the  fical  state  of  equilibrium  is  almost  instantaneously 
established. 

The  experiments  on  the  slow  combustion  of  methane  and  ethane,  which  have 
led  me  to  make  this  communication,  have  been  carried  out  at  temperatures  &r 
below  the  ignition-points  of  the  gases — that  is  to  sav,  at  temperatures  where  the 
oxidation  velocities  are  sufficiently  small  to  allow  oi  their  bemg  easily  measured. 
It  is  also  important  to  observe  that  either  of  the  hydrocarbons  in  question 
interacts  with  oxygen  at  temperatures  below  those  at  which  the  velocities  of  any 
of  the  undermentioned  possible  secondary  changes  become  appreciable : — 

(i)  2H,  +  0,-2H,0. 

(ii)  200  +  05  =  200,. 

(moist) 
(iii)  CO  +  HaO ;;;?:  CO,  +  H,0. 
(iv)  Reduction  of  CO,,  or  of  U.fl,  by  carbon. 

Therefore,  by  suitably  choosing  our  temperature  conditions  we  have  been  able 
to  exclude  the  possibility  of  these  reactions  occurring,  and  so  to  prevent  the  com- 
plete masking  of  the  primary  reaction  by  secondary  ^nges. 

The  details  of  these  experiments  either  have  been,  or  shortly  will  be,  pub- 
lished elsewhere,'  and  we  need  therefore  only  here  indicate  the  general  character 
of  the  results. 

In  the  first  place,  we  should  say  that  the  mixtures  of  methane  (or  ethane)  and 
oxygen  employed  usually  contained  just  sufficient  oxygen  to  bum  the  carbon  of 

>  Tram,  Oiem.  Soc.  (1002),  81,  535 ;  89,  1903. 
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the  hydrocarbon  to  carbon  monoxide  (e^.  mixtures  of  two  Tolumes  methane  with 
one  Tolume  oxygen,  or  of  equal  volumes  of  ethane  and  oxygen). 

The  lowest  temperature  at  which  such  mixtures  of  methane  and  oxygen 
interact,  when  sealed  up  in  a  borosilicate  glass  bulb  at  atmospheric  pressure,  and 
afterwards  placed  in  a  constant  temperature  air-bath,  is  somewhere  about  300^; 
in  the  ca^e  of  the  mixtures  of  ethane  and  oxygen  it  is  about  225^.  At  all  tem- 
peratures ethane  is  oxidised  much  more  rapidly  than  is  methane,  other  conditions 
being  equal. 

Under  such  conditions  a  portion  of  the  hydrocarbon  is  burnt  to,  finally,  carbon 
dioxide,  carbon  monoxide,  and  steam,  without  any  liberation  of  free  hydroffen  or 
$qf>aration  of  carboHf  while  a  portion  of  the  original  hydrocarbon  always  remains 
intact.. 

Below  are  tabulated  the  analyses  of  the  products  from  two  typical  experi- 
ments : — 


Products  from  mirture  CH^  =  669, 
0.j  =  33'l,  maintained  7  days 
at  350°. 


Products  from  muvture  CjH«  =  49*8, 
0,  =  fi0'2,  maintained  15  hours 
at  250\ 


CO 14-0  CO, 15-9 

CO" 16-3  CO 41-2 

O, 0-9  0, nU 

CH, 68-8  C,H. 42-9 

Per  cent,  contraction  in  \ 

^r/bSb*^def        --'y^^-O 3W6 

mercury  J 

We  next  devirad  an  apparatus  in  which  the  reacting  gaseous  mixtures  can  be 
continuously  circulated  day  and  night,  at  a  practically  nnifortn  rat«,  (1)  over  a 
surface  maintained  at  a  constant  temperature ;  and  (2)  through  suitable  washing 
and  cooling  arrangements  for  the  removal  of  soluble  or  condensable  intermediate 
products.  A  manometric  arrangement  enables  us  to  take  pressure  records  of  the 
gas  in  the  apparatus  at  regular  time-intervals  throughout  a  given  experiment, 
which  may  often  extend  over  many  consecutive  days  and  nights.  The  records  so 
obtained  show,  in  the  case  of  both  methane  and  ethane,  a  regular  and  continuous 
fall  of  pressure  throughout  the  oxidation. 

The  exper'mients  with  methane  reveal  the  fact  that  formaldehyde  plays  an 
important  r6l€  as  an  intermediate  product ;  that,  indeed,  the  oxidation  involves  at 
least  two  distinct  stages,  namely  : — 

1.  A  primary  oxidation  to  formaldehyde  and  steam — 

H  H 

H    bH  +  0:0  =  nO:0  +  HaO 
H 

2.  The  subsequent  further  rapid  oxidation  of  the  formaldehyde  to  carbon 
monoxide,  carbon  dioxide,  and  steam.  This  may  best  be  considered  as  the  result 
of  two  simultaneous  reactions,  namely : — 

H 

(a)  H- 6:0  +  0:0-0:0:  04-11,0 

H  H 

(b)  H-C:O  +  O:O-i-H-C:O  =  20O  +  2H,O. 

Possibly  the  latter  may  involve  the  formation  and  very  rapid  decomposition  of 
formic  acid.  .  Thus 


H 


II 


H 


0:CH  +  0:0  +  HC:0  =  2Lo  :*C  •  OHJ  =2CO  +  2H,0. 
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In  the  case  of  ethane  we  are  able  to  distinguish  the  successiTo  formations  of 
(1)  acetaldehyde,  and  (2)  formaldehyde,  as  intermediate  products.  The  experi- 
mental results  are  consistent  with  the  following  view  of  the  case,  namely : — 

1.  That  the  primary  oxidation  involves  the  formation  of  acetaldehyde  and 
steam — 

CHj-CHa  +  O,  =  CH3CHO  +  H^O. 

2.  That  the  acetaldehyde  is  further  rapidly  oxidised  to  carbon  monoxide, 
steam,  and  formaldehyde — 

H  H 

HC-H^  0_HC:0 

1         o- 1 

O  :  C  •  H  00  I  H,0 

3.  That  the  formaldehyde  suffers  further  oxidation  as  indicated  above. 

These  views,  it  may  be  stated,  are  supported  by  experiments  on  the  oxidation 
of  acetaldehyde. 

I  wish  it  to  be  understood  that  I  have  provisionally  adopted  the  explanations 
just  given  of  the  oxidation  stages  of  methane  and  ethane  as  a  convenient  working 
hypothesis  because  they  express  most  simply  the  observed  facts.  Professor 
Armstrong  has  recently  given  us  *  a  very  suggestive  general  theory  of  combustion 
which  embodies  his  dictum  that  chemical  interchange  and  electrolysis  must  be 
regarded  as  interchangeable  equivalent  terms.  Applied  to  hydrocarbons  (e^. 
methane)  the  theory  involves  the  successive  '  hydroxylation '  of  each  hydrogen  by 
an  indirect  process,  the  oxygen  being  transferred  electrolytically  across  'conduct- 
ing '  water,  as  indicated  by  the  following  scheme : — 


(1 )  CH,  +  OH,  +  0,  =  CH3(0H)  +  ILO, 

(2)  OH3OH  +  OH,  4  0,=  CIL(0H)3  +  ff JO, 
'3)  OH,(OH),  +  OH,  +  O.  =  CH(OH),  +  H,0, 
*4>  CH(0H)3  f  OH.  +  O;  =  C(OH\  +  H^O, 


I 


The  hydrogen  peroxide  formed  being  in  part  decomposed  by  heat,  and  in  part 
acting  as  depolariser. 

The  hydroxylated  molecules  thus  produced  may  decompose,  as  for  instance : — 

(6)  CH,(OH),  =  CH,0  +  H,0 
formaldehyde ; 

and  then  the  formaldehyde  is  further  indirectly  oxidised  to  (1)  formic  acid 
(2)  carbonic  acid,  thus : — 

(6)  0:0:  H,  +  OH,  +  0,  -^^>C:0  +  H,0, 

(7)  ^g>C  :  0  +  OH,  +  0,-gg>C  :  0  +  H,0, 

The  formic  and  carbonic  acids  thus  produced  then  decompose,  as  follows : — 

(8)  ^^>C  :  0  =  00  +  H,0 

(9)gg>0:0  =  00,  +  H,0 

It  does  not  come^within  the  province  of  this  paper  to  discuss  this  electrolytic 
theory  of  chemical  change;  it  should,  however,  be  pointed  out  that  Professor 
Armstrong's  views  demand  the  formation  of  an  alcohol  in  the  primary  oxidation 
of  a  saturated  hydrocarbon.    Although  I  have  never  failed  to  obtain  a  marked 

»  Trans,  Chem.  Soc.  1903,  88, 1088.  . 
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formation  of  aldehydes  in  my  experiments  on  methane  and  ethane,  I  have  so  far 
aearehed  in  vain  for  alcohols;  if  the  latter  are  produced  duriog  the  primary 
oxidation,  they  are  very  rapidly  further  oxidised  to  the  corresponmng  aldehyde, 
which  must  he  presumed  to  he  more  stable  under  these  conditions. 

The  question  now  arises  whether  these  reactions  which  undoubtedly  occur  at 
low  temperatures  also  occur  at  the  higher  temperatures  of  hydrocarbon  flames.  My 
own  view  is  this :  the  velocities  of  these  '  low  temperature  *  reactions  will  rapidly 
increase  as  the  temperature  rises,  and  so  long  as  aldehydes  can  exist,  aldehydle 
formation  will  occur.  But  aldehydes  themselves  decompose  at  high  temperatures  ; 
thus  acetaldehyde  is  known  to  yield  carbon  monoxide  and  methane — 

CH,CnO  +  CH,  +  CO 

and  similarly  formaldehyde  yields  carbon  monoxide  and  hydrogen — 

HCH0  =  C0  +  H2 

and  posmbly  within  certain  temperature  limits  these  reactions  are  reversible. 

The  production  of  formaldehyde  in  the  oxidation  of  methane,  for  example, 
will  only  be  limited  by  the  temperature  at  which  formaldehyde  is  incapable  of 
existence,  whatever  that  may  be. 

We  shall  have  to  take  into  account  similar  considerations  in  discussing  other 
probable  changes,  as,  for  example,  ^1)  the  further  oxidation  of  aldehydes,  and 
(2)  the  purely  thermal  decomposition  of  hydrocarbons.  All  these  possible 
reactions  call  for  further  careful  investigation.  As  yet  we  have  so  few  well- 
established  data  that  it  seems  premature  to  formulate  general  theories.  The 
subject  is  very  complex,  and  is  beset  with  many  and  great  experimental  difficulties, 
but  it  is  surely  within  our  power  to  overcome  them,  especially  if  a  sufficient 
number  of  workers  will  co-operate. 


2.  Fluorescence  as  related  to  tl^e  ConstittUion  of  Organic  Substances^ 
By  John  Throdorb  Hewitt. 

A  distinction  must  be  made  between  substances  which  are  simply  coloured  and 
those  which  exhibit  the  phenomenon  known  as  fluorescence.  Whilst  bota  classea 
of  substances  select  radiant  energy  of  certain  wave-lengths,  the  fate  of  this  energy 
is  different  in  the  two  cases.  A  merely  coloured  substance  degrades  the  energy  it 
absorbs  to  a  confused  mixture  of  relatively  slow  vibrations,  so  that  the  substance 
or  its  solution  tends  to  rise  in  temperature.  A  fluorescent  solution  largely  traoa- 
fbrms  the  absorbed  energy  and  emits  it  with  an  altered  frequency,  in  most  cases 
still  sufficiently  high  for  the  emitted  energy  to  appear  as  light. 

Both  the  absorption  and  the  fluorescent  spectrum  are  composed  of  bands 
which  in  the  fluorescent  spectrum  are  usually  broader  than  in  the  absorptioii 
spectrum.  Dark-line  absorption  spectra  or  bright-line  fluorescent  spectra  are  not 
to  be  expected  in  the  case  of  a  solution ;  the  molecules  of  the  solvent  must  exert 
an  influence  on  the  vibrations  of  the  molecules  of  dissolved  coloured  substance,  and, 
this  influence  not  being  uniform  for  all  the  molecules  of  dissolved  substance,  both 
spectra  can  only  be  expected  to  consist  of  bands  and  not  of  lines. 

In  the  case  of  a  gas  the  emission  spectrum  varies  with  the  pressure ;  should 
the  gas  be  sufficiently  rarefied,  the  molecules  perform  their  vibrations  in  an 
unfettered  manner  and  the  spectrum  consists  of  bright  lines  corresponding  to 
definite  rates  of  vibration.  But  on  increasing  the  pressure  of  the  gas  tJie  molecules 
must  mutually  influence  one  another,  with  the  result  that  their  rates  of  vibration 
are  affected.  Since  at  any  instant  different  molecules  will  not  be  affected  to  the 
same  extent,  they  will  execute  their  vibrations  at  somewhat  varying  rates  and  the 
lines  in  the  spectrum  will  broaden  into  bands.  A  fluorescent-line  spectrum  could 
only  be  found  in  the  case  of  a  gas ;  whether  any  sufficiently  fluorescent  rarefied  gas 
exists  appears  very  doubtful. 
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The  ultimate  cause  of  fluorescence  has  naturally  attracted  attention.  Stokes  * 
ivas  inclined  to  attribute  a  peculiar  sensibility  to  the  molecules  of  substances 
exhibiting  this  phenomenon.  Lommel  ^  started  with  the  assumption  that  light  of 
a  certain  frequency  may  give  riee  to  yibrations  of  varying  amplitudes  in  the  mole- 
cules of  a  substance.  If  the  frequency  depends  on  the  amplitude,  the  emitted 
light  will  not  be  homogeneous  and  the  substance  may  be  considered  as  fluorescent. 
Two  grave  objections  to  Lommers  theory  are,  that  there  seems  to  be  no  possi- 
bility of  a  source  of  lififht  remaining  homogeneous  whilst  it  fades  in  intensity,  and 
that  aU  coloured  substances  should  be  fluorescent.  Both  deductions  are  at 
variance  with  actual  facts. 

Fluorescence  must  of  necessity  attract  the  attention  of  organic  chemists,  chiefly 
on  account  of  the  fact  that  so  many  fluorescent  substances  are  organic  compounds 
of  known  constitution.  Richard  Meyer '  attempted  to  connect  the  fluorescence 
of  organic  dyestufis  with  the  presence  of  certain  atomic  groupings  which  he  termed 
*  fluoTophors.'  Amongst  such  fluorophors,  the  pyridine,  pyrone,  and  paradiazine 
'  rings  may  be  mentioned.  For  fluorescence  to  be  developed  it  is  necessary  that 
the  fluorophor  be  attached  to  heavy  carbon  groups,  usually  aromatic  nucleL 
Meyer's  theory  gives  no  explanation  of  the  influence  of  solvents  and  of  the  difler- 
ences  frequently  observed  in  the  case  of  isomeric  compounds. 

The  present  author  ^  has  started  from  a  fundamentally  difierent  point  of  view^ 
which  may  be  stated  as  follows.  If  in  the  case  of  a  tautomeric  compound  the 
passage  from  one  to  the  other  configuration  can  be  effected  by  two  equal  but 
opposite  atomic  displacements,  the  molecules  will  vibrate  between  the  two  extreme 
positions  of  less  symmetry,  passing  through  the  intermediate  more  symmetrical 
configuration.  Energy  absorbed  when  the  molecules  possessed  one  configuration 
could  then  be  emitted  when  tbey  had  the  other  configuration ;  and  as  the  two 
configurations  would  certainly  correspond  to  different  vibration  frequencies,  one 
has  the  necessary  conditions  for  the  exhibition  of  fluorescence. 

Consider  the  fluorescence  phenomena  in  the  case  of  the  following  comprmnds : — 

I.  Fhioran,^  G^U.fi,, 


II.  S'6'Dihydroxi(/luoran  or  Fluorescein,  C^yJ?*^^, 

III.  Tetrabromofluorescetn  {Eo8%ne\  OjoHgBr^Oj. 

IV.  Tetraiodqfluorescnn,  C^^HgLO^. 

V.  ^'b-Din%trofuore9cem,''  0,oHi^(NO.)A. 
VI.  4'^I>initro'2-7'd{bromq/luoresoein/  C^HgCNO^^Br.p,. 
VII.  ^'I'Dimtro-i'b'dihromofluoreBcein,''  0^^lLX^O^\^Tfir^. 

Of  these  substances,  I.  is  colourless,  and  in  'neutral  solvents  gives  colourless, 
non-fluorescent  solutions.  It  fluoresces,  however,  if  dissolved  in  strong  sulphuric 
acid.     II.  III.  and  IV.  all  fluoresce,  especially  in  alkaline  solution. 

The  alkaline  solutions  of  V.  VI.  VII.  do  not  fluoresce  at  all.  Meyer  h  theory 
gives  no  explanation  of  these  differences.    The  theory  now  brought  forward  agree* 

>  Phil  Tram.,  1852,  463.  «  Wied.  AnnaUm,  8,  268. 

*  ZeiUohr.  physikaL  Ch.  (1897),  84,  468. 

*  J'roo.  Ch.  Soo.  (1900).  16,  3;  ZeUtohr,  phytiJuil  Ch,  (1900),  84,  1-19. 

*  Beriohte  (1891).  24,  1412;  (1892),  25,  1385;  Annalen  (1882),  212,  349. 

*  J,  Chem.  Soc.  (1900)  77,  1324 ;  (1902),  81,  893. 

'  Ibid.  (1902),  81,  893.  .     ^^^T^ 
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with  the  obflenred  facts.  Fluoran,  thotu(h  not  itaelf  tautomeric,  might  give  tauto- 
meric fluorescent  oxonium  salts ;  these  have  been  isolated.  The  non-flaorescence 
of  the  nitro-  derivatives  of  fluorescein  is  readily  explained ;  the  nitro-  groups  enter 
into  the  ortho-  positions  to  the  hydroxyl  groups,  and  since  compounds  of  the  type 
— C(N02)  -  C(OH)— yield  sodium  salu  which  are,  in  all  probability,  of  the  general 
formula — C(N02Na)-C0 — the  fluorescence  which  depends  on  a  doubly  sym- 
metrical tautomerism  is  necessarily  inhibited. 

Whilst  in  the  greater  number  of  cases  the  theory  propounded  agrees  with  the 
obeerved  facts,  exceptions  such  as  the  following  must  not  be  overlooked. 

1.  Substances  having  the  necessarjr  constitution,  but  not  exhibiting  fluoreeoenoe. 
A  secondary  tautomerism  might  inhibit  the  vibration  between  two  extreme 

similar  configurations ;  this  case  has  been  considered  in  dealing  with  the  nitro- 
derivatives  of  fluoresc^n. 

In  some  cases  it  is  possible  that  fluorescence  has  not  been  detected  owing  to 
the  emitted  radiant  energy  corresponding  to  an  invisible  part  of  the  spectrum. 

Another  cause  which  may  preclude  the  necessary  vibration  is  that  the  sym- 
metrical intermediate  configuration  may  correspond  to  more  molecular  free  energy 
than  the  extreme  unsymmetrical  configurations.  The  molecule  would  then  have 
no  tendency  to  vibrate  regularly,  the  case  being  analogous  to  that  of  an  inverted 
pendulum. 

2.  Substances  which  fluoresce  but  cannot  possess  doubly  symmetrical  tautomeric 
formula. 

The  author  does  not  think  the  occurrence  of  such  substances  can  be  taken  as  a 
serious  argument  against  his  theory,  which  may  be  formulated  as  follows : 

If  the  molecules  of  a  tautomeric  substance  possess  such  a  structure  that  the 
passage  from  the  configuration  of  least  free  energy  to  the  less  stable  configuration 
may  be  eflected  by  equal  and  ophite  atomic  displacements,  the  molectdes  wiU 
vibrate  between  the  extreme  positions  and  the  substance  exhibit  the  phenomenon 
of  fluorescence. 

That  fluorescence  may  be  due  to  other  causes  is  not  negatived  by  this  assertion. 


3.  Preliminary  Note  on  some  Electric  Furnace  Reactions  under  High 
Gaseous  Pressures,     By  J.  E.  Petavel  and  R.  S.  Hutton. 

The  paper  gives  an  account  of  some  work  carried  out  in  an  inclosed  electric 
furnace  constructed  to  work  with  gaseous  pressures  up  to  200  atmospheres. 
The  power  employed  has  been  usually  about  16  kilowatts  per  hour,  the  furnace 
containing  a  charge  of  about  20  lb.  of  material  and  1,000  to  2,000  litres  of  gas. 
A  second  furnace  of  about  one-tenth  the  capacity  was  used  for  gas  reactions  with 
high-tension  current. 

The  reactions  at  present  imder  investigation  include  the  direct  reduction  oi 
alumina  bv  carbon,  the  conditions  of  formation  of  calcium  carbide,  particularly  as 
modified  by  the  change  of  gaseous  atmosphere,  and  the  formation  of  graphite. 
With  regaid  to  gaseous  reactions  a  study  of  the  production  of  nitric  acid  and 
cyanogen  compounds  has  already  been  commenced. 

The  preliminary  experiments  have  shown  that  under  pressure  alumina  is 
reduced  to  the  metallic  condition,  but  in  all  cases  accompanied  by  a  large  amount 
of  aluminium  carbide.  This  reaction  is  most  unfavourably  influenced  if  Uie  carbon 
monoxide  which  is  formed  be  retained,  whereas  it  is  favoiured  by  the  rapid  removal 
of  the  gaseous  products  of  reaction.  So  far  as  calcium  carbide  is  concerned, 
contrary  to  expectation,  the  yield  is  in  no  way  diminished  by  the  presence  of 
carbon  monoxide  gas  even  at  high  pressures.  An  important  difference  in  the 
methods  of  working  is  necessary  in  those  cases  where  it  is  desired  to  effect  purely 
gaseous  reactions.  Here  a  high-tension  current  is  required.  For  instance,  tlis 
formation  of  nitric  acid,  even  at  pressures  of  100  atmospheres,  is  only  accomplished  in 
appreciable  amount  where  the  electromotive  force  usea  is  of  several  thousand  volts. 

The  account  includes  a  general  description  of  the  plant  employed  for  preparing 
and  compressing  the  various  pure  gases  required  in  quantity  for  this  work. 
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4.  The  Atomic  Latent  Heats  of  Fusion  of  the  Metals  considered  from  the 
Kinetic  Staiidpoxnt,    By  Holland  Crompton. 

According  to  the  kinetic  theory,  if  a  fluid  is  composed  of  monatomic  molecules, 
the  kinetic  energy  given  to  the  particles  of  the  fluid  on  heating,  if  no  external 
work  is  done,  is  equivalent  to  2*90  x  T  calories  for  the  gram-molecule.  If  it  is 
araumed  that  in  the  solidification  of  such  a  fluid  the  process  consists  mainly  in 
bringing  the  molecules  (in  this  case  atoms)  to  rest,  or  in  lai^ly  restricting  their 
motion,  kinetic  energy  approximately  equivalent  in  amount  to  2*96  x  T  oeilories 
should  be  lost  by  the  gram-molecuJe.  Hence  in  the  above  case  the  molecular 
(atomic)  latent  heat  of  fusion  Ar  should  approximate  to  2*96  xT  calories,  or 
Ar/T-2-96. 

As  a  matter  of  fact,  the  values  of  Ar/T  in  the  case  of  fourteen  diflerent  metals, 
presumably  of  monatomic  structure,  vary  between  1*82  for  potassium  and  3*06  for 
tin,  the  averaffe  value  being  2*4.  Up  to  the  present  only  two  cases  have  been  met 
with  among  the  metals  in  which  tne  determined  values  of  r  do  not  bring  Ar/T 
within  these  limits,  these  being  gallium  and  bismuth,  for  which  the  values  of 
Ar/T  are  467  and  482  respectively. 


5.  The  Influence  of  Small  Quantities  of  Water  in  bringing  about  Chemical 
Reaction  between  Salts.    By  Edgar  Philip  Perman,  D,Sc. 

Many  experimenters  have  investigated  the  influence  of  traces  of  moisture  in 
reactions  between  gases,  but  so  far  as  I  am  aware  no  one  has  hitherto  made  similar 
experiments  with  solids. 

The  substances  chosen  for  experiment  were  salts  of  lead  or  mercury,  and  salts 
of  potassium,  usually  the  iodide,  which  would  show  the  occurrence  and  progress  of 
a  reaction  by  a  colour  change. 

a.  Experiments  tcith  Lead  Chloride  and  Potassium  Iodide. — Equivalent  quanti- 
ties of  the  two  salts  were  dried  over  strong  sulphuric  acid  in  a  suitable  apparatus, 
and  then  mixed ;  it  was  found  that  after  forty-eight  hours*  drying  no  visible  change 
took  place  on  mixing  the  salts,  but  on  keeping  the  mixture  for  a  week  (in  a  sealed 
flask)  a  faint  yellow  colour  appeared,  which  gradually  deepened,  until  after  some 
months  it  became  a  bright  yellow. 

Attempts  were  made  to  discover  how  much  water  was  necessary  in  order  to 
make  the  reaction  immediately  visible ;  the  results  were  not  very  concordant,  but 
indicated  about  *5  mg.  as  the  amount  necessarv  in  the  conditions  of  the  experi- 
ment, viz.  two  grams  of  potassium  iodide  and  an  equivalent  quantity  of  lead 
chloride  were  mixed  in  a  gloss  flask  of  about  100  c.c.  capacity. 

b.  Experiments  with  other  Lead  Salts  and  Potassium  Iodide, — Lead  formate 
and  lead  nitrate  were  found  to  act  in  a  similar  way  to  the  chloride. 

Lead  sulphate  reacts  much  more  slowly,  although  exposed  to  the  air,  while 
the  carbonate  and  the  oxide  react  very  slowly  indeed. 

c.  Experiments  with  Mercuric  Chloride  and  Potassium  Iodide. — Mercuric 
chloride  and  potassium  iodide  treated  in  exactly  the  same  way  as  already  described 
gave  a  strong  red  coloration  on  mixing;  the  same  result  was  obtamed  when 
commercial  phosnhoric  anhydride  was  used  as  a  drying  agent.  By  drying  with 
specially  prepared  phosphoric  anhydride,  however,  the  mixture  obtained  has  been 
kept  for  some  months  without  change. 

d.  Other  Experiments  with  Mercuric  Salts, — Mercuric  cyanide  showed  no 
reaction  with  potassium  iodide. 

Mercuric  chloride  and  potassium  chromate  reacted  very  slowly,  although  exposed 
to  the  air. 

Discussion  of  Results. — There  is  no  reason  for  thinking  that  thes^  reactions 
take  place  in  any  way  essentially  diflerent  from  similar  reactions  in  solution,  and 
I  believe  that  the  only  diflerence  is  the  extreme  slowness  of  the  reaction.    It  is 
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noteworthy  that  the  velocity  of  the  reaction  between  mercuric  chloride  and  potas- 
sium iodide  is  enormously  g;reater  than  that  between  lead  chloride  and  potasaam 
iodide  when  dried  in  the  same  way.  The  fieu^tors  to  which  this  difference  may  be 
referred  are  (1)  solubility,  (2)  volatility,  (8)  degree  of  ionisation,  (4)  specific  re- 
action Telocity.    We  will  consider  theee  in  order. 

(1)  Mercuric  chloride  is  about  ten  times  as  soluble  as  lead  chloride  in  cold  water, 
but  this  alone  would  not  account  for  the  difference ;  e,g,  mercuric  cyanide  is  still 
more  soluble,  but  does  not  react  at  all. 

(2)  Judnng  firom  the  boiling-points,  mercuric  chloride  would  appear  to  be 
more  ydatile  than  lead  chloride,  the  boiling-point  of  the  former  being  dO^  C.  and 
that  of  the  latter  about  90(f  C ;  but  I  find  that  on  aspirating  air  over  each  salt 
and  then  over  potassium  iodide,  the  vapour  from  the  lead  chloride  affects  the 
potassium  iodide  much  the  sooner. 

The  difference  in  the  speed  of  the  two  reactions  (a  and  c)  cannot  therefore  be 
caused  by  the  difference  in  volatility. 

(3)  The  degree  of  ionieation  cannot  be  the  cause  of  the  difference  noted,  ion 
mercuric  chloride  is  known  to  be  very  slightly  ionised  in  solution,  while  lead 
chloride  may  be  taken  as  completely  ionised. 

(4)  The  specific  reaction  velocity  appears  to  be  the  real  determining  factor,  and 
the  reaction  is  probably  of  the  form  AU  -i-  CD  -  AD  •¥  BC.  If  it  is  om^  free  ions 
that  react  (which  seems  to  me  improbable),  then  the  velocity  of  ionisation  in  the 
case  of  mercuric  chloride  must  be  extremely  great. 

There  may  also  be  other  factors  not  yet  understood. 


6.  Report  of  the  Committee  on  the  relation  between  the  Absorption  Spectra 
and  Chemical  Constitution  of  Organic  Substances, — See  Reports, 
p.  126. 


TUESDAY,  SEPTEMBER  16. 
The  following  Papers  and  Reports  were  read : — 

1.  Freezing -poird  Curves  for  Binary  Systems, 
By  James  C.  Philip,  M,A.,  Fh,D, 

When  a  liquid  mixture  of  two  components  is  cooled,  a  point  is  reached  at 
which  separation  of  solid  takes  place.  For  complete  interpretation  of  the  pheno- 
mena, it  IS  necessary  to  know  not  only  (1)  this  temperature  of  initial  free^iD^* 
but  also  (2)  the  composition  of  the  separating  solid,  and  (8)  that  of  the  liquid 
from  which  it  separates.  The  varying  character  of  the  relation  between  (2)  and 
(3)  is  best  demonstrated  graphically  by  plotting  the  one  against  the  other  in  a 
square  diagram.  It  is  then  found  that  the  cases  experimentally  known  &11  into 
one  or  other  of  two  classes,  according  as  the  composition  of  the  solid  varies  con- 
tinuously with  that  of  the  liquid,  or  is  constant  for  certain  ranges  of  concentration, 
and  to  that  extent  independent  of  the  composition  of  the  liquid.  To  the  former 
class  belong  systems  of  two  components  that  form  mixed  crystals ;  the  components 
of  systems  in  the  latter  class  do  not  form  mixed  crystals,  and  the  definite  solids 
that  separate  out,  each  within  its  own  range,  are  either  the  pure  components  or 
compounds  of  these.  If  consideration  is  confined  to  the  latter  class  of  cases,  it  is 
found  tliat  on  the  freezing-point  curves  (t.c.  the  curves  obtained  by  plotting  the 
temperature  of  initial  freezing  against  the  composition  of  the  liquia)  there  is  « 
branch  corresponding  with  each  range  of  concentration  over  which  the  separating 
solid  is  definite  and  constant.  With  the  intersection  of  two  branches  on  the 
freezing-point  curve,  there  corresponds  a  vertical  line  on  the  square  diagram,  w^ 
where  the  freezing-point  curve  has  an  intermediate  branch  with  a  summit,  there  is 

Digitized  by  CjOOQIC 


TRANSACTIONS  OF  SECTION  B.  633 

on  the  square  diagpram  a  horizontal  line  cutting  the  diagonal.  Further,  the  com{>o- 
eition  at  a  sanimit  point  on  the  freezing-point  curve  is  exactly  that  of  the  definite 
solid  separating  out  oyer  that  branch  of  the  curve.  Experimental  examples  of 
these  relationships  are  supplied,  for  example,  by  Roozeboom's  work  on  the  hydrates 
of  ferric  chloride,  Stortenbeker's  work  on  iodine  and  chlorine,  Heycock  and 
NevUle's  work  on  gold  and  aluminium,  and  the  author's  work  ^  on  the  freezing- 
point  curves  for  mixtures  of  or^nic  substances.  Two  cases  are  specially  referred 
to :  (a)  where  the  freezing-pom t  curve  exhibits  a  branch  that  does  not  reach  a 
summit ;  (b)  where  the  two  components  form  a  compound  that  is  dimorphous,  and 
the  corresponding  freezing-point  curve  exhibits  two  intermediate  branches,  the 
one  enveloping  Uie  other.  JExamples  of  case  (a)  are  furnished  by  the  freezing- 
point  curve  for  gold  and  aluminium,  and,  to  a  certain  extent,  by  that  for  phenol 
and  urea.^  Examples  of  case  (5)  are  found  in  the  freezing-point  curve  for  iodine 
and  chlorine,  and  m  that  for  phenol  and  />-toluidine.^ 


2.  A  Contribution  to  the  Constitution  of  Disaccharides. 
By  Thos.  Purdie,  F.H.S.y  and  James  C.  Irvine,  PA.D.,  D.Sc, 

It  IS  shown  in  a  recent  communication  to  the  Chemical  Society  that  tetra- 
methyl  a-methyl  glucoside,  obtained  by  the  action  of  methyl  iodide  ana  silver  oxide 
on  a-methyl  glucoside,  yields  on  hydrolysis  a  well-defined  crystalline  tetramethyl 
glucose  possessing  the  ordinary  properties  of  an  aldose.  The  reactions  of  tms 
substance  prove  that  its  uumethylated  hydroxyl  group  is  in  the  y  position,  and 
direct  evidence  is  thus  obtained  of  the  correctness  of  Fischer's  formula  for  the 
parent  methyl  glucoside. 

The  authors  have  extendi  their  experiments  to  the  hydrolysable  sugars,  and 
the  present  paper  deals  with  the  results  obtained  in  the  methylation  of  cane-sugar 
and  maltose. 

Methylation  of  Cane-sugar, 

An  aqueous  solution  of  cane-sugar  was  mixed  with  methyl  alcohol  and  alkylated 
as  usual  hy  the  addition  of  silver  oxide  and  methyl  iodide.  The  product,  wluch 
was  readily  soluble  in  alcohol,  was  then  treated  as  in  the  alkylation  of  methyl 
glucoside,  two  further  alkylations  in  alcoholic  solution  and  one  in  methyl  iodide 
beiog  necessary  to  complete  the  reaction. 

The  alkylated  cane-sugar  is  a  viscid  neutra]  syrup  readily  soluble  in  ether, 
alcohol,  or  methyl  iodide,  and  showing  no  action  on  Fenlin{^'*s  solution. 

The  compound  has  not  yet  been  obudned  in  a  state  of  nmity,  but  combustions  of 
the  substance  dried  at  100^  in  a  vacuum  and  metboxyl  determinations  hj  Zeisel's 
method  showed  that  the  alkylation  was  practically  complete.  On  hydrolysis,  which 
was  efiected  by  boiling  with  dilute  hydrochloric  acid,  the  initial  dextro-rotation 
though  not  inverted  was  much  reduced,  and  the  cane-sugar  ether  wfis  resolved 
into  a  mixture  of  methylated  glucose  and  fructose.  The  former  proved  to  be 
identical  with  the  tetramethyl  glucose  (m.p.  81^-84°)  above  referred  to ;  in  one 
experiment  the  compound  crystallised  spontaneously  from  the  oil^  product  of  the 
hydrolysis,  whilst  in  other  cases  it  was  obtained  only  after  fractional  distillation 
of  this  product,  being  then  found  in  the  higher  boiling  distillate.  The  more  vola- 
tile fractions,  judgmg  from  their  lower  dextro-rotatory  power,  contained  the 
methylated  fructose,  but  the  substance  did  not  crystallise,  and  it  was  found  impos- 
sible to  efiect  a  complete  separation  by  vacuum  distillation. 

At  our  suggestion,  Mr.  D.  M.  Paul  undertook  the  probation  of  tetramethyl 
fructose  from  methyl  fructoside,  in  the  hope  of  establishing  the  identity  of  the 
substance  with  the  methylated  fructose  produced  in  the  above  hydrolysis.  The 
preparation  yielded  tetramethyl  methyl  fructo^de  as  a  colourless  mobile  oil 
boiling  at  182^-136^  under  10  mm.  pressure  and  having  no  action  on  Fehling's 
solution. 

»  Journal  of  the  Chemical  Society,  1903,  88,  814.  «  Loc.  cit,  *  Zoc,  oit. 
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The  hydrolysis  of  this  compound  gave  a  colourless  liquid  (b.p.  153®-15ff* 
under  18  mm.  pressure),  which  readily  reduced  FehliDg's  solution  and  showed  in 
approximately  5  per  cent,  alcoholic  solution  a  specific  rotation  of  —21 '7^.  Tfe 
substance  was  evidently  oomparatiyely  pure  tetramethyl  iructoee.  No  crystaUiiie 
derivative  of  the  compound  being  obtained,  we  have  thus  so  far  no  direct  evidenes 
of  its  production  in  the  hydrolysis  of  alkylated  cane-sugar. 

The  production  from  cane-sugar  of  the  identical  tetramethyl  glucose  previoudy 
obtained  from  methyl  glucoside  shows  that  the  linking  of  the  glucose  residue  in 
the  former  is  the  same  as  in  the  latter  compound^  and  consequently  Fiacher^s 
formula,^ 


I  "  I 

OH,OH  •  CHOH  •  CH  •  (CHOH),  •  CH 

O 

CII.OH  •  CH  •  (CHOH),  •  C  •  CH,,OH 

^ O ^ 

so  far  as  the  glucose  half  of  the  molecule  is  concerned,  is  proved  to  be  correct. 

Alhf  lotion  of  Maltose, 

The  method  adopted  was  similar  to  that  already  described  for  cane-sugmr,  save 
that  no  solvent  water  was  required.  The  process  was  at  first  attended  with  an 
appreciable  amount  of  oxidation,  and  after  tne  first  treatment  the  syrup  obtained 
was  acid  in  reaction.  The  finalproduct  was  a  thick  neutral  syrup  without  action 
on  Fehlin^  until  hydrolysed.  The  assumption  is  that  the  free  aldehyde  group  bad 
been  oxidised,  and  subsequently  methylated.  The  substance  was  hydrolysed  by 
boiling  for  an  hour  with  1^  per  cent,  hydrochloric  acid.  The  solution  was  neutra- 
lised exactly  with  barium  hydrate,  evaporated  in  a  vacuum  at  60^,  and  the  residQe 
extracted  with  boiling  alcohol.  A  mixture  of  the  methylated  glucose  with  the 
barium  salt  of  the  oxidation  acid  was  thus  obtained,  from  which*  the  alkylated 
sugar  was  extracted  with  ether.  From  this  extract  tetramethyl  glucose  was  ob- 
tained on  distillation  in  a  vacuum,  and  the  substance,  after  removal  of  a  trace  of 
organic  acid  and  some  incompletely  alkylated  glucose,  was  finally  obtsined  crrstal- 
line.  After  recrystallisation  from  ligroin  the  compound  melted  sharply  at  84  ,  and 
its  identity  was  further  confirmed  by  analysis. 

The  acid  produced  by  the  oxidation  was  recovered  from  the  barium  salt.  It 
distilled  in  a  vacuum  apparently  without  decomposition,  and  the  figures  obtained 
from  combustions  and  methoxyl  determinations  agreed  approximately  with  those 
required  for  tetramethyl  gluconic  acid. 

The  above  results  idiow  that  the  linkage  of  the  glucose  residues  in  maltose  is 
not  of  the  acetal,  but  of  the  glucosidic  type,  and  are  in  agreement  with  the 
formula 

CHO  •  (CHOH),  •  CHj-O-CH  •  (CHOH),  •  CH  •  CHOH  •  CH.OH 

J 0 1 

suggested  by  Fischer.^ 

The  alkylation  of  polysaccharides  and  glucosides,  and  the  identification  of  the 
alkylated  products  obtained  by  hydrolysis,  seem  to  furnish  a  general  method  for 
elucidating  the  constitution  of  these  compounds,  and  the  authors  are  continuing 
their  experiments  in  this  direction. 

»  Ber.  (1893),  26,  2406.  *  Zoc.  cit. 
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3.  Mutarotation  in  relation  to  the  Lactonic  Structure  of  Glucose, 
By  E.  Frankland  Armstrong,  Ph,D. 

Experiments  have  been  made  which  dhow  that  the  hydrolysis  of  ^^methyl- 
glucoeide  by  emulsin  in  its  initial  stages  proceeds  faster  than  the  change  of 
rotatory  power  of  the  glucose  formed ;  it  is  accordingly  possible  to  make  optical 
determmations  of  the  hydrolysis  at  given  time  intervals,  and  then  by  the  addition 
of  alkali  stop  the  action  of  the  eni^^me,  and  at  the  same  time  rapidly  convert  the 
glucose  into  its  stable  form.  On  doiug  this  a  considerable  rise  in  rotatory  power 
was  observed,  proving  that  the  i3-glucoside  yields  on  hydrolysis  the  modification 
of  fflncoside  of  low  rotatory  power  corresponding  to  Tanret's  solid  y-glucose. 
Similarly,  a-glucosides  yield  the  modification  of  high  rotatory  power  corresponding 
to  Tanret*s  solid  a-glucose.  These  two  compounds  are  thus  lactones  and  differ 
only  in  respect  of  the  groups  attached  to  the  terminal  carbon  atom.  The  mani- 
festation of  mutarotation  is  therefore  dependent  on  the  conversion  of  one  or  other 
lactone  modification  into  a  mixture  of  both  in  equilibrium,  which,  as  the  rotatory 
power  of  glucose  is  unaffected  by  small  changes  of  temperature,  is  a  constant  at 
ordinary  temperatures. 

Glucose  in  solution  is  thus  a  mixture  of  two  lactones ;  it  is  possible  that  the 
aldehydic  form  may  also  exist,  but  doubtful,  as  glucose  does  not  show  under 
ordinary  conditions  many  of  the  milder  aldehydic  reactions.  It  has  been  possible 
to  extend  these  results  to  other  sugars — viz.  galactose  and  maltose — with  similar 
results. 

From  this  point  of  view  it  is  clear  why,  on  the  addition  of  hydrogen  cyanide  to 
glucose,  two  glncoheptose  derivatives  are  formed  in  unequal  quantities.  It  is  no 
louirer  necessary  to  assume  that  the  hydrogen  cyanide  combines  selectively,  as 
must  be  done  if  it  be  supposed  that  it  is  directly  added  to  an  aldehyde. 

Horace  Brown  has  suggested  that  there  may  possibly  be  a  difference  in  the 
physiological  behaviour  of  a  sugar  in  its  initial  and  nnal  optical  condition.  In  the 
case  of  the  lactone  formula,  however,  this  is  improbable,  as  the  groups  attached  to 
terminal  carbon  atoms,  which  undergo  rearrangement,  are  not  concerned  either 
in  fermentation  or  enzyme  action. 

Thus,  experiments  made  on  the  hydrolysis  ^f  milk  sugar  by  lactase  failed  to 
reveal  any  cnange  in  the  initial  velocity  of  hydrolysis,  whether  a  fresh  solution  or 
one  which  had  l^n  boiled  and  stood  overnight  was  used. 


4.  Synthesis  of  Glucosides.    By  W.  Sloan  Mills,  M,A. 

The  first  known  instance  of  the  synthesis  of  a  glucoside  occurring  in  nature 
was  effected  hj  Michael,  who,  having  prepared  helicin  from  acetochloroglucose  and 
sodium  salicylic  aldehyde  in  absolute  alcohol  solution,  reduced  it  with  sodium 
amal^m  and  obtained  salicin.  Eugenol  and  phenol  glucosides  and  also  methyl- 
arbutin  were  prepared  by  Michael.'  His  method  was  somewhat  modified  by  Ryan,'^ 
who  prepared  o-  and  p-cresol  glucosides,  and  also  carvacrol  glucoside,  which  con- 
tains an  unchanged  pheuolic  hydroxyl  group.  Glucosides  of  the  alcohols  and 
mercaptans  have  been  prepared  by  Fischer'  bjr  the  action  of  the  alcohol  or 
mercaptan  on  the  sugar  in  presence  of  hydrochloric  acid.  A  series  of  crystalline 
a  and  /9  acetochloro-  and  acetobromo-glucoses  have  recently  been  obtained  by 
Fischer  and  Armstrong,'*  by  which  the  synthesis  of  many  alkyl  and  phenol 
glucosides  has  been  effected.  They  have  also  prepared  acetodibromoglucose, 
which  Professor  Fischer  allowed  me  to  use  with  a  view  to  preparing  glucosides 
containing  a  bromine  atom  in  the  glucose  rest,  and  also  amidoglucosides. 

'  C0mj)t.  Bend.  (1879),  89,  355 ;  and  Am.  Chem.  J,  5,  6,  336. 

«  J.  C.  S.  (1899)  76.  1064. 

«  Ber.  (1893)  26,  2400 ;   (1894)  27,  674,  2483,  2985. 

*  Ibid.  (1901)  84,  2885. 
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Preparation  of  PhenoWromoylucoside  (CgHyO.COH),  Br.O.Ce  H^. 

A  solution  of  potassium  phenolate  in  absolute  alcohol  was  allowed  to  act  on  a 
solution  of  acetodibromofflucose  in  chloroform  for  fourteen  days.  The  solution 
was  filtered,  and  the  residue  obtained  on  spontaneous  evaporation  was  neutralised 
with  acetic  acid  and  extracted  with  ether.  When  the  ether  was  evaporated  a 
residue  was  obtained  which,  when  recrystallised  from  dilute  alcohol,  gave  beauti* 
ful  white  needle-shaped  crystals  of  phenolbromoglucoside,  melting  at  165^  C. 
The  glucoside  reduces  Fehling's  solution.  It  is  easily  soluble  in  ether,  acetone, 
and  ethyl  acetate,  soluble  in  alcohol,  and  somewhat  soluble  in  chloroform.  It  is 
easily  soluble  in  concentrated  sodium  hydroxide,  and  the  solution,  when  carefdlly 
neutralised,  rives  a  precipitate  which  melts  at  170®-180°  C,  and  which  tedocei 
Fehling's  solution  only  after  being  hydrolysed  by  boiling  with  dilute  acids. 
The  bromine  in  phenolbromoglucoside  is  not  precipitated  by  silver  nitrate  solution. 

It  is  hoped  to  replace  the  bromine  atom  in  this  compound  by  an  amido-group, 
and  then  by  splitting  ofif  the  phenol  rest  to  obtain  an  amidoglucose,  and  thus 
determine  the  position  of  the  second  bromine  atom  in  acetodibromoglucose. 


5.  PreparcUion  of  OximidO'Compounds.    By  W.  Sloan  Mills,  M.A, 

As  it  seemed  desirable  that  the  work  described  in  the  paper  on  'The  Actioii  of 
Oxides  of  Nitrogen  on  Oximido-compounds  *  should  be  extended  to  other  oximido 
compounds,  97t-nitrobenzalisonitrosoacetone  and  cuminalisonitrosoacetone  and  some 
of  their  derivatives  were  prepared. 

Molecular  proportions  of  isonitrosoacetone  and  m-nitrobenzaldehyde  were  con- 
densed to  wi-nitrobenzalisonitrosoacetone  (OeH.NOjCH  =  CHCO-CH:NOH)  by 
means  of  sodium  hydroxide.  A  theoretical  yield  was  obtained.  When  recijstal- 
lised  from  absolute  alcohol  it  gave  slightly  yellow  coloured  crystals,  melting  at 
164^  C,  which  were  easily  soluble  in  acetone,  ether  and  glacial  acetic  acid*  It  was 
soluble  in  dilute  sodium  hydroxide.  When  treated  with  phenylhrdraxine  a 
yellow  crystalline  hvdrazone  was  formed  tnelling  at  OO^^-lOO*^  C.  Whcai  heated 
on  a  water-bath  with  excess  of  phenylhydrazine  a  dark-red  insoluble  precipitate  was 
obtained,  which  melted  at  206''-207°  0.,  and  proved  to  be  the  dihydrazone  of  m-nitro- 
benzalmethy Iglyoxal  { OgH^CNOa)  CH  =  OH-C(:NNHCeH.)CH(NNH-05H5) I . 

in-Nitrobenzalisonitrosoacetoxime  (qpH^(NOa)-Ce  -  CH-C  =  NOH-OH  -  NOE[) 
was  isolated  when  the  ketone  was  treated  with  free  hydroxylamine.  It  is  soluble 
in  glacial  acetic  acid,  insoluble  in  absolute  alcohol,  and  melts  at  220^  C.  By  the 
action  of  semicarbazide  on  the  ketone  m  -  nitrobenzalisonitroeoacetone  semi- 
carbazone  {C,H4(NO,)CH  =  CHC(  =  NNHCONH,)0H=.NOH}  was  obtained 
which  melted  at  196°-197^  C. 

Cuminalisonitrosoacetone     1  (CH8)2CHC6H^CH  =  CHOO-OH  -  NOH)}     was 

Oared  by  the  condensation  of  cuminol  and  isonitrosoacetone.  It  was  recrystal- 
from  benzene,  giving  beautiful  sulphur  yellow  rectangular  plates  melting  at 
162^-163°  C.  It  does  not  give  readily  a  crystalline  hydrazone.  It  is  eiwily 
soluble  in  ether  and  acetone,  soluble  in  benzene,  and  insoluble  in  petroleum  ether. 
By  the  action  of  semicarbazide  cuminalisonitrosoacetone  semicarbazone 
{(CH3)jCHC«H4CH  =  OHC(NNHCONH„)-OH  =  NOH}  was  obteined,  wluch 
melted  at  176°  C.  when  recrystallised  from  dilute  alcohol.  It  is  easily  soluble  in 
acetone  and  soluble  in  ethyl  acetate  and  ether.  When  the  ketone  was  treated 
with  free  hydroxylamine  in  methyl-alcohol  solution  a  beautiful  white  crystalline 
oxime  {(CH5)pCHCeHvCH  =  CHC  =  N0HCH-N0H}  was precipiteted  on  the 
addition  of  a  little  water.  It  melted  at  192*^  C,  and  was  easily  soluble  in  ether 
acetone  and  ethyl  acetate,  soluble  in  alcohol  and  benzene,  and  somewhat  soluble  in 
chloroform. 
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6.  The  Action  of  Oxides  of  Nitrogen  on  Oximido- compounds. 
By  W.  Sloan  Mills,  M,A. 

In  connection  with  the  study  of  the  chemistry  of  indiarubber,  in  which 
Professor  Harries,  of  the  Uniyersity  of  Berlin,  is  at  present  engaged,  and  which 
takes  the  form  in  the  first  place  of  an  investigation  into  its  behaviour  towards 
oxides  of  nitrogen,  I  was  intrusted  with  the  simpler  preparatory  problem  of  invest!- 
ffatinff  the  action  of  oxides  of  nitrogen  on  oximido-compoun<fs.  For  this  purpose 
benzuisonitrosoacetone  was  preparea,  which  on  being  treated  with  free  hydroxyl- 
amine  under  certain  conditions  in  methyl-alcohol  solution  yielded  long  colour- 
less prism-shaped  crystals  of  benzalisonitrosoacetoxime  (CgH^CII'sCH'O 
=  NOH-CH  =  NOH)  melting  at  201**-202'*  C.  These  were  sparingly  soluble  in  alcohol, 
chloroform,  and  acetone,  soluble  in  glacial  acetic  acid,  and  insoluble  in  absolute 
ether.  When  the  oxime  was  suspended  in  absolute  ether,  and  treited  at  a  low 
temperature  with  nitrogen  peroxide,  a  light  flbcculent  precipitate  of  the  nitrate  of 
benzalmethylglyoximehyperoxide 

C,H,CH  •  CH,-  C  •  CH 
UNO,      N    N 


\> 


I 
-O 


was  formed,  which  melted  when  pure  at  101^-102^  0.  It  was  insoluble  in  dilute  so- 
dium hydroxide  and  did  not  reduce  Fehling^s  solution  in  the  cold.  When  this  sub- 
stance was  slightly  heated  in  benzene  solution,  or  in  glacial  acetic-acid  solution,  it 
was  decomposed  with  the  evolution  of  red  fumes  and  the  formation  of  benzalmethyU 
glyoxalketoxime  {O^UfiH  =  CH  •  C  =  NOH  •  CHO).  When  recrystallised  from 
al>8olute  alcohol,  and  subseauently  from  benzene,  benzalmethylglyoxalketoxime 
separated  in  the  form  of  slightly  brown  needle-shaped  crystals  melting  at 
103**-104*'  C.  It  was  easily  soluble  in  chloroform,  acetone,  benzene,  and  glacial 
acetic  acid,  and  was  soluble  in  ether.  It  reduced  Fehling's  solution  in  the  cold 
and  was  soluble  in  dilute  sodium  hydroxide  and  in  dilute  nitric  acid.  When 
acted  on  by  semicarbazide  it  yielded  two  isomeric  semicarbazones,  one  of  which 
was  easily  soluble  in  glacial  acetic  acid,  and  melted  at  225^-226^0.,  and  the  other, 
which  was  insoluble  in  all  the  usual  organic  solvents,  melted  at  242°  0. 

Hence  by  preparing  the  oxime  of  benzalisonitrosoacetone,  treating  this  with 
nitric  peroxide  and  decomposing  the  resulting  compound  by  heating  it  in  benzene 
solution,  the  interesting  transformation  of  benzalisonitrosoacetone  (OqH.OH 
=  OH  •  CO  •  OH  =  NOH)  into  the  isomeric  benzalmethylglyoxalketoxime  (0«H.CH 
-0H-0  =  N0H- OHO)  was  accomplished.  ^  ""    " 

When  benzalisonitrosoacetone  was  dissolved  in  absolute  ether  and  treated  in  a 
freezing  mixture  with  nitrogen  peroxide  benzalisonitrosoacetone  pseudonitrole 
(O.H5CH  =  CH-00-OHNONOa)  was  formed.  It  was  obUmed  crystaUine 
from  benzene  in  the  form  of  yellow  plates,  melting  at  12S°-124°  C,  and  was  very 
soluble  in  most  organic  solvents.  It  gave  Liebermann's  nitroso-reaction,  and  did 
not  reduce  Fehling's  solution  in  the  cold. 

Isonitrosoacetone  semicarbazone  (0Hj*C(  =  N*NH-0O'NH2)*0H«=NOH) 
was  prepared  and  gave  white  ctystals,  melting  at  219^-220^  0.  It  gave  Lieber- 
mann's nitroso-reaction,  and  was  insoluble  in  concentrated  sodium  hydroxide  and 
soluble  in  dilute  sodium  hydroxide.  When  heated  on  a  water-bath  with  acetic 
anhydride  acetylisonitrosoacetone  semicarbazone  was  obtained,  which  when 
recrystallised  from  glacial  acetic  acid  gave  cubic  crystals  melting  at  186^  0.  It 
dissolved  in  dilute  sodium  hydroxide,  and  when  reprecipitated  with  dilute*  sul- 
phuric acid  needle-shaped  crystals  melting  at  218^-219°^  0.  separated.  Hence  it 
was  reconverted  into  the  original  semicarbazone  by  elimination  of  the  acetyl 
group.  When  isonitrosoacetone  semicarbazone  was  treated  with  nitrogen  peroxide 
at  a  low  temperature  the  pseudonitrole  of  isonitrosoacetone  semicarbazone 
(CH30(  =  N-NHOO-NH,)-OH  =  NO-N02)  was  formed.  It  melted  at  168*»- 
164^  0.  with  sudden  decomposition  and  gave  Liebermann's  nitroso-  reaction.    It 
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was  soluble  in  dilate  Bodiam  hydroxide,  giving  a  yellow  solution  whidi  was 
decomposed  by  dilute  sulphuric  add  with  evolution  of  nitrogen  and  oxides  of 
nitrogen. 

When  isonitrosoacetone  (CH3CO  •  CH  =  NOH)  in  absolute-ether  solution  was 
acted  on  by  nitrogen  peroxide  at  a  low  temperature  and  the  residue  left  on  erapora- 
tion  of  the  ether  heated  with  benzene  red  fumes  were  evolved  and  diacetylgly- 
oxime  hyperoxide 

CH5C0C  =  N0 


L, 


CH,CO-C-NO 

was  produced  as  a  yellow  oil.  On  treating  this  with  phenylhydrazine  the 
moDohydrazone 

CH,-  C( - N  •  NHC.H,)-  C  -NO 

I         I 
CH3-C0-C  =  X0 

was  obtained  in  the  form  of  yellow  rhombic  plates,  melting  at  161^-162^  C. 
When  the  monohydrazone  was  heated  with  phenylhydrazine,  or  when  the  oil  was 
treated  with  excess  of  phenylhydrazine,  pale  yellow  rhombic  plates  of  the 
dihydrazone 

CH,-  C(  =  N  •  NH  •  C«H,)-  C  =  NO 

CH,C(  =  N  •  NH  •  C,H,)-  C  =  NO 
were  formed,  which  melted  at  176**  C. 


7.  Further  InvestigcUion  on  the  ApproxinuUe  Estimation  cf  Minute  Quan- 
tities of  Arsenic  in  Food.     By  William  Thomson,  FLC,  F.B.S,B. 

The  author  finds  the  use  of  copper  foil  for  wrapping  around  the  portion  of  the 
tube  to  be  heated  (in  the  Marsh-Berzelius  test),  which  modification  was  recom- 
mended by  the  Joint  Committee  of  the  Society  of  Chemical  Industry  and  the 
Society  of  Public  Analysts,  to  be  disad^Tintageous,  more  distinct  mirrors  beinir 
obtained  by  heating  the  naked  glass  tube.  •''^**^ 

Although  arsemuretted  hydrogen  is  said  to  be  decomposed  at  a  temperature  of 
200®  C,  the  author  made  experiments  by  heating  the  tube  through  which  the  gas 
from  the  Marsh-Berzelius  apparatus  was  passing  to  393°  C,  but  got  no  trace  of 
a  mirror. 

The  best  results  were  obtained  by  heating  the  tube  to  the  highest  temperature 
possible,  and  cooling  the  portion  of  the  tube  on  which  it  wasdesired  to  deposit 
the  mirror  with  a  stream  of  cold  water.  This  was  best  accomplished  by  folding 
over  the  thin  part  of  the  tube  a  single  fold  of  tissue-paper  to  direct  accurately  the 
fltream  of  water  over  the  portion  of  the  tube  on  which  it  is  desired  to  deposit  the 
arsenic.  This  point  is  most  readily  found  by  the  aid  of  a  long  wire,  thinner  at 
one  end  than  the  other  :  the  drawn-out  portion  of  the  tube  is  slightly  conical  the 
thicker  end  of  the  wire  is  inserted,  and  at  this  point  the  tissue-paper  is  adjusted. 
The  thinner  end  of  the  wire  becomes  arrested  when  pu£^ed  in  about  a  quarter  of 
an  inch  beyond  the  part  at  which  the  thicker  end  was  arrested,  so  that  the  mirrors 
are  all  deposited  on  exactly  the  same  internal  diameter  of  tube.  By  this  cooling 
process  only  one  mirror  is  formed,  leaving  a  brown  metallic  appearance.  When 
the  tube  is  not  thus  cooled  two  or  more  deposits  of  arsenic  frequently  take  place 
the  first  having  a  metallic  appearance  and  the  other  being  black.  ' 

It  has  been  suggested  that  this  behaviour  is  due  to  the  presence  of  a  trace  of 
oxygen  in  the  hydrogen ;  but  it  is  probable  that  the  black  deposit  is  caused  by  the 
excessive  amount  of  heat  produced  by  the  combustion  of  these  two  gases  evapo- 
rating the  brown  metallic  mirror,  which  at  first  forms  and  again  becomes  deposited 
as  a  black  powder  further  on  in  the  tube.  ^ 
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If  the  metallic  mirror  be  gently  heated  bj  waving  the  Bansen  flame  over  it  in 
a  current  of  hydrogen,  it  evaporates,  and  again  deposits  as  a  black  powder.  In 
this  form  it  is  not  so  easily  compared  with  other  deposits  as  the  brown  metallic 
form.  These  deposits,  and  more  especially  those  in  tbe  form  of  black  powder,  fade 
when  exposed  to  the  light.  The  fading  is  most  marked  when  the  deposits  are 
exposed  m  atmospheres  of  oxygen  or  nitrogen,  and  least  in  hydrogen  and  carbon 
dioxide. 

The  process  as  described  (after  destroying  all  organic  matter  with  nitric  and 
eulpharic  acids)  will  show  a  distinct  mirror  with  ^j}^  of  a  grain  per  gallon,  and 
the  half  of  this  can  be  distinctly  detected. 

The  Marsh-Berzelius  test  is  much  more  delicate  than  the  electrolytic  method 
recently  devised  by  the  Select  Committee  appointed  by  the  Government.  The 
platinum  kathode  will  not  ^ve  a  mirror  with  a  smaller  amount  than  -^^jj  of  a 
grain  per  gallon  when  working  on  60  ccs.  of  liquid ;  if  a  pure  zinc  kathode  be 
used  much  greater  delicacy  can  be  attained,  but  even  thb  is  not  equal  in  delicacy 
to  the  ordinary  Marsh-Berzelius  process. 


8.  Report  of  the  Committee  on  the  Study  of  Hydro-Aromatic  Substances. 
See  Reports,  p.  179. 


9.  Eeport  of  the  Committee  on  Wave-length  Tables  of  the  Spectra  of  the 
Elements  and  Compounds, — See  Reports,  p.  87. 


10.  Experiments  and  Observations  with  Radium  Compounds. 
By  William  Ackboyd,  F.I.C, 

The  telluric  distribution  figure  for  radium  is  '0003  when  gold  -  1.^  The 
effects  produced  by  rays  from  ladium  compounds  simulate  those  of  sensible  heat 
in  a  very  remarkable  manner. 

Phosphorescence, — ^Attention  was  early  paid  to  diathermanoos  common  salt, 
NaCl,  under  the  influence  of  radium  rays.  This  body  was  found  to  become  in  a 
few  hours  remarkably  phosphorescent,  and  the  phosphorescence  lasts  for  hours 
after  the  removal  of  the  exciting  cause.^  Slides  of  the  photographic  results  are 
shown  of— 

1.  A  radium  bromide  tube  alone  containing  5  milligrams  of  the  pure  sub- 
stance.   Exposure,  two  minutes. 

2.  A  radium  bromide  tube  plus  the  sodium  chloride  in  which  it  is  imbedded. 
Exposure,  two  minutes. 

8.  Sodium  chloride  alone  after  action  of  radium  rays.  Exposure,  thirty 
minutes. 

The  table  salt  experimented  with  was  of  slightly  alkaline  reaction  to  red 
litmus  with  traces  of  Uie  usual  impurities.  The  compound  was  therefore  prepared 
(1)  by  precipitation  from  its  solution  with  hydrochloric  acid  gas  and  (2)  by  the 
neutrahsatioo  of  caustic  soda  solution  with  hydrochloric  acid.  In  each  case  the 
sodium  chloride  became  phosphorescent  under  the  radium  rays.  The  chloride 
with  a  trace  of  moisture  in  it  gave  better  results  than  salt  kept  carefully  dry  in 
a  desiccator  after  ignition.  Salt  moistened  with  hydrochloric  acid  solution,  a 
little  over  normal  strength,  also  exhibited  jphosphorescence. 

Phipson  in  his  '  Phosphorescence,*  p.  ^0,  says  common  salt  is  phosphorescent 
only  at  a  temperature  of  about  200®  0.,  and  Sir  D.  Brewster  observed  phospho- 
rescence when  a  solution  of  common  salt  was  poured  into  a  cup  of  heated  iron.' 

»  B.A.  Bej>ort,  1902,  p.  581.  «  Nature,  July  23, 1903. 

*  BlackUi  Pop,  Bhicy,  xi.  p.  49. 
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Lithium  chloride  prepared  from  the  carbonate,  and  then  fused  and  groond  up 
into  a  fine  powder,  exhibited  phosphorescence;  when,  however,  the  trace  of 
moisture  present  became  excessive  it  ceased  to  phosphoresce. 

Colour  Change, — Sodium  chloride  is  changed  in  a  few  hours  to  an  orange  or 
buff  colour ;  the  freshly  ignited  substance  turns  somewhat  pinker  in  tint.  Litniora 
chloride  is  not  changea  under  the  same  circumstances.  The  absence  of  change  ia 
the  lithium  chloride  and  the  change  of  colour  of  the  sodium  chloride,  and  also 
the  order  of  the  change  in  sodium  chloride,  are  all  colour  facts  of  the  same 
character  as  those  which  the  author  has  grouped  under  the  term  '  metachromatasm,* 
where  inorganic  bodies  are  changed  in  colour  in  the  order  of  the  metachromatic 
scale  under  the  influence  of  sensible  heat,  and  where  tiie  tendency  to  this  change 
is  least  evident  in  the  lightest  members  of  a  comparable  group.  ^  Bicarbonate  of 
soda  is  changed  to  a  light  violet  tint  in  twenty-four  hours.  This  has  direct 
bearing  on  the  now  well-Known  change  of  soda  glass  which  was  first  observed  by 
the  Ouries,  but  which  the  French  observers  usually  attribute  to  the  presence  of  a 
trace  of  manganese. 

Emission  of  Heat, — An  experiment  has  been  devised  in  which  the  usual  con- 
ditions of  observation  are  reversed.  A  radium  bromide  tube  is  inclosed  in  a 
cylinder  of  filter  paper  which  has  been  painted  with  one  of  MenseFs  sensitive 
colour-changing  salts.  It  was  argued  that  in  a  medium  of  gradually  rising 
temperature  the  heat  from  the  radium  compound  within  plus  the  heat  from 
without  would  cause  the  transition  colour  change  of  the  paper  to  be  observed 
earlier  in  those  parts  in  contact  with  the  radium  salt  than  in  those  not  in  contact. 
The  result  looked  for  was  not  observed.  It  was  in  several  repetitions  of  this 
experiment  that  the  fact  was  ascertained  that  a  mixture  of  barium  chloride  and 
raaium  chloride  placed  in  a  moist  atmosphere  loses  its  remarkable  properties  of 
phosphorescing  and  of  exciting  phosphorescence  in  barium  platinocyanide.'  These 
facts  appear  to  the  author  to  be  opposed  to  the  doctrines  of  the  electronists  and  to 
support  the  hypothesis  that  one  of  the  sources  of  the  eneigy  of  radium  com- 
pounds is  obscure  heat  coming  from  surrounding  bodies. 

*  Chem,  Nens^  xxxiv.  p.  76 ;  Phil.  Mag.^  Dec.  1876 ;  Ckem.  News,  Ixvii.  pp.  27 
and  64. 

*  Compare  F.  W.  Branson,  Nature,  July  30,  p.  802. 
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Sbotion  C— geology. 
Fbbsidxnt  of  the  Section— Professor  W,  W.  Watts,  M.Sc,  Skc.G.S. 


THURSDAY,  SEPTEMBER  10. 

The  Presideiit  delivered  the  following  Address : — 

These  are  two  circamstances  which  inyest  the  fact  of  my  presidency  of  the 
Section  this  year  with  peculiar  pleasure  to  myself.  The  first  public  lecture  I  ever 
gave  was  in  the  Town  Hall  at  Birkdale  in  1882,  and  the  firot  of  the  fifteen 
meetings  of  the  British  Association  which  I  have  attended  was  that  held  in 
Southport  in  1883. 

There  is  still  a  third  reason,  that  this  meeUng  is  in  many  respects  a  geological 
meeting.  A  palaeobotanist  is  presiding  oyer  Section  £,  and  the  Council  has 
invited,  for  the  first  time  for  many  years,  one  geolonst  to  deliver  an  evening  dis- 
course and  another  to  give  the  address  to  artisans.  I  need  hardly  say  that  we  are 
all  looking  forward  to  the  lectures  of  Dr.  Howe  and  Dr.  Flett  with  keen  anticipa- 
tion. To  the  one  for  his  successful  use  of  new  methods  of  developing  fossils  and 
his  scientific  employment  of  the  material  thus  prepared  in  stratigraphic  research ; 
to  the  oUier  for  his  prompt,  daring,  and  husineselike  expedition  to  the  scene  of 
recent  volcanic  activity  in  the  West  Indies,  during  which  he  and  his  colleague, 
Dr.  Tempest  Anderson,  collected  so  many  important  facts  and  brought  away  so 
much  new  Imowledge  of  the  mechanism  oi  that  disastrous  and  exceptional  yolcanic 
outbreak. 

The  FuncUans  of  Geology  in  Education  and  in  Practiced  Life. 

At  the  meeting  in  1890,  at  Leeds,  my  old  friend  Fh>fes8or  A.  H.  Green  de- 
livered an  address  to  the  Section  which  has  generally  been  regarded  as  expressing 
an  opinion  adverse  to  the  use  of  the  Science  of  Geology  as  an  educational  agent. 
Some  of  the  expressions  used  by  him,  if  tnkea  alone,  certainly  seem  to  bear  out 
this  interpretation.  For  instance,  he  says : '  Geologists  are  in  danger  of  becoming 
loose  reasoners ' ;  further  he  says :  '  I  cannot  shut  my  eyes  to  the  fact  that  when 
Geology  is  to  be  used  as  a  means  of  education  there  are  certain  attendant  risks 
that  need  to  be  carefully  and  watchfully  guarded  against.*  Then  he  adds :  '  Infer- 
ences based  on  such  incomplete  and  shaky  foundations  must  necessarily  be  largely 
hypothetical' 

Such  expressions,  falling  from  an  accomplished  mathematudan  and  one  who 
was  such  an  eminent  field  geologiBt  as  Professor  Green,  the  author  of  some  of  the 
most  trustworthy  and  most  useful  of  the  Geological  Survey  Memoirs,  and  above  all 
one  of  the  clearest  of  our  teachers  and  the  writer  of  the  best  and  most  eminently 
practical  text-book  on  Physical  Geology  in  this  or  any  other  language,  naturally 
exercised  great  influence  on  contemporary  thought.  And  I  should  be  as  unwise  as 
I  am  certainly  rash  in  endeavouring  to  controvert  them  but  for  the  fact  that 
J  think  he  only  half  believed  his  own  words,    He  remarks  that  *  to  be  forewarned 
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is  a  proverbial  safeguard^  and  those  who  aie  alive  to  a  danger  will  cast  mboot  for 
a  means  of  guarding  against  it.  And  there  are  many  ways  of  nentraUsiiig  what- 
ever there  may  he  potentially  harmful  in  the  use  of  Geology  for  educational  ends.' 

After  thus  himself  answering  what  is  in  reality  his  main  indictment,  'Pro&eBoir 
Green  proceeds  with  the  rest  of  an  address  crammed  full  of  such  valoahle  hints  u 
could  only  fall  from  an  experienced  and  practical  teacher,  showing  how  mmtk 
could  be  done  if  the  science  were  only  properly  taught. 

And  then  he  concludes  by  asking  for  ^  Chat  kindlv  and  genial  criticism  wiA 
which  the  brotherhood  of  the  hammer  are  wont  to  welcome  attempts  to  strengths 
the  comer-stones  and  widen  the  domain  of  the  science  we  love  so  welL' 

I  think  the  time  has  now  come  to  speak  with  greater  confidence :  and,  alUioogb 
the  distance  signal  stands  at  danger,  to  forge  ahead  slowly  but  surely,  keeping  oar 
eyes  open  for  all  the  risks  of  the  road,  with  one  hand  on  the  brakes  and  the  other 
on  the  driving  gear,  secure  at  least  in  the  confidence  that  Nature,  unlike  maih 
never  switches  a  down  train  on  to  the  up  track. 

Accessibility  cmd  Interest, 

Those  of  us  who  have  been  teaching  our  science  for  any  considerable  time 
have  come  to  realise  that  there  are  many  reasons  why  G^logy  should  be  more 
widely  taught  than  at  present ;  that  there  are  many  types  of  mind  to  whom  thii 
science  appeals  as  no  other  does;  and  that  there  are  abimdant  places  and 
frequent  circumstances  which  allow  of  the  teaching  of  it  when  other  sdenoes  an 
unsuitable. 

To  begin  with,  there  is  no  science  in  which  the  materials  for  elementaiy 
teaching  are  so  common,  so  cheap,  and  everywhere  so  accessible.  Nor  ia  thoe 
any  science  which  touches  so  quickly  the  earuest  and  most  elementuy  interests. 
It  was  for  this  reason  that  Huxley  built  his  new  science  of  Physiography  ob 
a  geological  basis.  Hills,  plains,  valleys,  crags,  quarries,  cuttings,  are  attraetiTe 
to  every  boy  and  girl,  and  always  rouse  intelligent  curiosity  and  nrequent  inquiry; 
and  although  the  questions  asked  are  difficult  to  answer  in  full,  a  keen  teacher 
can  soon  set  his  chDdren  to  hunt  for  fossils  or  structures  which  will  give  them  part 
of  the  information  they  seek.  Of  course  the  teaching  cannot  go  venr  fu  without 
simple  laboratory  and  museum  accommodation,  and  without  a  small  expenditure 
on  maps  and  sections :  but  the  former  of  these  re<}uirements  can  soon  be  sopi^ied 
from  the  chemical  laboratory  and  by  the  collection  of  the  students  themwlTeB, 
while  the  latter  are  every  day  becoming  cheaj^  and  more  accessible  and  nsefuL 
The  bicycle  and  the  camera,  too,  are  providing  new  teaching  material  and 
methods,  while  at  the  same  time  they  are  giving  new  interests.  The  bicycle  has 
already  begun  to  create  a  generation  to  whom  relief  maps  are  not  an  altogether 
sealed  book,  and  for  whom  the  laws  which  govern  the  relief  of  a  country  are 
rapidly  findinjg  practical  utility ;  and  the  camera,  at  the  same  time  that  it  qnittens 
the  appreciation  of  natural  beauty,  must  give  new  interest  to  each  scrap  of  know- 
ledge as  to  the  causes,  whether  botanical  or  geological,  to  which  that  beauty  is 
due.  And  it  is  this  new  knowledge  which  in  turn  develops  the  SBsthetic  sense. 
Mente,  manu,  et  malleo  sums  up  most  of  what  is  required  m  the  early  stages  of 
learning ;  but  to  round  off  the  motto  we  still  require  words  to  express  the  camera 
and  bicycle. 

Field-ioork. 

Another  reason  is  the  open-aimess  of  the  practice  of  the  sdence.  The  delight 
of  the  open  coimtry  comes  with  intense  relief  after  the  classroom,  the  laboratoiy, 
or  the  workshop.  In  education  generallv,  and  especially  in  geological  education, 
we  have  reached  the  end  of  the  period  when 

'  all  roads  lead  to  Borne 
Or  books — ^the  refuge  of  the  destitute.' 

Of  course  I  realise  fully  the  vital  necessity  of  laboratory  and  museum  work  in  the 
stages  of  both  lewming  and  investigation,  and  quite  freely  admit  that  (hete  is  aa 


Digitized  by  CjOOQIC 


TBANSACnONS  OF  SECTION  C.  643 

immense  smount  of  useful  work  being  done  and  to  be  done  in  these  institutions 
alone.  But  what  I  think  I  do  right  to  insist  upon  is  that  all  work  in  the  laboratory 
and  museum  must  be  mainly  preparatory  to  the  field-work  which  is  to  follow ; 
every  type  of  geological  student  must  be  sent  into  the  field  sooner  or  later,  and  in 
most  cases  the  sooner  the  better.  I  have  generally  found  that  students  in  the 
early  stages  have  a  great  repugnance  to  the  grind  of  working  through  countless 
varieties  of  minerals,  rocks, and  fossils;  but  once  they  have  gone  into  the  field, 
collected  with  their  own  hands,  and  seen  the  importance  of  these  things,  and  the 
inferences  to  be  drawn  from  them,  for  themselves — once  indeed  they  have  got 
Iceen — they  come  back  willingly,  even  eagerly,  to  any  amount  of  hard  indoor  work. 

But  it  is  when  they  leave  ordinary  excursion  work  and  start  upon  regular 
field  training  that  one  really  feels  them  spurt  forward.  As  soon  as  they  begin  to 
realise  that  surface-features  are  only  the  reflex  of  rock-structure  and  Can  be 
utilised  for  mapping,  that  to  check  their  lines  and  initiate  new  ones  they  must 
search  for  and  find  new  exposures,  and  that  each  observation  while  settling 
perhaps  one  disputed  point  may  originate  a  host  of  new  ones,  when  above  all  they 
can  be  trustea  with  a  certain  amount  of  individual  responsibility  and  given 
a  definite  point  to  settle  for  themselves,  it  is  then  that  their  progress  is  most  rapid, 
and  is  bounded  only  by  their  powers  of  endurance. 

I  have  often  watched  my  students  through  the  various  stages  of  their  field 
training  with  the  deepest  interest  as  a  study  of  the  development  of  character.  At 
first  they  look  upon  it  merely  as  a  relief  from  the  tedium  of  the  classroom  and 
laboratory,  and  as  a  pleasant  country  excursion.  But  gradually  the  fascination  of 
research  comes  over  them,  and  as  they  feel  their  capacity  increasing  and  their  grip 
and  insight  into  the  structure  of  the  country  deepening,  one  can  see  them  growing 
up  under  one's  eyes.  They  come  into  the  field  a  rabble  of  larky  boys ;  they  begin 
to  develop  into  men  before  they  leave  it. 

And  what  is  true  of  students  is  more  than  ever  true  of  the  working  geologist. 
J  hold  that  every  (reologist,  whatever  his  special  branch  may  be,  should  spend  a 
portion  of  every  year  in  the  field.  Though  a  petrologist  may  have  specimens  sent 
to  bim  from  every  variety,  even  the  common  ones,  in  a  rock  mass,  and  have  their 
relations  and  proportions  properly  explained  to  him,  it  is  quite  impossible  for  him 
to  feel  and  appreciate  these  proportions  and  relationships  so  well  as  if  he  had 
studied  and  collected  in  the  field  and  gained  a  personal  interest  in  them.  Besides 
this  the  condusions  drawn  in  the  field  are  the  crystalline  and  washed  residuum,  so 
to  speak,  left  on  the  mind  after  the  handling  of  dozens  of  specimens,  weathered 
and  unweathered,  and  the  seeing  them  in  a  host  of  difierent  lights  and  aspects. 
The  rock  is  hammered  and  puzzled  over  and  its  relations  studied  until  some  con- 
clusion is  arrived  at  which  bears  the  test  of  application  to  all  the  facts  observed  in 
the  field. 

Again,  once  a  palseontologist  is  divorced  from  the  field  he  loses  the  significance 
of  minute  time  variations,  the  proportion  of  aberrant  to  normal  forms,  and  the 
value  of  naked-eye  characteristics  which  can  be  '  spotted '  in  the  field.  Huxley 
once  asked  for  a  paleontologist  who  was  no  geologist ;  I  venture  to  think  we 
have  now  had  enough  of  them.  What  we  want  above  all  at  the  present  time  is 
the  recognition  of  such  characters  as  have  enabled  our  field  palaeontologists  to 
zone  by  means  of  the  graptolites,  the  ammonites,  and  the  echinids,  so  that 
every  rock  system  we  possess  may  be  subdivided  with  the  same  minuteness  and 
exactitude  as  the  Ordovician,  Silurian,  and  Jurassic  systems,  and  the  Chalk. 

If  this  is  once  done  the  biological  results  will  take  care  of  themselves,  and  we 
may  feel  perfect  confidence  that  new  laws  of  biological  succession  and  evolution 
will  result  from  such  work,  as  indeed  they  are  now  doing — laws  which  could  never 
be  reached  from  first  principles,  but  could  only  come  out  in  the  hands  of  those  to 
whom  time  and  place  were  the  factors  by  which  they  were  most  impressed.  It  is 
only  by  field  work  that  we  shall  ever  get  rid  of  the  confusion  which  has  been 
inevitable  from  the  supposed  existence  of  such  so-called  species  as  Orthia  cali- 
gramma,  Atrypa  reticularis^  and  Productus  git/antevs. 

As  for  the  geological  results,  it  is  only  necessary  to  read  the  excellent  and 
workmanlike  Address  delivered  to  this  Section  at  Liverpool  in  1896  by  ,Mr.  Man, 
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to  realise  how  many  problems  of  socceaBioD  and  atmetnrey  of  diatribadoa  and 
caoaation,  of  ancient  geography  and  modem  landscape,  are  still  awaiting  solation 
by  the  application  of  minute  and  exact  zonal  researches. 

On  the  other  hand  it  goes  without  saying  that  the  more  a  field  geologist  knows 
of  his  rocks  and  fossils  the  better  will  his  stratigraphical  work  become ;  but  this  is 
too  obvious  to  require  more  than  stating. 

Becre€Uion. 

Geology,  again,  is  of  value  as  a  recreative  science,  one  which  can  be  enjoyed 
when  cycling,  walking,  or  climbing,  even  when  sailing  or  travelling  by  rail. 
Indeed  it  is  difficult  to  find  a  place  in  which  to  treat  the  confirmed  geologist  if 
you  wish  to  make  him  a  '  total  abstainer.'  There  are  others  than  those  who  must 
make  use  of  their  science  in  their  professions ;  those  in  need  of  a  hobby,  those 
interested  in  natural  scenery,  veterans  who  have  seen  much  and  now  have  leisure 
and  means  to  see  more,  and  those  fortunate  ones  who  have  not  to  earn  their 
bread  by  the  sweat  of  their  brain  or  brow.  Many  of  these  have  done  and  are 
doing  good  work  for  us,  and  many  more  would  find  real  pleasure  in  doing  so  if 
only  they  had  been  inoculated  in  those  early  days  when  impressions  sink  deep. 
Mr.  A.  S.  Reid,  who  has  bad  much  and  fruitful  experience  in  teaching,  tells  me 
that  he  has  often  seen  seed  planted  in  barren  ground  at  school  spring  up  and  grow 
and  blossom  as  a  country- holiday  recreation  after  schooldays,  or  bear  the  good 
fruit  of  solid  research  after  lying  dormant  for  many  years. 

Observalion, 

We  may  next  look  upon  Geology  as  an  educational  medium  from  quite  a 
difierent  point  of  view.  If  more  than  half  the  work  of  the  man  of  science  is  the 
collection  of  fact,  and  of  actual  fact  as  opposed  to  the  result  of  the  personal  equa- 
tion, Geology  is  perhaps  the  very  best  training-ground.  There  are  such  hosts  <^ 
facts  to  be  still  recorded,  so  many  erroneous  observations  to  be  corrected,  and  so 
much  hope  of  extending  observations  on  already  recorded  facts,  that  there  is 
plenty  of  work  even  for  the  man  who  can  snatch  but  limited  leisure  from  other 
pursuits  and  the  one  who  b  a  collector  of  fact  and  nothing  else,  as  well  as  those 

'  under  whoso  command 

*  Is  Earth  and  Earth's,  nnd  in  their  hand 

*  Is  Nature  like  an  open  book.' 


But  in  the  collection  of  facts  a  wise  and  careful  selection  is  constantly  i 
in  order  to  pick  out  from  the  multitude  those  which  are  of  exceptional  value  ani 
importance  in  the  construction  of  hypotheses.  Nature,  it  is  true,  cannot  lie ;  bat 
she  is  an  expert  witness,  and  it  takes  an  astonishing  amount  of  acute  croas-examina* 
tion  to  elicit  the  truth,  the  whole  truth,  and  nothing  but  the  truth. 

There  is  no  science  which  needs  such  a  varietyof  observations  as  Field  Qeology. 
When  we  remember  that  Sedgwick  and  Darwin  visited  Cwm  Glas  and  carried 
away  no  recollection  of  the  features  which  now  shout '  gladation  *  to  everyone 
who  enters  the  Cwm,  it  is  easy  to  see  how  alert  must  be  the  eyes  and  how  agile 
the  mind  of  the  man  who  has  to  carry  a  dozen  problems  in  his  mind  at  once,  and 
must  be  on  the  look-out  for  evidence  with  regard  to  all  of  them  if  he  would  woik 
out  the  structure  of  a  difficult  country ;  and  who  is  not  only  looking  out  for  facta  to 
test  his  own  hypothesis,  but  wishes  to  observe  so  accurately  that  if  his  hypothesis 
gives  way  even  at  the  eleventh  hour  his  facts  are  ready  to  suggest  and  teat  its 
successor.  There  is  no  class  of  men  so  well  up  in  what  may  he  called  observa- 
tional natural  history  generally  as  the  practised  field  geologist,  because  he  never 
Imows  at  what  moment  some  chance  observation — a  mound,  a  spring,  a  flower,  a 
feature,  even  a  rabbit-hole  or  a  shadow — may  be  of  service  to  him.  Not  only 
should  he  know  his  country  in  its  every  feature  and  every  aspect,  but  he  muM 
have,  and  in  most  cases  soon  acquires,  that  remarkable  instinct,  which  can  only  be 
denoted  as  an  '  eye  for  a  country,'  with  which  generally  goes  a  naturalist^s  know^ 
ledge  of  its  plants  and  of  its  birds,  beasts,  and  fishes. 
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Hxperiment. 

At  the  present  time  many  educationists  are  in  favour  of  teacbing  only  tlie 
experimental  sciences  to  the  exclusion  of  those  which  collect  their  facts  by  obser- 
vation. This  attitude  may  do  some  good  to  Geology  in  compelling  us  to  pay  more 
attention  to  that  side  of  our  science  which  has  been  better  cultivated  hitherto  in 
France  than  in  our  own  country.  But  whether  we  think  of  education  as  the 
equipping  of  a  scientific  man  for  his  future  career  or  as  the  training  of  the  mind  to 
encounter  the  problems  of  life,  we  must  admit  that  it  would  be  as  wrong  to  ignore 
one  of  the  only  two  ways  of  collecting  fact  as  it  would  be  to  teach  deductive 
reasoning  to  the  exclusion  of  that  by  induction.  Indeed  this  is  understating  the 
case,  for  in  the  vast  majority  of  the  problems  which  confront  us  in  everyday  life 
the  solution  can  onlv  be  reached  if  an  accurate  grasp  of  the  facts  can  be  obtained 
from  observation.  The  training  of  the  mind  solely  by  means  of  experiments  care- 
fully de8ifi;Tied  to  eliminate  all  confusing  and  collateral  elements  savours  too  much 
of  *  milk  K)r  babes '  and  too  little  of '  strong  meat  for  men.' 

Theory. 

Mr.  Teall  in  his  masterly  Address  to  the  Geological  Society  in  1001  pointed  out 
*  that  the  state  of  advancement  of  a  science  must  be  measured,  not  by  the  number 
of  factH  collected,  but  by  the  number  of  facts  coordinated,*  Theory,  consistent, 
comprehensive,  tested,  verified,  is  the  life-blood  of  our  science  as  of  every  other.  It 
is  what  history  is  to  politics,  what  morab  are  to  manners,  and  what  faith  is  to 
religion. 

It  is  almost  impossible  to  collect  facts  at  all  without  carrying  a  working 
hypothesis  to  string  them  on.  It  is  easy  to  follow  Darwin's  advice  and  speculate 
freely ;  the  speculation  may  be  right,  and  if  wrong  it  will  be  weeded  out  by  new 
facts  and  criticism,  while  the  speculative  instinct  will  suggest  others.  In  hypo- 
thesis there  will  always  be  an  ultimate  survival  of  the  fittest. 

And  it  is  not  only  easy  but  absolutely  necessary,  because  in  Geology,  more 
perhap  than  in  any  other  science,  hypotheses  are  like  steps  in  a  staircase :  each  one 
must  be  mounted  before  the  next  one  can  be  reached  ;  and  if  you  have  no  intention 
of  coming  back  again  that  way,  it  does  not  matter  if  you  destroy  each  step  when 
you  have  made  use  of  it.  Every  new  hypothesis  has  something  fresh  to  teach, 
and  nearly  all  have  some  element  of  untruth  to  be  ultimately  eliminated.  But 
each  one  is  a  stage,  and  a  necessary  stage,  in  progress. 

In  physics  and  in  chemistry  the  chief  difiiculties  are  those  which  surround  the 
making  of  experiments.  When  these  have  been  successfully  overcome  the  right 
theory  follows  naturally,  and  verification  is  not  usually  a  very  lengthy  process.  In 
Geology,  on  the  other  hand,  theory  is  more  quickly  arrived  at  from  the  numerous 
facts ;  but  the  price  is  paid  in  the  patience  required  for  testing  and  the  ruthless 
refusal  to  strain  fact  to  fit  theory.  Every  hypothesis  leads  back  to  facts  again  and 
again  for  verification,  extension,  and  improvement. 

Principles, 

Many  of  the  leading  conclusions  of  our  science  have  not  yet  become  part  of  the 
common  stock  of  the  Knowledge  of  the  world ;  indeed  they  are  not  even  fully 
realised  by  many  men  eminent  in  their  own  sciences.  The  momentum  given  by 
VVemer  and  Playfair,  Phillips  and  Jukes,  Sedgwick,  Darwin,  and  Lyell,  and  other 
pioneers  of  the  fighting  science,  has  died  down,  and  in  the  interval  of  hard  work,  de- 
tailed observation,  minute  subdivision,  involved  classification,  and  pedantic  nomen- 
clature which  has  followed,  and  which  I  believe  to  be  only  the  prelude  to  an  epoch 
of  more  important  generalisation  in  the  immediate  future,  it  has  been  difficult  for 
an  outsider  to  see  the  wood  for  the  trees.  He  has  hardly  yet  realised  that  facts 
as  vital  to  the  social  and  economic  well-being  of  the  people  at  large,  and  conclusions 
of  as  great  importance  in  the  progress  of  the  science  and  of  as  mr-reaching  conse- 
quence in  the  allied  sciences,  are  Ming  wrung  from  Nature  now  as  in  the  past. 
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'The  unimaginable  touch  of  Time/  the  antiquity  of  the  globe  as  the  mbodeof 
life,  the  absolute  proof  of  the  evolution  of  life  given  by  fossils,  the  evidence  of  change 
and  evolution  in  geography  and  climate,  the  antiquity  of  man,  the  nat^ire  of  the 
earth's  interior,  tne  tremendous  cumulative  effect  of  small  causes,  the  definite 
position  of  deposits  of  economic  value,  the  role  pla^red  by  denudation  and  earth- 
movement  in  the  development  of  landscape,  the  view  of  the  earth  as  a  livinc 
organism  with  the  heyday  of  its  youth,  its  maturity,  and  its  future  old  age  and 
death,  to  mention  but  a  few  of  our  great  principles,  furnish  us  with  conceptiois 
which  cannot  fail  to  quicken  the  attention  and  inspire  the  thought  of  stud^ts  of 
history,  geography,  and  other  sciences. 

Now  that  these  things  are  capable  of  definite  proof,  that  they  are  of  real 
significance  in  the  cognate  sciences  and  of  actual  economic  value,  above  all  dov 
that  the  nineteenth  century,  the  geological  century,  has  closed,  that  the  heroic 
age  is  over,  that  we  have  passed  the  stages  of  scepticism  and  religious  intolerance, 
and  reached  the  stage  '  when  everybody  knew  it  before,'  it  might  be  expected  that 
a  fairly  accurate  knowledge  and  appreciation  of  these  principles  should  form  part 
of  the  common  stock  of  knowledge,  and  be  a  starting-point  in  the  teaching  of 
allied  sciences. 

Topography, 

Another  feature  which  adds  to  the  attractiveness  of  geological  observations  is 
their  immediate  usefulness  from  many  points  of  view.  The  relief  and  oatline  of 
any  area  is  as  closely  related  to  its  rocky  framework  as  the  form  of  a  human  h&Bg 
is  related  to  his  skeleton  and  muscles.  The  geological  surveyor  recognises  how 
every  rise  and  fall  is  the  direct  reflex  of  some  corresponding  difference  in  the  under- 
lying rocks ;  he  seeks  to  observe  and  explain  the  ordinary  as  well  as  anomalous 
ground-features,  every  one  of  which  conveys  some  meaning  to  him. 

A  geological  basis  for  the  classification  and  grouping  of  surface-features  is  the 
only  one  which  is  likely  to  be  satisfactory  in  the  ena,  because  it  is  the  only  oi» 
founded  on  a  definite  natural  principle,  the  relation  of  cause  to  effect.  It  is  not 
without  good  reason  that  the  topographic  and  geological  surveys  of  the  United 
States  are  combined  under  one  management,  and  nowhere  else  are  the  topographic 
results  more  accurate  and  satisfactory.  Landscape  is  traced  back  to  its  ultimate 
source,  and  conseauently  sketched  in  with  more  feeling  for  the  country  and  greater 
accuracy  of  knowledge  than  would  otherwise  be  possible.  Geologists  were  among 
the  first  to  cry  out  for  increasing  accuracy  and  detail  in  our  government  maps, 
and  they  have  consistently  made  the  utmost  use  of  the  best  of  these  maps  as  fast 
as  they  appeared.  With  the  publication  of  each  type  of  map,  hachured,  contoured, 
six-inch,  twenty-five  inch,  the  value  and  accuracy  of  gCK)logical  mapping  has 
advanced  step  by  step.  Wherever  the  topography  is  better  delineated  t^an  usual, 
the  facilities  are  greater  for  accurate  geological  work,  and  the  best  geological  maps 
and  those  in  greatest  demand,  are  always  those  based  on  the  most  minute  and 
detailed  topographic  work.  On  the  other  hand  geologists  are  training  up  a  class 
of  men  who  can  read  and  interpret  the  inner  meaning  of  these  maps,  and  make  the 
fullest  use  of  the  splendid  facilities  given  by  the  minute  accuracy  of  the  ordnance 
work. 

Lord  Roberts  has  recently  complained  that  the  cadets  at  Woolwich  are  unaUe 
to  read  and  interpret  maps,  and  he  '  strongly  advised  them  to  set  about  improving 
themselves  in  this  respect,  or  they  would  &id  themselves  heavily  handicapped  in 
the  future/  In  his  evidence  before  the  War  Commission  he  has  emphasised  the 
same  disability  among  stafi'  ofiicers.  I  believe  that  the  only  training  in  this  subject 
before  entering  the  Royal  Military  Academy  and  the  Royal  Military  Coll^^  has 
been  that  given  to  those  candidates  who  have  taken  up  Geology  for  their  entrance 
examination.  By  encouraging  these  students  to  study  and  draw  maps  and  sections 
of  their  own  districts,  and  to  explain  and  draw  sections  across  geological  maps 
generally,  thus  accounting  for  surface-features,  the  examiners  have  compelled  this 
small  group  of  candidates  to  see  deeper  into  a  map  than  ordinary  people.  If  only 
this  tmning  had  been  encouraged  and  advanced  and  made  use  of  later,  the  Con- 
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mtnder^n-Gluef  would  have  had  no  cause  of  complaint  -with  regard  to  these  par- 
ticular men.  Looking  at  a  map  is  one  thing ;  working  at  it,  seeing  into  it,  and 
getting  out  of  it  what  is  wanted  from  the  Tast  mass  of  mformation  crammed  into 
ity  is  quite  anchor ;  and  C^loffy  is  the  very  hest  and  perhaps  the  only  means  of 
compiling  such  a  dose  study  of  maps  as  to  enahle  students  to  seize  upon  the  salient 
features  of  a  country  from  a  man  as  quickly  and  accurately  as  if  the  country  itself 
were  spread  out  before  them.  The  geologist  is  compelled  to  work  out  and  clasdfy 
for  himself  the  features  he  observes  on  h^  maps,  such  as  scarps  and  terraces,  crags 
and  waterfalls,  streams  and  gorges,  passes  ana  ridges,  the  run  of  the  roads,  canak, 
and  railways,  the  nature  and  accessibility  of  the  coast,  and  all  those  features  which 
make  the  dijQTerence  between  easy-f^ing  and  a  difficult  country.  When  he  has 
worked  his  way  oyer  a  map  in  this  fashion  that  map  becomes  to  him  a  real  and 
telling  picture  of  the  country  itself. 

Experience,  bitter  experience,  in  South  Africa  has  shown  the  necessity  not  only 
for  good  maps  and  map-reading,  but  for  that  which  is  the  most  priceless  posses- 
sion alike  of  die  best  stratigraphers  and  of  the  best  strategists,  a  good  *  eye  for  a 
country.'  It  has  been  said  that  the  Boer  war  was  a  geo^phical  war ;  but  it  was 
even  more,  and,  especially  in  its  later  stages,  a  topographic  war.  Again  and  andn 
the  Boers  aroused  our  astonishment  and  admiration  oy  the  way  in  which  their 
topographic  knowledge  and  instinct  enabled  them  to  fight,  to  defend  themselves, 
and  to  secure  their  retreat,  by  the  most  consummate  ability  in  utilising  the  natural 
features  of  their  coimtry.  This  was  due  to  two  things.  In  the  first  place  they 
took  care  to  have  with  them  in  each  ^art  of  the  country  the  men  who  knew  that 
particular  district  best  in  every  detail  and  in  every  aspect.  But  in  the  second 
place  there  can  be  no  doubt  that  they  made  the  utmost  use  of  that  hunter-craft  by 
which  the  majority  of  them  could  take  in  at  a  glance  the  character  of  a  country, 
even  a  new  one,  as  a  whole,  guided  by  certain  unconscious  principles  which  each 
man  absorbed  as  part  of  his  country  life  and  hunter's  training.  They  possessed, 
and  had  of  necessity  cultivated  to  a  very  high  degree,  an  *  eye  for  a  country.' 

Now  the  study  of  the  geology  of  any  district,  and  especially  the  geological 
mapping  of  it,  goes  a  long  way  towards  giving  and  educating  the  very  kind  or  eye 
for  a  country  which  is  required,  partly  by  reason  of  the  practice  in  observation 
and  interpretation  which  it  is  continuously  giving,  and  partly  because  it  delibe- 
rately supplies  the  very  kinds  of  classification  and  the  pnnciples  of  form  which  a 
hunter-people  have  unconsciously  built  up  from  their  outdoor  experience. 

Any  geologist  who  thinks  of  the  Weald,  the  wolds  and  downs  of  Eastern 
England,  tlie  scarps  and  terraces  of  the  Pennine,  the  buried  moimtain  structure 
of  the  Midlands,  even  the  complicated  mountain  types  of  Lakeland  and  Wales, 
will  remember  how  often  his  general  knowledge  of  the  rock-structure  of  the  region 
has  helped  him  as  a  guide  to  the  topography ;  and  as  his  geological  knowledge  of 
the  area  has  increased  he  will  recall  now  easy  it  has  become  to  carry  the  most  com- 
plicated topography  in  his  mind,  or  to  revive  his  recollection  of  it  from  a  glance 
at  the  map,  because  the  geological  structure,  the  anatomy,  is  present  in  his  mind 
throughout  and  the  outside  form  is  the  inevitable  consequence  of  that  structure. 
Indeed  the  reading  of  a  good  geological  map  to  the  geologist  is  like  the  reading  of 
score  to  a  musician. 

Surely  it  woidd  be  most  imwise  if  the  Committee  on  Military  Education  were 
to  cut  out  of  their  curriculum  the  only  subject  which  has  exercised  and  educated 
this  faculty,  and  one  which  is  at  the  same  time  doing  a  great  deal  to  counteract  that 
degeneration  of  observing  faculties  inseparable  from  a  town  life.  Some  cadets  at 
least  ought  to  be  chosen  from  amongst  those  men  who  have  been  trained  by  this 
method  to  see  quickly  and  accurately  into  the  topographic  character  and  possibilities 
of  a  country,  and  provision  should  be  made  for  educating  their  faculties  further 
until  they  become  of  genuine  strategic  value. 

Then  I  believe  it  would  be  correct  to  say  that  no  class  of  men  get  to  know 
their  own  district  with  anything  like  the  minuteness  and  accuracy  of  tne  geological 
surveyor.  The  mere  topograpner  simply  tnmsfers  his  impressions  on  the  spot  as 
qniddy  as  may  be  to  paper,  and  has  no  further  concern  vnm  them.  The  geologist 
must  keep  them  stored  m  Ids  mind,  watching  the  variation  and  development  of 

Digitized  by  LjOOQIC 


648  REPORT— 1908, 

each  feature  from  point  to  point  for  his  own  purposes.  He  must  traverae  ev€ij 
inch  of  his  ground,  be  must  know  where  he  can  climb  each  mountain  and  fiicd 
every  brook^  where  there  are  quarries  or  roads,  springs  or  flats ;  wbat  can  be  seoi 
from  every  point  of  view,  how  the  habitability  or  habitations  vary  from  point  to 
point ;  in  short,  he  must  become  a  veritable  walking  map  of  his  own  district, 
why  not  scatter  such  men  in  every  quarter  of  tbe  globe,  particularly  where  anj 
trouble  is  likely  to  arise?  They  are  cheap  enough,  they  will  waste  no  time, and 
they  will  be  so  glad  of  the  chance  for  research  that  they  will  not  be  hard  to  8atiaf)r 
in  the  matter  of  pay  and  equipment.  Thus  you  will  acquire  a  corps  of  guida, 
ready  wherever  and  whenever  they  are  wanted ;  and  when  trouble  arisea  thej 
may  do  a  great  deal  by  means  of  their  minute  knowledge  of  topojfiaphy  to  san 
millions  of  money  and  thousands  of  lives,  and  to  prevent  the  irritating  recnrrraee 
of  the  land  of  disaster  with  which  we  have  become  sadly  familiar  within  the  last 
five  years. 

Geography, 

In  dealing  with  the  relationship  of  Geology  to  Geography  geolog-ists  are 
frequenUy  charged  with  claiming  too  much.  On  this  point  at  leaat,  however, 
there  can  be  no  difference  of  opinion,  that  the  majority  of  geological  surveyors  and 
unofficial  investigators  have  kept  their  eyes  open  to  this  relationship,  aind  haTe 
often  contributed  new  explanations  of  old  problems.  They  have  been  compelled  to 
observe,  and  often  to  explain,  surface-features  before  making  use  of  them  in  thar 
own  mapping,  and  in  doing  so  have  often  hit  upon  new  principles.  It  is  hardly 
needful  to  mention  such  examples  as  Hamsay's  great  conception  of  plains  of  marioe 
denudation,  Whitaker*s  convincing  memoir  on  sub-aerial  denudation,  J  ukes's  explana- 
tion of  the  laws  of  river  adjustment,  Gilbert's  scientific  essay  on  erodon,  Heim^s 
demonstration  of  the  share  taken  by  earth-movement  in  the  modelling  of  landacape 
features,  and  the  exceedingly  valuable  proofs  of  the  relation  of  human  settlement 
and  movement  to  underground  structure,  worked  out  with  such  skill  and  Hiligy^nf 
by  Topley  in  his  masterly  memoir  on  the  Weald— the  jumping-off  place,  if  I  may 
80  term  it,  of  the  new  geography. 

No  one  is  more  pleased  than  geologists  that  geographers  have  ceased  to  draw 
their  knowledge  of  causation  solely  from  history,  and  tnat  they  have  turned  their 
attention  to  the  dependence  and  reaction  of  mankind  on  nature  as  welL  But 
while  hoping  that  geographers  will  continue  to  study,  so  far  as  they  logically  can, 
the  relation3iip  of  plants,  animals,  and  mankind  to  the  solid  frainework  of  the 

globe  on  which  they  live,  we  must  draw  the  line  at  the  invention  of  new  geoloigical 
ypotheses-  to  explain  geographic  difficulties  on  no  better .  evidence  than  ihax 
furnished  by  the  difficiuties  themselves ;  on  the  other  hand,  we  must  insist  that 
each  new  geological  principle  must  take  its  place  among  geographic  ezplanatioitt 
as  soon  as  it  is  freely  admitted  to  be  based  on  a  sound  substratum  of  fact. 

I  must  confine  myself  to  a  few  instances  of  what  I  mean.  Mr.  Marr^s  geological 
work  on  the  origin  of  lake-basins  has  led  to  some  remarkable  and  unexpected  con- 
clusions with  regard  to  the  history  and  origin  of  the  drainage  of  the  Lake  district. 
Some  of  the  very  difficult  questions  raised  by  the  physical  geography  of  the  North 
Biding  of  Yorkshire  have  received  a  new  explanation  from  the  researches  of 
Professor  Kendall  and  Mr.  Dwerryhouse,  an  explanation  which  is  the  outcome  <^ 
purely  geological  methods  of  observation  of  geological  materials.  Again,  the  simple 
geological  interpretation  of  a  well-known  unconformity  between  Archaean  and 
Triassic  roc^s  has  made  it  extremely  probable  that  many  of  the  present  landscapes, 
not  only  in  the  Midlands  but  elsewhere,  may  be  reaUy  fossil  landscapes,  of  great 
antiquity  and  due  to  causes  quite  difierent  from  those  in  operation  there 
at  the  present  day.  In  mountain  regions,  too,  it  can  only  be  by  geological  ohsei^ 
vation  that  we  shall  ever  determine  what  has  been  the  precise  direct  share  of 
earth-movement  in  the  production  of  surface  relief.  Such  examples  seem  to  indi- 
cate that  many  of  the  principles  must  be  of  geological  origin  but  of  geographic 
application. 
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Economics, 

"While  Geology  haa  been  of  direct  scientific  utility  in  topography  and  geography 
there  is  another  domain,  that  of  Economic  Geology,  which  is  entirety  its  own.  The 
application  of  Geology  extends  to  every  industry  and  occupation  which  has  to  do 
with  our  connexion  with  the  earth  on  which  we  live.  Agriculture,  engineering, 
the  obtaining  of  the  useful  and  precious  metals,  chemical  substances,  building 
materials,  and  road  metals,  sanitary  science,  the  winning  and  working  of  coal,  iron, 
oil,  gas,  and  water,  all  these  and  many  more  pursuits  are  carried  on  the  better  if 
founded  on  a  knowledge  of  the  structure  of  tne  earth*8  crust.  Indeed  a  geological 
map  of  this  country,  showing  rocks,  solid  and  superficial,  of  which  no  economic 
use  could  be  made,  would  be  nearly  blank.  Yet  so  much  has  this  side  of  the 
science  been  neglected  of  recent  years  that  our  only  comprehensive  text-books  on 
it  are  altogether  out  of  date. 

But  in  teaching  Geology  as  a  technical  science,  or  rather  as  one  with  technolo- 
gical applications,  one  of  the  greatest  difficulties  before  us  is  to  steer  between  two 
opposing  schools,  the  so-called  theoretical  school  and  the  practical  school. 

There  are  those  who  say  that  there  is  but  one  geology,  the  theoretical,  and  that 
a  thorough  knowledge  of  this  must  be  obtained  by  all  those  who  intend  to  appl^ 
the  science.  Others  think  that  this  is  too  much  to  ask — that  the  time  available  is 
not  sufficient — and  that  it  is  only  necessary  to  teach  so  much  of  the  subject  as  is 
obyiously  germane  to  the  question  in  hand. 

The  best  course  appears  to  me  to  be  the  middle  one  between  the  two  extremes. 
If  the  engineer  or  miner,  the  water-finder  or  quarry  man,  has  no  knowledge  of 
jMrinciples,  but  only  of  such  facts  as  appear  to  be  required  in  the  present  posi- 
tion of  his  profession,  he  will  be  incapable  of  making  any  improvement  in  his 
methods  so  iblt  as  they  depend  upon  geology.  If,  on  the  other  hand,  he  is  a  purely 
theoretical  man  without  a  detailed  practical  and  working  acquaintance  with  the 
facts  which  specially  concern  him,  he  will  be  put  down  by  his  colleagues  as  un- 
practical ;  he  will  have  to  learn  the  facts  as  quickly  as  he  can  and  buy  his  experi- 
ence in  the  dearest  market. 

It  seems  to  me  that  there  is  certain  common  ground  which  must  be  acquired 
by  all  types  of  professional  men.  The  general  petrographic  character  of  the 
common  rocks,  enough  of  their  mode  of  origin  to  aid  the  memory,  the  principle  of 
order  and  age  in  the  stratified  rocks,  the  use  of  fossils  and  superposition  as  tests 
of  age,  the  nature  of  unconformities,  the  relation  of  structure  to  the  form  of  the 
ground,  the  occurrence  of  folds  and  faults,  and  above  all  the  reading  of  maps  and 
sections,  and  sufficient  field  work  to  give  confidence  in  the  representation  of 
facts  on  maj>s — these  things  are  required  by  everybody  who  makes  any  use  of 
geology  in  his  daily  life. 

But  when  so  much  has  been  acquired  it  should  be  possible  to  separate  out  the 
students  for  more  special  treatment.  The  coal-miner  will  require  e^)ecially  a  full 
knowledge  of  the  coal-bearing  systems,  not  in  our  own  islands  merely,  but  all  over 
the  world ;  a  special  acquaintance  with  the  effects  of  folds  and  faults,  and  an 
advanced  training  in  the  maps  and  sections  of  coal-bearing  areas.  The  vein-miner 
should  be  well  up  in  faulting  and  all  the  geometrical  problems  associated  with  it, 
and  he  should  have  an  exhaustive  acquaintance  with  the  vein  and  metalliferous 
minerals. 

The  water  engineer  needs  to  know  especially  well  the  porous  and  impervious 
rock  types,  the  texture  and  composition  of  these  rocks,  the  nature  of  their  cements 
and  joints,  and  the  distribution  of  water  levels  in  them.  Further,  he  must  know 
what  there  is  to  be  known  on  the  problems  of  permeability  and  absorption,  the 
relation  of  rain  to  supply,  the  changes  imdergone  by  water  and  the  paths  taken  by 
it  on  its  route  underground,  and  the  varying  nature  of  rocks  in  depth.  He  must 
also  understand  the  effects  of  folds  and  faults  on  drainage  areas  and  on  underground 
watercourses,  the  special  qualities  of  water-yielding  rocks,  of  those  forming  the 
foundation  of  reservoir  sites,  and  those  suitable  for  the  construction  of  dams. 
The  sanitary  engineer  will  need  to  be  acquainted  with  the  same  range  of 
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special  knowledge  as  the  water  engineer,  but  will  naturally  be  more  interested  in 
getting  rid  of  surface  water  without  contanynating  it  more  than  he  can  help  than 
in  obtaining  it ;  he  will  also  need  a  more  detailed  acquaintance  with  superficial 
deposits  than  any  other  class  of  professional  men. 

The  quarryman  and  architect  ought  to  know  the  rocks  both  maat>6CopicBlly 
and  microscopically,  in  their  chemical  and  mineralogical  character,  their  grains 
and  their  cements.  But  he  ought  to  be  well  acquainted  with  the  laws  of  beddiDfr, 
jointing,  and  cleavage,  with  questions  of  outcrop  and  underground  extent,  and  idl 
those  other  characters  which  make  the  difference  between  good  and  bad  stone,  or 
between  one  desirable  and  undesirable  in  the  particular  circumstances  in  which  a 
building  is  to  be  erected.  Further,  he  should  make  a  particular  study  of  the  aetka 
of  weight  and  weather  on  the  rocks  which  he  employs. 

The  road  engineer  and  surveyor,  now  that  it  has  been  discovered  that  it  is 
cheaper  and  better  to  use  the  best  and  most  lasting  road-metal  instead  of  any  that 
happens  to  be  at  hand,  requires  to  have  an  extensive  acquaintance  with  our  igneous 
and  other  durable  rocks.  He  needs,  however,  not  only  petrographic  and  chemical 
knowledge,  but  also  a  type  of  information  not  at  present  accessible  in  England,  the 
relative  value  of  these  rocks  in  resisting  the  wear  and  tear  of  traffic,  the  cementing 
power  of  the  worn  material,  and  the  surface  characters  of  roads  made  from  them, 
m  order  that  he  may  in  each  case  select  the  stone  which  in  hie  particular  circnm- 
stances  gives  the  bBst  value  for  money.  It  would  surely  pay  the  county  councils 
to  follow,  vnth  modifications,  the  example  of  the  Frencn  and  Americans,  and 
carry  out  a  deliberate  and  well-planned  series  of  experiments  on  all  the  material 
accessible  to  them  in  their  respective  districts. 

The  teaching  of  the  application  of  Geology  should  therefore  take  some  sodi 
form  as  the  following :— First,  the  principles  should  be  thoroughly  taught 'with  the 
use  for  the  most  part  of  examples  drawn  from  the  economic  skie ;  thus  cementing 
might  be  illustrated  on  the  siae  of  water  percolation,  jointing  from  the  making 
of  mine  roads  and  from  quarry  sites,  faulting  from  effects  on  coal  outcrops  and 
veins,  unconformity  from  its  significance  to  the  coal-miner ;  while  in  teaching  the 
sequence  of  stratified  rocks  the  systems  and  stages  could  be  mainly  individnalised 
by  their  economic  characters.  When  this  has  been  done  the  class  must  be  divided 
into  groups,  each  paying  special  attention  to  the  points  which  are  of  essential  im- 
portiwce  to  it. 

The  teaching  at  all  stages  should  be  practical  and,  so  far  as  can  be,  experi- 
mental, and  in  all  cases  where  possible  a  certain  amount  of  field  work  shonJd  be 
attempted.  For  the  field  after  all  is  the  laboratory  of  the  geologist,  where  he  can 
observe  experiments  being  made  on  a  gigantic  scale  under  his  eyes. 

The  aim  of  the  teaching  should  be  to  give  to  students  the  equipment  necessary 
to  deal  with  the  chief  geological  problems  that  they  will  meet  with  in  their 
varied  professions ;  it  should  show  them  where  to  go  for  maps,  memoirs,  or  descrip- 
tions or  the  areas  vrith  which  they  are  dealing ;  and  in  cases  of  great  difi&culty 
should  enable  them  to  see  where  further  geological  assistance  is  required,  and  to 
weigh  and  balance  the  expert  evidence  given  them  against  the  economic  and  other 
factors  of  the  problem  before  them. 

From  men  educated  thus  Geology  has  the  right  to  expect  a  valuable  rstom. 
There  is  a  vast  amount  of  knowledge  on  economic  subjects  in  existence  but  nci 
readily  accessible.  It  has  been  obtained  by  experts,  and  after  being  used  b  locked 
up  or  lost.  And  yet  it  is  the  very  kind  of  Imowiedge  which  is  wanted  to  extoid  our 
principles  further  into  the  economic  side  of  the  subject.  So  well  is  this  recognised 
that  many  geologists  are  attracted  to  economic  work  mainly  because  of  the  wide 
range  of  new  facts  that  they  can  only  thus  become  acquainted  with.  It  is  possible 
to  make  use  of  many  of  these  facts  for  scientific  induction  without  in  any  way  be- 
traying confidence  or  revealing  the  source  from  which  they  are  obtained ;  and  even 
if  they  cannot  be  used  directly  they  are  often  of  great  service  in  giving  moral 
support,  or  the  contrary,  to  working  hypotheses  founded  on  other  evidence. 
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Resources. 


The  knowledge  of  our  mineral  resources  is  of  such  vital  consequence  to  our- 
selves and  to  our  present  and  future  welfare  as  a  nation,  and  yet  it  is  a  matter  of 
so  much  popular  misconception,  that  1  feel  bound  to  dwell  on  this  subject  a  little 
longer.  To  anyone  who  studies  the  growth  and  distribution  of  population  in  any 
important  modem  State  the  facts  and  reasons  become  as  clear  as  day. 

It  is  easy  to  construct  maps  showing  at  a  glance  the  density  of  population  in 
any  country.  Perhaps  the  most  effective  way  to  do  so  is  to  draw  a  series  of 
isodemic  lines  and  to  gradually  increase  the  depth  of  tint  within  them  as  the 
number  of  people  per  square  mile  increases  until  absolute  blackness  represents,  say, 
over  2,000  people  per  square  mile.  Such  maps  are  the  best  means  of  displaying 
the  geography  of  the  available  sources  of  energy  in  a  country  at  any  jpardcular 
period.  Population  maps  of  England  and  Wales  m  the  early  part  of  the  eighteenth 
century  would  be  pale  in  tint  with  a  few  rather  darker  patches,  and  would  show 
a  distribution  dependent  solely  upon  food  as  a  source  of  energy  working  through 
the  medium  of  mankind  and  anmials.  Such  nmps  would  be  purely  agricultural 
and  maricultural,  dependent  upon  the  harvests  of  the  land  and  sea.  Maps  made  at 
a  later  period  would  show  a  new  concentration  round  other  sources  of  energy,  par- 
ticularly wind  and  water,  but  would  not  be  perceptibly  darker  in  tint  as  a  whole ; 
for  although  we  are  apt  to  think  that  we  have  in  this  country  too  much  wind  and 
water,  they  are  not  in  such  a  form  that  we  can  extract  any  appreciable  supply  of 
energy  directly  from  them. 

But  maps  representing  the  present  population,  while  still  mainly  energy  maps, 
at  once  bring  out  the  fact  that  our  leading  source  of  energy  is  now  coal  and  no 
longer  food,  vnnd,  or  water.  The  new  concentrations,  marked  now  by  patches  and 
bands  of  deepest  black,  have  shifted  away  from  the  agricultural  regions  and 
settled  upon  and  around  the  coalfields.    The  map  has  now  become  geological. 

The  difference  between  the  old  and  the  new  map  is,  however,  not  only  in  kind ; 
it  is  even  more  remarkable  in  degree.  The  population  is  everywhere  much 
denser.  Not  only  are  the  mining  and  manufacturing  areas  on  the  new  map  more 
than  eight  times  as  densely  populated  as  any  areas  on  the  older  map,  not  only  is 
the  average  population  five  times  greater  throughout  the  country,  but  the  lightest 
spot  on  Uie  new  map  is  nearly  as  dark  as  the  darkest  spot  on  the  old  one.  The 
sparsest  population  at  the  present  day  is  as  thick  on  the  ground  as  it  was 
in  the  densest  spots  indicated  on  the  older  map,  while  at  the  same  time  the  stan- 
dards of  wages,  living,  and  comfort,  instead  of  falling,  have  risen. 

The  discovery  of  tnis  new  source  of  energy,  coal,  immediately  gave  employment 
to  s  much  larger  number  of  people;  it  paid  for  their  food  and  provided  the  means  of 
transporting  it  from  the  uttermost  parts  of  the  earth.  Under  agricultural  condi- 
tions the  map  shows  that  the  population  attained  a  given  maximum  density,  and 
no  further  increase  was  possible,  the  density  being  regulated  by  the  food  supply 
raised  on  the  surface  of  the  land.  Our  dwelling-house  was  but  one  story  high. 
Under  industrial  conditions  our  mineral  resources  can  support  five  times  the 
number.   Our  dwelling-house  is  oiHoe  stories — one  above  ground  and  four  below  it. 

At  the  same  time  the  type  of  distribution  is  altered.  The  agricultural  areas 
are  now  covered  by  a  relatively  scanty  population,  and  the  denpe  areas  are 
situated  on  or  near  to  the  coal  and  iron  fields,  the  regions  yielding  other  metals, 
those  suitable  for  industries  which  consume  large  supplies  of  fuel,  and  a  host  of 
new  distributing  centres,  nodal  points  on  the  new  lines  of  traffic,  either  inside  the 
country  or  on  its  margins  where  the  great  routes  of  ocean  transport  converge,  or 
where  the  sea  penetrates  far  in  towards  the  industrial  regions. 

It  has  been  the  good  fortune  of  this  country  to  be  the  first  to  realise,  and  with 
characteristic  energy  to  take  advantage  of,  the  new  possibilities  for  development 
opened  up  by  the  discovery  and  utilisation  of  its  mineral  wealth.  We  were  ex- 
ceedingly fortunate  in  having  so  much  of  this  wealth  at  hand,  easy  to  get  and 
work  m>m  geological  considerations,  cheap  to  transport  and  export  from  geogra- 
phical considerations.    So  we  were  able  to  pay  cash  for  the  products  of  the  whole 
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world,  to  handle,  manufacture,  and  transport  them,  and  thus  to  become  the  tnden 
and  carriers  of  the  world. 

But  other  nations  are  waiting  up.  We  have  no  monopoly  of  underOToaiid 
wealth,  and  day  by  day  we  are  feeling  the  competition  of  their  awmkeniiif 
strength.    Can  we  carry  on  the  struggle  and  maintain  the  lead  we  hmve  ^ined^ 

In  answering  this  question  there  are  three  great  considerations  to  keep  ia 
mind.  First,  our  own  mineral  wealth  is  not  exhausted ;  secoiKHy,  that  of  our 
colonies  is  as  yet  almost  untouched ;  and  thirdly,  there  are  still  many  uncolonised 
areas  left  in  tbe  world. 

The  very  plenty  of  our  coal  and  iron,  and  the  ease  of  extracting  it,  has  been 
an  economic  danger.  There  has  been  waste  in  exploration  because  of  ignoTwiee 
of  the  structure  and  position  of  tbe  coal-yielding  rocks;  waste  in  extractioa 
because  of  defective  appliances,  of  the  working  only  of  the  best-pajing  seams  and 
areas,  of  the  water  difficulty,  and  the  want  of  well-kept  plans  and  records  of  arm 
worked  and  un worked ;  waste  in  employment  because  ot  the  low  efficiency  of  iht 
machinery  which  turns  this  energy  into  work.  With  all  this  waste  our  coalfields 
have  hardly  yielded  a  miserable  one  per  cent  of  the  energy  which  the  coal  actually 
possesses  when  in  situ. 

Engineers  and  miners  are  trying  to  diminish  two  of  these  sources  of  waste, 
and  Geology  has  done  something  to  reduce  that  of  exploration.  This  has  bea 
done  by  detailed  mapping  and  study,  so  that  we  now  know  the  areas  covered  br 
the  coal-seams,  their  varying  thickness,  the  '  wants,'  folds,  and  faults  bj  whicL 
they  are  traversed,  and  all  that  great  group  of  characters  designated  as  the 
geological  structure  of  the  coalfields.  It  could  not  have  been  accomplished  unlesi 
unproductive  as  well  as  productive  areas  had  been  studied,  tbe  margins  of  the 
fields  mapped  as  well  as  their  interiors,  and  unless  the  geological  principleB 
wrested  from  all  sorts  of  rocks  and  regions  had  been  available  for  apphcatiiin  to 
the  coal  disuicts  in  question.  We  no  longer  imagine  every  grey  shale  to  be  an 
index  of  coal ;  we  are  not  frightened  by  every  roll  or  fault  we  meet  with  under- 
ground ;  nor  do  we,  as  in  the  past,  throw  away  vast  sums  of  money  in  sinking'  for 
coal  in  Cambrian  or  Silurian  rocks. 

We  cannot  afford,  hard  bitteu  as  we  are  in  the  rough  school  of  experience  and 
with  our  increased  knowledge,  to  make  all  the  old  mistakes  over  ogainy  and  yet 
we  are  on  the  very  eve  of  doing  it.  Up  to  the  present  it  is  our  visible  coalfields 
that  we  have  been  working,  and  wo  have  got  to  know  their  extent  and  character 
fairly  well.  But  so  much  coal  has  now  been  raised,  so  much  wasted  in  extractkm, 
and  so  many  areas  rendered  dangerous  or  impossible  to  work,  that  we  cannot  diat 
oiur  eyes  to  the  grave  fact  that  these  visible  fields  are  rapidly  approaching  exhaus- 
tion. The  Government  have  done  well  to  take  stock  again  of  our  coal  supply 
and  to  make  a  really  serious  attempt  by  means  of  a  Royal  Gommission  to  gau^ 
its  extent  and  duration;  and  we  all  look  forward  to  that  Commission  to  daiM 
attention  to  this  serious  waste  and  to  the  possibility  of  better  economy  which 
will  result  from  the  fuller  application  of  scientific  method  to  exploration,  working, 
and  employment. 

But  we  still  have  an  area  of  concealed  coalfields  left,  possibly  at  least  as  large 
and  productive  as  those  already  explored  and  as  full  of  iiope  for  increased  indss- 
trial  development.  It  is  to  these  we  must  now  turn  attention  with  a  view  of 
obtaining  from  them  tbe  maximum  amount  possible  of  the  energy  that  they 
contain.  The  same  problems  which  beset  the  earlier  cjmlorers  of  the  visible  coal- 
fields will  again  be  present  with  us  in  our  new  task,  and  there  will  be  in  additioB 
a  host  of  new  ones,  even  more  difficult  and  costly  to  solve.  In  spite  of  this  the 
task  will  have  to  be  undertaken,  and  we  must  not  rest  until  we  have  as  good  a 
knowledge  of  the  concealed  coalfields  as  we  have  of  those  at  the  surface.  This 
knowledge  will  have  to  be  obtained  in  the  old  way  by  geological  surveying  and 
mapping  and  by  the  coordination  of  all  the  observations  available  in  the  pro- 
ductive rocks  themselves  and  in  those  associated  with  them,  whether  made  in  the 
course  of  geological  study  or  in  mining  and  exploration.  But  now  the  work  will 
have  to  be  done  at  a  depth  of  thousands  instead  of  hundreds  of  feet,  and  under  a 
thick  cover  of  newer  strata  resting  unconfonnably  on  those  we  wish  to  pierce  and 
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work.  When  we  get  under  the  unconformable  cover  we  meet  the  same  ^logy 
and  the  same  laws  of  stratigraphy  and  structure  as  in  more  superficial  deposits,  but 
accurate  induction  is  rendered  increasingly  difficult  by  the  paucity  of  exposures 
and  the  small  number  of  facts  ayailable  owing  to  the  great  expense  of  deep 
boring.  How  precious,  then,  becomes  every  scrap  of  information  obtained  from 
sinkings  and  borings,  not  only  where  success  is  met  with,  but  where  it  is  not ;  and 
how  little  short  of  criminal  is  it  that  there  should  be  the  probability  that  much  of 
this  information  is  being  and  will  be  irretrievably  lost  I 

Mr.  Harmer  pointed  out  in  a  paper  to  this  Section  in  1895  that  under  present 
conditions  there  was  an  automatic  check  on  all  explorations  of  this  kind.  The 
only  person  who  can  carry  it  out  is  the  landowner.  If  he  fails  he  loses  his 
money  and  does  not  even  secure  the  sympathy  of  his  neighbours.  If  he 
succeeds  his  neighbours  stand  to  gain  as  much  as  he  does  without  sharing  in  the 
expense.  The  successful  explorer  naturallv  conceals  the  information  he  has 
acquired  because  he  has  had  to  pny  so  heavily  for  it  that  he  cannot  afford  to  put 
his  neighbours  in  as  good  a  position  as  himself  and  make  them  his  rivals  as  well ; 
while  the  unsuccessful  man  is  only  too  glad  to  forget  as  soon  as  possible  all  about 
his  unfortunate  venture.  And  yet  in  work  of  this  kind  failure  is  second  only  to 
success  in  the  value  of  the  information  it  gives  as  to  the  underground  structure 
which  it  is  so  necessary  to  have  if  deep  mining  is  to  become  a  real  addition  to  the 
resources  of  the  country. 

Systematic  and  detailed  exploration,  guided  by  scientific  principles  and 
advancing  from  the  known  to  the  unknown,  ought  to  be  our  next  move  forward : 
a  method  of  exploration  which  shall  benefit  the  nation  as  well  as  the  individual, 
a  careful  record  of  everything  done,  a  body  of  men  who  shall  interpret  and  map 
the  &cts  as  thev  are  acquired  and  draw  conclusions  with  regard  to  structure  and 
position  from  them — ^in  short  a  Geological  Survey  which  shall  do  as  much  for 
Hypogean  Qeologv  as  existing  surveys  have  done  for  Epigean  Geology,  is  now  our 
crymg  need.  Unless  something  of  this  sort  is  done,  and  done  in  a  systematic  and 
masterful  manner,  we  run  a  great  risk  of  frittering  away  the  most  important  of 
our  national  resources  left  to  us,  of  destroying  confidence,  of  wasting  time  and 
money  at  a  most  precious  and  critical  period  of  our  history,  and  of  slipping  down- 
hill at  a  time  when  our  equipment  and  resources  are  ready  to  enable  us  to  stride 
forward. 

We  do  not  want  to  be  in  the  position  of  a  certain  town  council  which  kept 
ft  list  of  its  old  workmen  and  entered  opposite  one,  formerly  sewer  inspector,  that 
he  possessed  '  an  extensive  memory  which  is  at  the  disposal  of  the  corporation.' 

Kven  supposing  the  scheme  outlined  by  Mr.  Harmer  cannot  be  carried  out  in 
its  complete  form,  a  great  deal  will  be  done  if  mining  engineers  can  receive 
a  sufficient  geological  training  to  enable  them  to  realise  the  significance  of  these 
underground  problems,  so  that  they  can  recognise  when  any  exploration  they  are 
carrying  out  mside  their  own  area  is  likely  to  be  of  far-reaching  geological  and 
economic  significance  outside  the  immediate  district  in  which  they  are  personally 
and  immediately  concerned. 

Turning  to  our  colonies  it  is  true  that  in  many  of  them  much  is  being  done  bv 
competent  survevs  to  attain  a  knowledge  of  mineral  resources,  but  this  work 
shoidd  be  pushed  forward  more  rapidly,  with  greater  strength  and  larger  stafis, 
and  above  all  it  should  not  be  limited  to  areas  that  happen  to  be  of  known 
economic  value  just  at  the  present  moment.  It  is  almost  a  truism  that  the 
scientific  principle  of  to-day  is  the  economic  instrument  of  to-morrow,  and  it  will 
be  a  good  investment  to  enlarge  the  bounds  of  geological  theory,  trusting  to  the 
inevitable  result  that  every  new  principle  and  fact  discovered  will  soon  find  its 
economic  application.  Further,  it  is  necessary  that  we  should  obtain  as  soon  as 
possible  a  better  knowledge  of  the  mineral  resources  of  the  smaller  and  thinly 
inhabited  colonies,  protectorates,  and  spheres  of  influence :  This  is  one  of  the 
things  which  would  conduce  to  the  more  rapid,  effective  occupation  of  these  areas. 
"With  regard  to  areas  not  at  present  British  colonies,  it  seems  to  me  that  no 
great  harm  would  be  done  by  obtaining,  not  in  any  obtrusive  way,  some  general 
knowledge  of  the  mineral  resources  of  lUtely  areas.    This  at  least  seems  to  be  what 
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other  natioDS  find  it  worth  their  while  to  do,  and  then,  when  the  opportunitj  of 
selection  arises,  they  are  able  to  choose  such  regions  as  will  most  rapidly  fiR  up 
and  soonest  yield  a  return  for  the  private  or  public  capital  invested  in  taem. 

Summary, 

To  sum  up,  I  consider  that  the  time  has  come  when  geologists  Bhould  make 
a  firm  and  consistent  stand  for  the  teaching  of  their  science  in  schools,  technkil 
colleges,  and  universities.  Such  an  Extension  of  teaching  will  of  comae  need  the 
expenditure  of  time  and  money ;  but  England  is  at  last  beginning  .to  wake  v^  to 
the  belief,  now  an  axiom  in  Germany  and  America,  that  one  of  ue  beet  inveifc. 
ments  of  money  that  can  be  made  by  the  pious  benefactor  or  by  the  State  is  that 
laid  up  at  compound  interest,  *  where  neither  moth  nor  rust  doth  corrupt,'  in  the 
brains  of  its  young  men. 

This  knowledge  has  been  an  asset  of  monetary  value  to  hosts  of  individuals 
who  have  made  their  great  wealth  by  the  utilisation  of  our  mineral  resouroesy  and 
to  our  country,  which  owes  its  high  position  among  the  nations  to  the  power 
and  importance  given  to  it  by  its  coal  and  iron.  It  is  surelv  good  advice  to 
individuals  and  to  the  State  to  ask  them  to  reinvest  some  of  their  savii^  in 
the  business  which  has  already  given  such  excellent  returns,  so  that  they  and  we 
may  not  be  losers  through  our  lack  of  knowledge  of  those  sources  of  energy  whkk 
have  made  us  what  we  are,  and  are  capable  of  keeping  for  many  years  the  poeitioii 
they  have  won  for  us. 

And  in  our  present  revival  of  education  it  would  be  well  that  its  lightfbl  posi- 
tion should  be  given  to  a  science  which  is  useful  in  training  and  exercising  the 
faculty  of  observation  and  the  power  of  reasoning,  which  conduces  to  the  open-«ir 
life  and  to  the  appreciation  of  the  beautiful  in  nature,  which  places  its  services  at 
the  disposal  of  the  allied  sciences  of  topography  and  geography,  which  is  the  hand- 
maid of  manj)r  of  the  useful  arts,  and  which  brings  about  a  better  knowledge 
and  appreciation  of  the  life  and  growth  of  the  planet  that  we  inhabit  for  a 
while,  and  wish  to  hand  on  to  our  descendants  as  little  impaired  in  vitality  and 
energy  as  is  consistent  with  the  economic  use  of  our  own  life-interest  in  it. 


The  following  Papers  and  Reports  were  read : — 

1.  The  Geology  of  the  Country  round  SouthporL 
By  J.  LoMAS,  A.E,C.S.,  F.G.S. 

Looking  towards  Southport  from  the  sea  we  notice  three  platforms  rising  ia 
gigantic  steps  towards  the  east. 

The  first  is  low,  varying  in  height  from  9  to  20  feet  above  Ordnance  datnm, 
and  is  fringed  on  the  seaward  side  by  sandhills  which  rise  to  an  elevation  of  from 
60  to  90  feet.  On  the  north  the  broad  estuary  of  the  Ribble  separates  this  plain 
from  a  similar  platform  known  as  the  Fylde  district,  and  the  Mersey  on  the  soath 
cuts  off  another  fragment  which  forms  the  north  end  of  the  Wirral.  Two  less 
significant  streams,  the  Douglas  and  the  Alt,  flow  across  the  platform  into  the 
Kibble  Estuary  and  the  Crosby  Channel  respectively. 

The  whole  of  this  plain  is  the  gift  of  the  Irish  Sea  glacier,  which  formerly 
overrode  the  district,  the  solid  rocks  only  reaching  the  surface  in  the  case  of  a  few 
islands,  while  the  bulk  is  below  sea  level. 

In  the  immediate  neighbourhood  of  Southport,  Keuper  marls  occur.  These  are 
of  great  thickness,  and  contain  bands  of  gypsum  and  pseudomorphs  of  rock  salt. 
To  the  north,  in  the  Fylde  district,  where  similar  rocks  occur,  salt  is  obtained  from 
the  beds,  and  the  boulders  of  gypsum  which  occur  in  great  profufflon  in  the  local 
drift  have  evidently  come  from  this  formation. 

The  Bunter  rocks  of  the  Trias  succeed  to  the  east,  and  are  in  places  capped  by 
Keuper  sandstones.     Where  these  occur  we  reach  the  second  platform. 

At  Ormskirk,  distant  about  eight  miles  from  Southport,  several  interesting 
sections  show  the  Keuper  resting  on  the  Upper  Bunter,    At  Scarih  Hill|  near  th^ 
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Water  Tower^  the  relations  beween  Eeuper  and  Banter  are  well  difiplajed,  and 
the  quarries  are  worth  yiaiting.  Probably  nowhere  in  the  district  do  the  Banter 
sandstones  display  sach  clear  evidence  of  their  sdolian  origin.  They  consist  of 
sand  grains  perfectly  roanded  and  polished,  each  bed  containing  grains  of  onilbmi 
size.  So  perfect  is  this  sifUng  that  it  looks  as  if  the  layers  had  been  passed 
through  sieves  of  varying  meshes.  In  some  layers  the  grains  are  2  mm.  in 
diameter,  and  in  others  they  are  exceedingly  fine.  A  comparison  of  these  sands 
with  others  from  the  Sahara  and  sand  dunes  shows  clearly  the  distinction  between 
the  deposition  by  wind  agency  and  in  water.  Faults  traversing  the  Triassic 
rocks  conform  to  the  general  N.  and  S.  direction  so  characteristic  of  Lancashire 
and  Gheshire,  and  these  are  joined  by  £.  and  W.  faults,  which*  as  a  rule,  have 
little  or  no  throw.  It  seems  as  if  the  N.  and  S.  buckling  which  caused  the 
mfdn  faults  had  cut  up  the  rocks  into  blocks,  and  the  E.  and  W.  faults  mark  the 
units  which  dropped  successively  in  the  individual  blocks. 

Further  to  the  £.  the  Bunter  rocks  give  place  to  Goal-measures,  but  at  one  or 
two  j^laces  in  the  area,  as  at  Skillaw  Clough  and  Bentley  Brook,  thin  beds  of 
Permian  age  intervene. 

Succeeoing  the  Goal-measures,  Millstone  Grit  appears  in  the  next  platform 
which  forms  Qie  hiUs  above  Chorley  and  Horwich.  An  outlier  of  Millstone  Grit 
also  occors  at  Parbold,  farther  to  the  west. 

The  disposition  of  the  rocks  already  given  indicates  an  approach  towards  the 
arch  of  the  great  Penine  anticline,  and  on  crossing  the  Penine  chain  a  similar 
succession,  in  the  reverse  order,  is  met  with  in  Yorkshire. 

The  matter  is  complicated,  however,  by  the  occurrence  of  another  line  of 
folding  which  shows  itself  in  the  Rosendale  anticline,  running  E.N.E.  to  W.S.W. ; 
and  it  is  owing  to  this  cross  folding  that  the  Millstone  Grit  is  brought  to  the  sur- 
face on  Anglezark  Moor  and  at  Parbold. 

As  a  result  of  this  folding  the  main  faults  in  the  Garboniferous  area  run 
parallel  with  the  anticline,  and  the  cross  faults  at  right  angles  to  the  faulted 
blocks  ore  characterised  by  having  only  a  slight  throw. 

Returning  now  to  the  first  platform  we  find  the  chief  interest  lies  in  the  glacial 
and  post-glacial  deposits  which  cover  the  area.  The  surface  of  the  boulder  clay  is 
very  uneven,  and  in  the  hollows  meres  have  been  formed.  Many  of  these  have 
since  been  filled  with  peat,  and  tree  trunks,  both  prone  and  erect^  are  found 
inclosed  in  it.  A  great  number  of  these  meres,  or  mosses,  are  seen,  not  only  about 
Southporty  but  in  the  Fylde,  in  South  Lancashire,  and  the  northern  part  of 
Oheshire. 

In  all  cases  they  either  drain  eastwards  or  formerly  did  so.  Borings  in  the 
peat  show  that  they  often  extend  below  sea-level,  and  there  must  have  existed 
barriers  which  prevented  the  waters  from  reaching  the  Irish  Sea.  It  has  been 
estimated  that  tne  coasts  in  the  neighbourhood  are  being  eroded,  in  some  places  at 
the  rate  of  five  yards  a  year;  so  t^t  400  years  ago  the  land  would  extend  more 
than  a  mile  seawards ;  and  if  the  same  rate  of  waste  has  obtained  since  the  glacial 
period  there  would  be  a  land  of  meres  and  mosses  extending  as  far  as  the  Isle  of 
Man.  It  is  possible  that  the  Irish  elk  found  in  the  Isle  of  Man  crossed  by  this 
lost  land. 

Along  the  coast  meres  can  be  seen  in  all  stages  of  decay.  Inunediately  to  the 
east  of  Southport  lies  Martin  Mere,  which  is  only  separated  from  the  sea  by  a 
narrow  bank  at  Grossens.  At  the  Alt  mouth,  at  Leasowe,  in  Gheshire,  and  in 
other  places,  the  ancient  meres  have  been  cut  in  two  by  the  sea,  and  we  have  peat 
and  tiee  trunks  on  the  coast  below  high-water  level.  These  are  usually  spoken  of 
as  '  submerged  forests,'  and  their  occurrence  in  the  places  mentioned  may  indicate 
a  lowering  of  the  surface  of  ^e  land  since  the  trees  grew. 

The  present  mouths  of  the  Mersey,  Alt,  Douglas,  and  Ribble  have  all  been  cut 
through  ancient  meres,  and  as  there  is  evidence  that  these  formerly  drained  to  the 
east  it  is  probable  that  the  breaching  of  the  meres  has  resulted  m  a  reversal  of 
flow  since  glacial  times,  and  the  present  mouths  are  of  comparatively  recent  date. 
The  sandhills  on  the  coast  only  occur  in  districts  adjacent  to  rivers.  It  is 
probable  that  they  owe  their  origin  to  the  material  brought  down  by  the  rivers, 
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fonning  a  bank  of  sand  in  the  alack  water  at  each  side  of  their  ehannela.  Hieie 
banks  drying  at  low  water,  the  sand  has  then  been  blown  inland  by  the  pref  tiling 
S.W.  winds.  No  dunes  existed  in  this  district  400  years  ago,  and  they  are  probaUT 
subsequent  to  and  result  from  the  reTersal  of  the  drainage  of  the  Mersey  tsd 
Ribble.  

2.  Martin  Mere,    By  Harold  Brodrick,  M,A. 

Martin  Mere,  a  lake  atuated  inland  of  and  to  the  N.E.  of  Southport,  was,  it 
the  end  of  the  sixteenth  century,  about  four  miles  long  by  two  in  width,  iti 
length  extending  from  Crossens  to  Rufford.  It  was  one  of  a  number  of  lakes 
which  formerly  existed  in  this  district,  such  as  the  lake  on  the  site  of  Chat  Mo« 
and  others  in  the  Wirral  Peninsula.  The  glacial  period  left  the  whole  of  this 
district  and  part  of  the  Irish  Sea  between  the  present  coast  line  and  the  Isle  of 
Man  covered  with  a  deposit  of  boulder  clay  with  an  undulating  surface.  The 
district  under  cousideration  seems  to  have  formed  a  portion  either  of  a  large  lake 
basin,  which  stretched  seawards,  or  of  an  estuary,  as  a  deposit  of  grey  clajr  is 
found  underlying  the  western  portion  of  the  mere;  the  lacustrine  or  eetuarine 
character  of  this  clay  is  not  at  present  fully  determined.  Subsequently  to  this 
deposit  a  good  drainage  system  came  into  existence,  and  a  forest  sprang  up  con- 
sisting of  gigantic  oaks  and  Scotch  firs,  the  roots  of  which  trees  penetrated 
through  the  grey  clay,  and  in  some  cases  imbedded  themselves  in  the  underlying 
boulder  clay.  This  forest  covered  a  considerable  area  of  South-west  Lancashiro 
and  the  Wirral  Peninsula  and  extended  seawards  of  the  present  coast  line.  The 
drainage  of  this  district  became  obstructed  by  a  bank  of  tidal  alluvium  at  Crossens, 
and  a  lake  was  formed  killing  the  trees,  which  fell  mostly  pointing  in  a  N.E. 
direction.  This  lake  slowly  became  smaller  owing  to  the  growth  of  sphagnum 
and  other  peat-forming  plants ;  the  shores,  with  the  exception  of  that  on  the  north, 
were  shallow  and  marshy,  and  favourable  to  such  growths.  The  old  basin  is 
filled  with  peat,  the  lowest  layers  of  which  are  of  a  dense  black  nature  containing 
the  trunks  of  trees ;  the  upper  portions  of  the  peat  are  of  a  light  colour,  and  con- 
tain no  tree  trunks  for  the  most  part,  although  a  layer  of  hazel  trees  occurs  within 
a  few  feet  of  the  surface  over  the  greater  portion  of  the  area ;  shaUow  layers  of 
sand  occur  in  various  places  in  the  peat,  and  are  probably  of  similar  origin  to  that 
of  the  Shirdley  Hill  sand  of  the  district.  The  greatest  depth  of  the  peat  so  hi 
ascertained  is  nineteen  feet,  imbedded  within  a  few  feet  of  the  surface  fifteen 
canoes,  each  hollowed  out  of  a  single  tree  trunk,  have  been  found.  The  earlier 
maps  {e.ff.f  Blaeu,  1662)  all  show  three  islands :  of  these  the  boulder  clay  knoll  on 
which  Berry  House  windmill  stands  is  one.  It  is  possible  that  Wyke  Farm 
occupies  a  second  and  Clay  Brow  a  third.  Berry  House  Island  was  never  more 
than  five  feet  above  the  highest  waters  of  the  mere.  The  lake  prior  to  the  arti- 
ficial drainage  flowed  into  the  Douglas  near  Rufford ;  but  it  is  likely  that  in  times 
of  floods  the  reverse  took  place,  and  the  flood  waters  of  the  river  and  of  the  lake 
found  their  way  into  the  sea  at  Crossens.  In  1602  the  first  artificial  drainage 
works  were  commenced,  and  consisted  of  a  canal,  cut  through  the  banked 
alluvium  at  Crossens,  and  flood  gates.  It  was  not  until  about  18^)  that  the  hke 
was  efficiently  driuned.  Previous  to  that  date  the  area  was  frequently  flooded, 
partly  owing  to  the  blocking  of  the  flood  gates  by  sand,  partly  to  incursions  of 
the  sea,  and  partly  to  floods  from  the  Douglas.  The  present  area  of  the  old  lake 
is  now  below  the  high-water  mark  of  spring;  tides,  which  have  been  known,  within 
living  memory,  to  flow  up  as  far  as  Berry  House. 


3.  Report  of  the  Committee  on  the  Registration  of  Type  Specimens  of 

Fossils, 


4.  Report  of  the  Committee  on  the  Structure  of  Crystals, 
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[FBI DAY,  SEPTEMBER  11. 
The  folIowiDg  Papers  and  Reports  were  read : — 

"[,  Onihe  Lakes  of  the  Upper  Engadine.    By  AnorA  DsLfiBECQtiB. 

One  of  the  meet  striking  instancee  of  a  long  depression  forming  a  pass  hetweeu 
two  Tidleys,  and  occupied  by  a  series  of  lakes,  is  to  be  seen  in  the  strip  of  land 
which  extends  between  St.  Moriz  and  the  Maloja. 

It  is  occupied  by  the  four  Ukes  of  Sils,  Silva  Plana,  Oampfer,  and  St.  Moriz, 
with  a  depth  of  71,  77,  34,  and  44  metres  respectively. 

The  level  of  these  lakes  ranges  between  1,771  and  1,800  metres. 

The  lake  of  St  Moriz  is  obviously  in  a  rock-basin. 

As  to  the  other  three  lakes,  an  opinion  currently  prevails  which,  though  sup- 
ported by  the  hi^h  authority  of  Professor  Heim,  is  believed  by  the  author  to  be 
unjustified.  It  is  generally  thought  that  the  river  Ino,  weakened  by  the  capture 
of  some  of  its  tributaries  by  the  river  Maira,  has  been  unable  to  sweep  away  the 
deposits  of  the  torrents  descending  from  lateral  valleys,  and  that  consequently  its 
waters  have  been  dammed  up  into^  the  three  lakes  in  question. 

An  attentive  survey  of  the  region  shows  that,  on  the  contrary,  these  lakes  for-> 
merly  constituted  a  single  sheet  of  water  in  a  rock  basin,  which  extended  from 
the  Maloja  to  the  village  of  Campfer,  in  both  of  which  places  ledges  of  ffneiss  are 
visible,  and  that  the  lateral  torrents,  far  from  contribution  to  the  formation  of  the 
lakes,  nave  l>artly  filled  them  up  by  their  deposits,  and  have  divided  into  three 
what  was  originally  a  single  basin. 

The  length  of  the  original  lake  was  remarkable,  as  it  measured  no  less  than 
12  kilometres  (7^  miles),  and  it  must  be  borne  in  mind  that,  though  moimtain 
lakes  are  often  very  deep,  their  horizontal  dimensions  are  |;eneraUy  limited. 

As  to  the  origin  of  the  lake,  the  author  is  of  opinion  that  it  cannot  be 
attributed  to  tectonic  movements  or  to  aqueous  erosion,  and  that  very  probably 
glacial  excavation  has  come  into  play. 


2.  On  a  Preglacial  or  Early  Glacial  Raised  Beach  in  County  Cork,  By 
H.  B.  Muff,  B.A.,  RG,S,,  and  W.  B.  Wright,  B,A.,  of  H.M.  Geo- 
logical  Survey. 

[Communicated  with  the  permission  of  the  Director  of  H.M.  Geological  Survey.] 

The  existence  of  a  raised  beach  formed,  and  probably  elevated,  before  the 
deposition  of  the  bouldernslay  has  already  been  demonstrated  in  South  Wales  ^ 
and  Yorkshire.'  During  the  progress  of  the  Drift  Survey  of  the  country  sur- 
rounding Queenstown  Harbour  a  beach  of  similar  age  was  observed  along  the 
shores  of  the  harbour,  and  was  subsequently  traced  at  intervals  along  the  adjoining 
coast  of  Waterford  and  Cork  from  Etally voyle  Head,  Dungarvan,  to  Clonakilty,  a 
distance  from  east  to  west  of  about  sixty  miles. 

The  relation  of  this  beach  to  the  well-known  submerged  river  valleys  of  the 
south  of  Ireland  is  a  point  of  considerable  interest.  The  finding  of  glacial  drift 
and  strisB  within  the  valleys  led  at  once  to  the  recognition  of  their  preglacial 
excavation,  but  the  subsequent  tracing  of  the  raised  beach  beneath  the  boulder- 
clay  along  their  banks  showed  that  their  submergence  was  also  preglacial. 

The  most  persistent  relic  of  the  raised  beach  is  a  water-worn  rock-platform,  of 

*  K.  H.  Tiddeman,  M.A.,  F.O.S..  *  On  the  Age  of  the  Raised  Beach  of  Southern 
Britain  as  seen  in  Gower,*  Rep,  Brit.  Assce.,  1900,  p.  760.  See  also  Summary  of 
Pragreu  of  the  Oeologieal  Survey  of  the  United  Kingdom  for  1899,  pp.  154, 166. 

*  Q.  W.  Lamplugb,  F.G.S.,  *  Report  of  the  Committee  appointed  for  the  Purpose 
of  investigating  an  Ancient  Sea-beaoh  near  Bridlington  QiQB,j;Rep,  Brit.  Assoc.,  1890, 
p.  376.  See  also  Proa.  Torkshirfi  OeoL  and  Polytechnic  Society,  1887,  p.  881 ;  and 
«The  Drifts  of  Flamborough  Head,'  QuaH.  Joitm.  Geol.  Soc,  xlvii.  p.  384 
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varying  width,  sloping  gently  seaward  and  terminated  at  its  landward  side  by  A 
rocky  cliff  against  which  the  deposits  overlying  the  beach  are  banked.  The 
higher  portions  of  this  platform,  just  at  the  foot  of  the  cliff,  are  from  five  to  ten 
feet  above  high- water  mark — that  is,  perhaps  seven  to  twelve  feet  above  tbe 
higher  portions  of  the  corresponding  plane  of  erosion  in  process  of  formation  at  the 
present  day. 

The  overlying  deposits,  whore  completely  developed,  exhibit  the  following 
succession  of  strata : — 

5.  Upper  *  head.* 
4.  Boulder-clay. 
3.  L#ower '  head.' 
2.  Blown  sand. 

1.  Raised-beach  shingle  and  blocks  from  cliff*, 
llock  platform. 

The  *  head  *  is  composed  of  angular  fragments  of  rocks  similar  in  cliafticter  to 
those  forming  the  clifis  above.  It  has  a  bedded  appearance,  like  that  of  a  tip-heap, 
but  there  is  no  sorting  of  material.  By  far  the  greater  proportion  of  it  lies  below 
the  boulder-clay.  The  upper  '  head  *  often  contains  roundea  stones  derived  from 
the  drift. 

The  boulder-clay  contains  well-scratched  subangular  stones,  all  local,  but  muck 
more  miscellaneous  than  those  in  the  'head.* 

The  blown  sand  is  found  banked  against  the  cliff  behind  the  *  head,*  which  has 
the  appearance  of  having  slipped  down  little  by  little  over  it.  The  rock  cliff  often 
has  a  polished  appearance,  probably  due  to  the  action  of  the  wind-borne  sand. 

The  shingle  lies  upon  the  platform  among  the  blocks,  which  have  evidently 
fallen  from  the  cliff  above.  The  blown  sand  is  heaped  over  and  among  these 
blocks,  which  are  absent  in  sections  further  from  the  old  cliff.  The  shingle  in 
these  seaward  sections  is  often  replaced  by  fine  stratified  beach-sand. 

As  the  present  coast-line  recedes  from  the  old  cliff,  the  '  head,*  both  upper  and 
lower,  is  seen  to  thin  out  and  finally  disappear.  The  boulder-clay,  on  the  othftr 
hand,  thickens  at  first  to  seaward,  until  it  replaces  the  '  head '  and  comes  to  lie 
directly  on  the  rock  platform,  which  is  often  beautifully  glaciated  beneath  it 
When  sufficiently  preserved,  however,  it  can  be  seen  to  thin  out  further  seaward^ 
having  in  section  a  somewhat  lenticular  shape. 

The  sections  are,  of  course,  not  always  as  complete  as  indicated  above.  Some- 
times one  member  is  absent,  sometimes  another,  but  the  relative  succession  'u 
invariable.  With  the  exception  of  a  few  fragmentary  shells  no  fossils  have  up  to 
the  present  been  found  in  any  of  the  deposits. 

The  superposition  of  the  boulder-clay  and  the  glaciation  of  the  rock  platform 
are  taken  to  prove  the  preglacial — or,  more  strictly,  the  pre-boulder-clay — age  of 
the  beach. 

The  occurrence  of  blown  sand  and  lower  '  head  *  indicates  an  elevation  of  the 
beach  prior  to  the  deposition  of  the  boulder-clay. 

The  preponderance  of  the  lower  over  the  upper  '  head  *  is  no  doubt  due  to  the 
greater  steepness  in  preglacial  times  of  the  dominating  cliff  or  slope  from  which 
the  *head  *  was  derived.  It  is  as  a  consequence  not  to  be  taken  as  any  indication 
of  a  longer  lapse  of  time  between  the  elevation  of  the  beach  and  the  period  of 
glaciation  than  between  that  period  and  the  present  day.  On  the  contrary, 
the  occurrence  of  flints  in  the  beach  near  Clonaldlty  points  to  the  presence  of 
floating  ice  during  its  formation,  and  indicates  a  beginning  of  glacial  conditions 
even  before  the  commencement  of  the  elevation. 

In  Ballycroneen  Bay  a  section  of  more  than  usual  interest  is  exposed.  The 
*  head,'  which  here  rests  immediately  on  the  rock-ledge,  is  overlain  by  twodistiiict 
boulder-clays.  The  lower  of  these  contains  shell-migments,  chalk  flints,  and 
boulders  of  Wexford  and  Waterford  rocks,  and  is  obviously  the  boulder-clay  of 
the  Irish  Sea  Ice.  The  upper  is  the  ordinary  local  boulder-clay  of  the  district 
laid  down  by  the  ice  which  moved  from  west  to  east  over  Cork.  The  beach  is 
therefore  prior  to  both  these  ice-flows. 
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The  relative  stlccession  of  events  for  which  evidence  has  been  obtained  appeals 
to  have  been  as  follows: — 

1.  Land  higher  than  at  present — erosion  of  valleys  now  submerg^ed. 

2.  Land  depressed  to  about  eight  or  ten  feet  below  present  level — formation 
of  preglacial  rused  beach. 

8.  Elevation  of  land — accumulation  of  Wown  sand,  and  subsequently  of  lower 
'head.' 

4.  Advance  of  the  Irish  Sea  Ice  from  the  east  at  least  as  far  as  Power  Head, 
and  deposition  of  marly  bouldeiMjIay,  followed  by  advance  of  ice  from  West  Cork 
and  deposition  of  upper  *  local '  boufder»cIay. 

5.  Accumulation  of  uppeir '  head.' 

Finally  we  would  call  attention  to  the  complete  similarity  of  the  preglacial 
bcAch  to  that  of  Gower  in  South  Wales  described  by  Mr.  Tiddeman.  The  only 
difference  worthy  of  notice  is  the  apparent  absence  of  fossils  in  the  Cork  beach—- 
a  difference  which  is  easily  accounted  for  by  the  quantity  of  spring  water  which 
issues  along  the  platform  through  the  gravel  and  sand  of  the  beach. 


3.  Land  Shells  in  the  Infra-Glacial  Chcdkrubhh  at  Sewerby^  near 
Bridlington}    By  G.  W.  Lamplugh,  F.G.S, 

The  Chalk-rubble  which  underlies  the  glacial  drifts  of  Flamborough  Head  lias 
not  hitherto  been  known  to  contain  organic  remains.  In  a  recent  exposure  of  this 
material  on  the  foreshore  between  Bridlington  Quay  and  Sewerby  the  writer 
found  numerous  small  fragile  land-shells  contained  principally  in  intercalated 
streaks  of  brown  earth.  These  shells  belong  mainly,  if  not  entirely,  to  the  species 
Fupa  tmucorunif  Linn.  The  level  at  whicn  they  were  found  was  about  8  feet 
below  the  top  of  the  Sewerby  Infra-Glacial  Sea-beach,  and  the  Chalk-rubble  is 
known  to  descend  to  at  least  26  feet  below  this  level. 

The  rubble  usually  rests  directly  upon  the  Chalk,  but  at  Sewerby  it  overlies  the 
Infra-Glacial  blown  sand  whicb  is  banked  against  the  buried  cliff  of  chalk.  The 
presence  of  the  land-shells  proves  that  the  rubble  is  a  sub-aerial  rain-wash,  and  that 
it  was  formed  when  the  sea  stood  at  a  lower  level  than  when  the  Infra-Qlacinl 
Beach  was  deposited.  The  conditions  thus  indicated  are  strikingly  similar  to  those 
which  obtain  in  the  deposits  associated  with  the  Infra-Glacial  buried  shores  of 
South  Wales  and  co.  Cork,  where  the  old  marine  beaches  and  the  accompanying 
blown-sand  are  covered  by  local  rain-wash  or  *  head '  and  then  hy  boulder-clay. 

The  Chalk-rubble  at  Sewerby  contains  many  small  pieces  of  flint,  though  no 
flint  is  present  in  the  Chalk  within  two  miles  of  this  locality;  a  few  small 
fragments  of  yellow  grit  or  quartzite  foreign  to  the  neighbourhood,  along  with  one 
suhtngular  boulder  of  similar  rock  18  inches  in  diameter,  and  two  or  three  small 
decomposed  pebbles  of  basalt,  were  also  found  in  it.  Part  of  the  material  was 
probably  deposited  almost  immediately  before  the  glaciation  of  the  district. 


4.  Preliminary  Report  of  tJte  Committee  on  the  Estuarine  Deposits  at 
Kirmingtony  Liticolnehire, — See  Reports,  p.  218# 


5.  Report  of  the  Committee  on  Erratic  Slocks, — See  Reports,  p.  231. 


6.  Report  qftJie  Committee  to  Explore  Irish  Cat'CT.— See  Reports,  p.  183. 


*  The  full  text  of  this  paper  will  be  published  In  lV<?c,  YorJis.  G^el  andPobjtcch. 
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7.  Report  of  ike  Committee  on  Underground  Watere  of  North-toeet  Torhkvrt 

See  Beporto,  p.  192. 


8.  Report  qfthe  Committee  on  Geological  Photograpke. 
See  Reports,  p.  197. 


9.  On  the  Practical  Value  of  certain  Speciee  of  MoUuea  in  the  Cod 
[Meaeurei.    By  WhbbltoK  Hind,  3t.D.,  F.R.C.8.,  F.G.S. 


10.  RefHfrt  of  ike  Committee  on  Life  Zonee  in  the  Britieh  Cafhoniferout 
Rocke.^See  Beporta,  p.  185. 


11.  On   eome   Igneoue   Rocke   near    Weeton-super-Mare^   Somereetshin* 
By  W.  S.  BouLTOK,  B.Sc.,  A.R.C.S.,  P.G.S. 

The  IViper  dealt  with  a  suinmary  of  the  results  obtained  hy  the  author  after  t 
atndy  of  the  basaltic  lava  flow  in  the  earboniferoos  limestone  at  Spring  Cant 
Weston-super-Mare,  the  eyidenoe  for  the  contemporaneity  of  which  was  firat  pub- 
lished in  the  Summaiy  of  Progress  of  the  G^logical  Surrey  for  1898. 

After  referring  to  the  complex  character  of  the  flow,  and  its  relation  to  the 
carboniferous  limestone  beds  above  and  below,  with  the  contact  phenomena  and 
the  metasomatic  changes  in  the  limestone  subsequent  to  the  consolidation  of  Uie 
basalt,  three  characters  were  emphasised  and  described :  (1)  the  '  pillow '  struc- 
ture ;  (2)  the  tufiy  or  agglomeratic  structure  within  the  flow ;  (3)  the  included 
lumps  and  masses  of  limestone. 

In  general,  the  pillowy  masses.  themselTes  often  compound,  are  embedded  in 
a  tufly  material  of  the  nature  of  yolcanic  sand,  while  in  some  parts  great  loiticular 
bands  occur,  made  up  of  coarse  agglomerate,  containing  lumps  of  slaffgy  basalt  and 
limestone,  and  with  a  pronounced  fluxional  structure.  In  au  cases  the  tofl;  within 
the  limits  of  the  sheet,  behayes  as  a  laya  and  has  flowed,  and  was  not  the  result 
of  sedimentation. 

Illustrations  were  shown  of  irregular  masses  of  oolitic  and  fossiliferons  lime* 
stone  up  to  12  feet  across  in  between  the  spheroidal  masses  of  basalt,  and  eyideuce 
was  adauced  to  show  tiiat  this  included  limestone  was  derived  from  ^e  underljriog 
calcareous  floor^  when  a  sea-bottom,  probably  in  a  powdery  or  pkstic  oonditicni, 
and  was  rolled  m  or  picked  up  hj  the  lava,  and  was  able  to  accommodate  itself  in 
between  the  moving  and  distending  spheroidal  masses. 

In  conclusion,  reference  was  made  to  other  pillowy  lavas  containing  sedi- 
mentary material,  and  the  author  emphasised  the  mfficulty  of  distinguishing  sudi 
submarme  flows  from  sills  or  intrusive  sheets,  where,  as  Professor  Lapworth  hat 
suggested,  we  may  get  tufis,  lava,  and  included  masses  of  sedlmentuy  material 
confusedly  mixed  and  drawn  out  into  lentides  as  here  described. 


iiONBAY,  SEPTEMBER  14. 
The  following  Papers  and  Keport  were  read : — 

L  On  Dedotomitieation.    By  J.  J.  H.  TfiALL,  J/^ul.,  P.RJS.f 
Director  of  the  Geological  Survey. 

The  Durness  dolomites  as  they  approach  the  plutonic  complex  of  Cnoc-na-Sroins 
become  transformed  into  a  white  marble  which  generaUy  coutsins  one  or  more  of 
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the  following  mmerals:  fonterite,  or  serpentine  after  foraterite,  tremolite, 
diopeide,  and  brucite.  The  dominant  carbonate  of  the  marble  is  calcite,  but 
dolomite  occurs  in  variable  quantity.  The  amount  of  dolomite  decreases  as  the 
total  amount  of  the  magnesian  nlicatee  and  brucite  increases.  The  original 
dolomite* contains  a  variable  amount  of  silica  in  the  form  of  chert. 

AVhen  the  altered  rocks  are  examined  under  the  microscope  it  is  seen  that 
forsterite,  serpentine,  and  tremolite  are  invariably  associated  with  caldte,  but 
that  diopside  is  sometimes  associated  with  dolomite.  These  facts  of  paragenesis 
can  be  easily  accounted  for  if  we  assume  that  the  silica  of  the  original  dolomitic 
rock  has  combined  with  the  bases  of  the  carbonate,  and  preferably  with  the 
magnesia,  for  diopside  is  rare.  Thus  forsterite,  a  magnedan  rilicate,  cannot  have 
been  formed  in  the  dolomite  without  the  liberation  of  lime,  and  consequently  we 
find  either  detached  crystals  of  forsterite  surrounded  by  aureoles  of  calcite  in 
a  matrix  of  dolomite,  or,  when  forsterite  is  abundant,  a  simple  a^mpgate  of 
forsterite  and  calcite ;  the  formation  of  tremolite  in  which  the  ratio  of  CaO  :  MgO 
is  1  :  8  also  implies  the  separation  of  lime  from  magnesia ;  and  it  is  invariably  found, 
like  the  forsterite,  in  direct  contact  with  calcite.  But  in  diopside  the  ratio  of 
CaO  :  MgO  is  the  same  as  in  dolomite ;  so  that  in  accordance  with  the  principles 
above  explained  we  should  expect  to  find  these  two  minerals  in  contact,  and  this 
has  been  observed. 

The  above  facts  clearly  point  to  the  conclusion  that  the  cherty  dolomites  have 
been  dedolomitised  by  the  formation  of  magnesian  silicates.  Carbonic  acid  has 
been  driven  off,  but  the  ratio  of  the  bases  has  not  been  disturbed.  The  ratio  of 
OaO  :  MgO  in  the  altered  as  in  the  unaltered  rocks  is  approximately  1:1. 

But  dedolomitisation  has  also  been  produced  in  another  way.  Certain 
Tarieties  of  the  marble  are  composed  of  calcite  and  brucite.  The  brucite  is  pro- 
bably a  pseudomorph  after  periolase,  just  as  the  serpentine  is  a  pseudomorph  after 
forsterite.  We  are  therefore  compelled  to  conclude  that,  under  the  conditions 
which  prevailed  during  the  intrusion  of  the  plutouic  rocks,  the  carbonic  acid  freed 
itself  more  readily  from  the  magnesia  than  from  the  lime ;  thun,  in  the  absence  of 
silica,  giving  rise  to  the  formation  of  peridase  and  converting  the  original  dolomite 
into  an  aggregate  calcite  and  periclase,  the  latter  mineral  subsequently  being 
changed  to  brucite.  The  resulting  rock  is  identical  with  the  well-known  predazzite 
of  the  Tyrol,  which  was  probably  formed  in  a  similar  way. 


2.  FasM  Floras  of  South  Africa.    By  A.  C.  Sewabd,  F.R.S. 

1.  Uitenhage  Flora. — The  plants  from  the  Uitenhage  series  of  Cape  Coloiiv 
include  types  diaracteristic  of  Wealden  and  others  more  closely  allied  to  Jurassic 
species.  On  the  whole  there  is  a  balance  of  evidence  in  favour  of  a  Wealden 
horizon. 


Onyehiopsti  ManteUi  (Brongn.) 
CladophlelnM  Brattmiana  (Dunk.) 
CladophUbtB  denticulata  (Brongn.) 

forma  Atherstonei, 
SphenopterU  Fittom,  Sew. 

?ohen<^eris  s^, 
'aniopterU  sp. 
Zamites  recta  (Tate>. 
Zatmtes  Morrim  (Tate). 
Zamites  africana  (Tate). 
Zamttei  Mubidgei  (Tate). 
NUucma  Tatei  sp.  nov. 


Oycadolepii  Jenkinnana  (Tate). 
Benstedtia  sp.   (cf.   Qmiferocaulon 

Colutnbe€e/6rme,  Fliche), 
Carpolithes  sp. 
Araucarites  Boffe)*$i  sp.  nov. 
Taxites  sp. 
Brachyphyllum  sp. 
Conites  sp.  a  .  ^ 
Comtek  sp.^./ 
Coniferous  wood. 
Planta  inoerta  $edi$. 


2.  Stormberg  JFWa.-^The  plants  from  the  Stormberg  series  point  to  a  flora  of 
Rhsetic  age.  The  Rhntic  vegetation,  of  which  remnants  have  been  recorded  from 
Scania,  Franconia,  and  other  parts  of  Germany,  North  America,  N^w  Me;rioo, 
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Honduras,  Tonkin,  China,  Turkestan,  India,  Australia,  South  America,  and  eho> 
whore,  was  characterised  by  its  uniform  character  throughout  the  world. 


Schizoneura  Krasseri  sp.  nov. 
Strobolitea  sp. 

Thinnfeldia  odonopteroide$  (Morr.) 
Thinrtfeldia  rJiomboidalis,  Ett. 
Cladophlebts  sp.  (Feistmantel). 
CalUptcridium  atormbergense  sp.  nov. 
Teaniopteris       Carrutkersif      Ten.- 
Woods. 


Chiropteris  cuneata  (Carr.) 
Chiropteris  ZeiUeri  sp.  nov. 
Baiera  sionnberffensis. 
Baiera  Schencki,  Feist. 
PJuenicopsU  dongatus  (Morr.) 
Stenopteris  elongata  (Carr.) 


3.  PennO'Carbo7iiferou8  Flora  of  Vereemging. — The  conclusion  to  be  dnwa 
from  the  Vereeui^ng  plants  is  that  they  belong  to  a  flora  which  flourL>lied  in 
South  Africa,  India,  South  America,  and  Australia  during  some  portion  of  the 
Permo-Carboniferous  epoch.  On  the  whole,  it  would  seem  probable  that  the  ag« 
of  the  plant-beds  corresponds  most  nearly  with  the  Upper  Carboniferous  period  as 
represented  in  Europe.  It  is  of  necessity  difficult  to  attempt  to  expr^a  the 
geological  age  or  homotaxy  of  South  African  beds  in  terms  of  the  geological 
chronology  of  the  Northern  Hemisphere,  but  the  close  correspondence  of  some  of 
the  Vereeniging  types  with  Indian  aud  South  American  species  points  to  their 
correlation  with  tne  Karharbari  beds  of  the  Lower  Gondwana  system.  The 
occurrence  of  such  types  as  Sigillaria,  BothrodeTidrorif  and  Psygmophylltan  shows  a 
closer  correspondence  between  the  South  African  flora  and  that  of  the  Northen 
Hemisphere  than  occurs  in  the  Indian  vegetation.  We  have  evidence  of  an  over- 
lapping or  commingling  of  the  northern  and  southern  botanical  provinces  in  Soutk 
Africa  and  in  South  America  that  is  not  afforded  by  the  Lower  Gondwana  floras 
of  India  and  Australia. 


Glossopteris  Browntana,  Brongn. 

Under  this  head  may  be  included — > 
at  least  for  present  purposes — 
G.  indica  and  G,  angustifolia, 
Gangamopteris  cyclopteroidea^  Feist. 
SpJienopteris  sp. 
Neuropteridium  validunij  Feist. 


Psygrrwphyllutm  Ktdstoni  sp.  dot. 
Sigillara  Brardi,  Brongn. 
Bothrodendron  Leslii  sp.  nov. 
Naeggerathioptis  Hi$lopij  Bunh. 
Conites  sp. 
Cardiocarpus  sp. 
Phgllotheca  sp. 
Schizoneura  sp. 


A  detailed  acbount  of  the  above  species  will  be  published  in  a  forthcoming 
volume  of  the  Annals  of  the  South  African  Museum.*  The  writer  is  indebted  to  the 
officers  of  the  (reological  Survey  of  Cape  Colony  for  the  opportunity  of  examining 
the  collections  from  which  these  lists  have  been  compiled. 


3,  On  a  Carboniferous  Acanthodian  Fishy  Gyra-canthides. 
By  A.  Smith  Woodwabd,  LL,D,,  F.E.S. 

The  author  exhibited  and  described  a  restored  drawing  of  Gyraeanthides  from 
the  Carboniferous  of  Victoria,  Australia.  The  fossil  had  pectoral  fin-apinea  modi 
like  those  named  Gyracanthvs  from  the  Carboniferous  of  the  northern  hemisphere, 
but  these  spines  lacked  posterior  denticles.  The  fish  was  either  toothless  or  with 
minute  teeth  which  had  escaped  observation.  It  was  covered  with  dense  shaffxeen, 
but  there  were  no  enlarged  plates  round  the  eyes.  The  body  was  depressed  and 
broad  in  front,  with  a  small  and  not  very  stout  taiL  The  pectoral  fins  were 
relatively  large,  with  almost  sickle-shaped  spines,  while  the  pelvic  fins  were  rather 
small,  with  straighter  spines,  and  situated  very  far  forwaitls.  There  were  two 
pairs  of  peculiar  free  spines  near  the  base  of  the  pectoral  fins.  The  two  dorsal 
fins  and  the  anal  fin  were  provided  with  much  smaller  spines.     Cfyracanthides  was 
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evidently  one  of  the  most  highly  speoialLsed  Acanthodians,  and  showed  that  among 
these  primitive  fishes,  as  among  modern  Teleosteans,  there  was  a  tendency  for  the 
pelvic  pair  of  fins  to  become  displaced  forwards  in  the  higher  types.  The  author 
had  already  described  the  same  phenomenon  in  the  typical  family  Acanthodido). 


4.  On  some  Dinoaaurian  Bones  from  South  Brazil, 
By  A.  Smith  Woodward,  LL,D,y  FMM, 

The  author  had  received  from  Professor  II.  von  Jhering  a  few  cervical  vertebrae 
and  phalangeal  bones  of  a  reptile  discovered  by  Dr.  Fischer  in  red  rocks  in  the 
province  of  Rio  Grande  do  Sul,  Brazil.  He  described  these  remains,  and  suggested 
that  they  belonged  to  a  short-necked  Dinosaur.  The  ungual  phalanges  were 
especially  remarkable,  apparently  unique,  in  being  deeply  concave  on  their  inferior 
face  and  having  a  very  sharp  rim.  Comparison  seemed  to  show  that,  among  known 
Dinosaurs,  the  cervical  vertebra}  most  closely  resembled  those  of  Euskelemurus 
from  the  Karoo  Formation  of  South  Africa.  The  newly  discovered  bones  were 
therefore  probably  the  first  traces  of  the  Gondwana-land  terrestrial  fauna,  the 
discovery  of  which  had  long  been  expected  in  South  America. 


5.  On  Polyzoa  as  Bock-cementing  Organisms* 
By  J.  LoMAS,  AM.C.S.y  F.G.S. 

Among  the  specimens  of  sea-bottoms  recently  brought  from  the  Gulf  of  Mauaar 
by  Professor  Ilerdman  were  about  twenty  samples  of  'calcretes.'  They  were 
broken  oft*  by  pearl  divers  from  the  parent  masses  which  form  rocky  platforms, 
locally  called  *  paars,'  in  many  parts  of  the  gulf.  They  all  occur  in  shallow  water 
at  depths  varying  from  2J  to  10  fathoms. 

The  majority  of  the  specimens  were  sandstones  cemented  by  carbonate  of  lime, 
hut  occasionally  compact  limestones,  sometimes  phosphatic,  and  coral  rock  were 
brought  to  the  surface. 

All  the  stones  were  thickly  incrusted  with  organisms  such  as  polyzoa,  nulli- 
pores,  worm  tubes,  sponges,  &c. 

While  the  importance  of  nullipores  as  agents  in  binding  grains  of  sand  has 
been  recognised,  the  work  of  polyzoa  has  not  hitherto  been  recorded.  The  thin 
calcareous  walls  of  polyzoa  so  readily  break  up  and  lose  their  structural  characters 
that  it  is  only  when  very  recent  samples  are  at  hand  we  can  obtain  criteria  which 
determine  their  former  presence. 

On  examining  a  thin  slice  of  calcrete  with  recent  colonies  on  the  outside  we 
find  the  surface  layer  shows  sections  of  the  cells  arrayed  like  bricks  in  a  wall  and 
containing  the  zooid  in  the  interior.  The  spines  and  avicularia  bordering  the  cells 
entrap  and  I'etaiu  sand  grains  drifting  over  them,  only  retaining  those  which  fit 
into  the  spaces  they  provide.  Thus  a  sifting  takes  place,  and  we  see  above  the 
outer  layer  of  cells  grains  of  sand  and  foraminifera  of  fairly  uniform  size  caught  in 
the  manner  described.  The  cells  forming  the  next  layer  below  are  nearly  all  filled 
with  grains :  the  base  and  side  walls  are  complete,  but  the  top  covering  has  broken 
down  tc  admit  the  sand  grains,  carrying  with  it  the  thin  calcareous  wall  and  the 
chitinous  operculum.  Several  layers  of  this  kind  succeed  towards  the  interior,  but. 
as  we  proceed  further,  the  walls  become  less  prominent  owing  to  secondary  calcite 
being  denosited,  which  grows  in  tiny  scalenohedra  towards  the  interior  of  the  cells, 
and  finally  fills  up  all  the  corners  and  other  spaces.  When  this  stage  has  been 
reached  we  only  nave  a  thin  dark  line  marking  the  junction  of  the  double  side 
walls,  the  roughly  linear  arrangement  of  uniform  grains  and  occasional  remains  of 
the  chitinous  opercula  to  indicate  the  former  presence  of  polyzoa 

Further  towards  the  interior  ot  a  thick  block  even  these  guides  become  less 
distinct;  but  the  grains  still  retain  a  rudely  linear  arrangement,  and  cells  which 
escape  being  occupied  by  a  grain  are  filled  with  calcite. 
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NuUipores  also  endow  land  grainB  in  their  stonj  tisftuee,  but  tbej  are  spo* 
radio  in  their  arrangement,  and  can  readily  be  dif  tingoiihed  £n)m  those  cemented 
by  polyzoa. 

In  some  caeee  alternate  growthi  of  nulliporee  and  polysoa  colonies  give  both 
types  in  the  same  section. 

Some  of  the  blocks  of  calcrete  brought  ud  were  of  large  size,  2  or  3  feet  in  dia* 
meter ;  and  these  are  but  samples  of  the  rocks  now  being  formed  which  extend  in 
some  of  the  paars  orer  a  distance  of  many  miles. 


6.  On  the  Igneous  Bocks  of  the  Bertcyne, 
By  T.  H.  OoPE  and  3.  LoiCAS. 

Owing  to  cross  folding  a  dome-like  structure  has  been  impressed  on  the  Ber- 
wyns.  From  the  axis  which  lies  about  Llanrhaiadr-yn-Moconant  and  Craig-y- 
Glyn  the  beds  dip  outwards  on  every  side.  The  arch  of  the  dome  has  been 
denuded,  so  that  we  get  shales  and  limestones  of  Llandeilo  age  occupying  the 
central  area,  while  slates,  grits,  and  limestone  of  Bala  age  form  an  almost  con- 
tinuous ring  of  hills  on  the  margins. 

Igneous  rocks  are  associated  with  the  sedimentaries.  Three  bands  in  the  peri- 
pheral series  can  be  traced  continuously  for  a  distance  of  thirty  miles  from  the 
Mountain  Limestone  beds  which  overlap  the  series  on  the  east,  throu^  the  hills 
above  Oorwen  and  Bala  to  the  Vymwy  watershed.  A  fourth  band  alM  occurs  in 
this  series  about  Llanarmon. 

In  the  central  area  other  igneous  rocks  are  exposed,  generally  of  a  more  add 
type. 

The  igneous  series  have  been  regarded  as  contemporaneous  voles  nic  ashes,  and 
recorded  as  such  in  the  Survey  maps.  We  have  failed '  to  find  any  instance  of 
undoubted  contemporaneous  action,  and  regard  all  the  igneous  as  intrusive.  In 
places  they  are  seen  to  cut  across  the  sedimentaries  at  right  angles  to  the  strike. 

In  this  paper  we  only  deal  with  a  small  part  of  the  peripheral  series  as  dis- 
played about  Llansantfiraid-Glyn-Ceiriog  where  the  river  Ceiriog  in  cutting  a  deep 
gorge  across  the  strike  of  the  beds  has  exposed  msgnificent  sections. 

Sheet  No,  I.— The  outermost  bed  is  well  seen  in  the  quarries  at  Coed-y-Olyn, 
on  the  west  side  of  the  valley,  and  in  a  small  cutting  on  the  hillside  on  the  east 
side.  It  is  46  feet  thick  on  the  level  of  the  road,  but  thins  out  rapidly  to  the 
north,  AS  at  a  short  distance  away  it  only  measures  28  feet.  Baked  slates  lie  in 
contact  on  both  its  upper  and  lower  surfaces. 

The  rock  consists  of  a  felted  aggregate  of  felspar  microliths,  and  is  aphanitic  in 
texture.  The  upper  margin  for  5  feet  and  the  lower  part  for  2  feet  are  amygda- 
luidal.  Near  the  upper  surface  the  microscope  reveals  flow-brecciation,  br&en 
fragments  of  the  rock  lying  in  a  bond  of  grey  translucent  chalcedony. 

SJieet  No,  2. — This  band,  about  165  feet  thick,  has  been  quarried  extenrively  on 
the  face  of  the  steep  crags  overlooking  Pandy,  at  Cae  Deicws,  and  in  the  laigB 
qusrry  opposite  Ooed-y-QIyn.  Indurated  slates  and  grits  border  the  sill  on  both 
surfaces,  and  large  masses  of  slate  occur  as  inclusions.  A  band  of  white  rock  of 
very  varying  thickness  occupies  the  middle,  which  under  the  microscope  shows 
large  idiomorphic  quartz  and  orthoclase  felspar  crystals  in  a  felsitic  ground  mass. 
The  margins  are  intensely  sheared,  grey  in  colour,  and  include  a  great  number  of 
slate  and  limestone  fragments  along  with  angular  pieces  of  the  white  undeaved 
central  portion. 

Sheet  No.  8. — ^This  sheet  is  well  seen  in  Coed  Errwgerrig  and  can  be  traced 
across  the  bed  of  the  river  to  the  east  side  of  the  valley  at  Cwm  Glwyd.  l!\liile  the 
main  mass  resembles  Sheet  No.  3  in  composition,  it  includes  fragments  of  quartz 
felsite,  felsite  breccias,  and  nodular  rhyolites  arranged  in  paralld  oands. 

It  is  190  feet  thick,  and  has  caused  intense  metamorphic  action  on  the  grits 
above  and  slates  below. 

Sheet  No.  4  is  best  seen  at  Ilendre  Quarry,  where  it  is  worked  extensiTdy,  and 
locally  known  as  the  Glyn  *  Granite.* 
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It  18  an  analdtd-diabase,  96  feet  thick,  of  coarse  texture  in  the  middle  and 
finer  grained  towards  the  margins.  The  slates  in  contact  are  converted  into  com- 
pact spotted  slate. 

Intrusions  of  similar  age  and  alnost  identical  character  have  been  described 
from  Counties  Donegal,  Armagh,  Wicklow,  and  other  parts  of  Ireland,  and  a 
close  parallelism  can  be  drawn  l^tween  these  rocks  and  those  in  the  Berwyns. 
The  intrusions  of  Sheets  Nos.  1,  2,  and  3  probably  date  from  the  interval  between 
the  deposition  of  the  Bala  series  and  the  overlying  slates  and  grit<s  of  Wenlock 
age.    No.  4  may  be  of  a  later  date. 


7.  The  Llanvim  Beds  in  Ca/marvonahire,    By  W,  G.  Fbabnsides.^ 

The  author  gave  a  brief  account  of  the  occurrence  of  beds  with  tuning-fork 
grraptolites  from  the  following  new  localities  in  Carnarvonshire,  which  practically 
encircle  the  west  and  south-west  sides  of  the  so-called  Snowdon  Syncline: — 
(1)  100  yards  N.  of  the  house  Tan-y-rhiwau,  ^  mile  E.  of  Criccieth ;  (2)  50  yards 
S.E.  of  farm  Llewyn-y-mafon-uchaf,  1  mile  S.E.  of  Dolbenmaen ;  (3)  100  yards 
N.  of  bridge  over  Dwyfawr,  1  mile  N.  of  Llanfihangel-y-pNennant ;  (4)  200  yards 
from  outlet  of  Llyn-cwm-dulyn  on  both  sides  of  lake  ;  (5)  tips  from  mine  workings 
near  Ffald,  2  miles  S.  of  NantUe ;  (6)  manffanese  workings  near  Llyn-cwm-eilvn ; 
(7)  and  also  in  Cwm  Tal-y-mignedd ;  (8)  gully  on  S.  side  of  Llyn  Cwellyn, 
800  yards  N.W.  of  river  entry ;  (9)  Snowdon  Ranger  Hotel ;  (10)  bifurcation  of 
paths  to  Llanberis  and  Snowdon  from  Snowdon  Ranger  Hotel;  (11)  Bwlch-y- 
maes-cwm  and  the  flanks  of  Moel-cynghorion  and  of  Moel-goch  for  about  a  mile 
from  the  Bwlch;  (12)  Cwm  Brwynog,  1  mile  N.  of  Bwlch-y-cum-brwynog ; 
(13)  slate  quarry  trial  about  200  yards  N.W.  of  the  halfway  house  on  the 
Snowdon-Llanberis  track. 

8.  On  the  Fossil  Flora  of  the  Ardwick  Series  of  Manchester, 
By  E.  A.  Newell  Arber,  M,A,,  FL,S.y  F.G.S. 

The  Ardwick  Series  of  Manchester  forms  the  highest  portion  of  the  Coal- 
measures  of  the  great  Soutb  Lancashire  Coal-field.  The  plant  remains  in  the 
shales  associated  with  the  Spirorbis  Limestones  of  this  series  have  been  already 
mentioned  or  described  by  Williamson,  Salter,  and  especially  by  the  late  E.  W. 
Binney.  A  revision  of  these  records  has  been  recently  undertaken  with  a  view  to 
determining  the  true  position  of  the  Ardwick  Series  in  the  Coal-measures  as  indi- 
cated by  the  character  of  the  flora.  For  this  purpose  Binney's  collection,  now  in 
the  Sedgwick  Museum,  Cambridge,  has  been  re-examined,  .and  several  further 
identifications  have  been  made.  The  flora  is  found  to  belong  to  a  palseobotanical 
horizon  known  as  the  Upper  Transition  Series,  which  is  antecedent  to  the  true 
Upper  Coal-measures,  and  which  is  represented  in  several  English  and  Welsh 
Coal-fields.  The  Lower  Pennant  Grits  in  the  South  Wales,  and  the  New  Rock 
and  Vobster  Series  in  the  Somersetshire  Coal-fields  belong  to  thb  horizon^ 


9.  Report  of  the  Committee  on  the  Fauna  and  Flora  of  the  Trias  of  the 
British  Isles.—See  Reports,  p.  219. 


10«  On  the  Base  of  the  Keuper  in  South  Devon.    By  Alex.  Sohbbvail. 

The  autbor,  while  appreciating  and  agreeing  with  the  work  of  Dr.  Irving  and 
Professor  Hull  ^  on  *  The  Red  Rocks  of  Devon,'  takes  exception  to  one  point  relating 
to  the  case  of  the  Keuper. 

*  The  Paper  will  be  published  in  full  in  the  Geological  Magazine^ 
»  ^ar,  Jtmr,  Geol,  Sac,  vols,  xliv,,  xlviii,  and  xlix. 
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Both  of  these  ohsenrers  agree  in  regarding  certain  breccias  oocurrmg  at  the 
mouths  of  the  rivers  Otter  and  Sid  as  the  base  of  the  Eeuper,  the  former  of 
which  the  author  accepts.  The  latter  is  explained  as  bein^  the  same  brecciaa 
again  brought  up  by  the  fault  at  the  Chit  Rock. 

The  writer  regards  the  Sid  section  as  on  a  far  higher  horizon  than  the 
Otterton  one  for  the  following  reasons : — The  Otterton  breccias  are  overlaid  by  a 
great  thickness  of  sandstones  seen  between  Otterton  Point,  Ladrum  Bay,  the  base 
of  High  Peak  Hill,  and  even  further  east. 

The  fault  at  the  Chit  Rock  only  brings  up  the  upper  portion  of  these  sand- 
stones, the  highest  portions  of  which  are  contmued  to  the  east  side  of  the  Sid. 

The  alleged  river  Sid  breccias  here  have  no  occurrence ;  they  are  only  the 
uppermost  beds  ot  the  red  nobbly  or  concretionary-like  sandstones  which  ar«s 
almost  immediately  overlaid  bv  the  Keuper  marls. 

l^tween  these  alleged  Sid  breccias  and  the  Otterton  breccias  there  should 
intervene  about  150  feet  or  more  of  the  mottled  or  current-bedded  sandstones  se^n 
in  the  localities  already  referred  to. 


TUESDAY,  SEPTEMBER  15. 
The  following  Papers  were  read : — 

1.  On  the  Disturbance  of  Junction  Beds  froin  Differential  Shrinkage  and 
similar  Local  Causes  during  Consolidation,  By  G.  W.  Lamplugh, 
F.G.S. 

Upon  returning  to  the  investigation  of  comparatively  imdisturbed  Mesozoic 
strata  after  having  studied  distortion-structures  produced  by  earth-movement  ic 
Older  Palaeozoic  rocks,  the  author's  attention  has  been  frequently  arrested  by  local 
disturbances  of  the  original  bedding  which  cannot  be  assigned  to  the  agency  of 
deep-seated  earth-movement,  but  are  clearly  due  to  minor  stresses  arisii^  from 
some  local  cause  in  tracts  limited  in  extent  ooth  horizontally  and  vertically. 

These  disturbances  are  most  noticeable  where  thin  bands  of  one  kind  of 
material  are  imbedded  in  thick  deposits  of  another  kind,  and  along  the  junctions 
where  thick  masses  of  different  lithological  character  occur  in  stratigraphical 
sequence. 

Examples  of  the  first-mentioned  condition  are  abundant  in  the  Hastings  beds 
of  the  Wealden  formation,  where  thin  layers  of  clay  or  shale  interbedded  with 
thick  sands  and  sandstones  are  often  disrupted  into  irregular  patches  and  partly 
mixed  with  the  enclosing  sands.  The  second  condition  is  frequently  illustrated  in 
junctions  of  the  Lower  Greensand  with  underlying  clays,  where  strips  have  been 
torn  from  the  irregular  surface  of  the  clay  and  dragged  up  for  a  few  inches  into 
the  sands,  as  was  seen  in  the  recently  widened  railway  cutting  at  Kedhill  and  in 
the  pit-sections  at  the  Dover  Colliery.  Similar  effects  have  often  been  supposed 
to  denote  the  breaking-up  of  the  surface  below  the  junction  by  erosive  agencies, 
but  this  explanation  is  rarely  adequate. 

While  some  of  these  local  disturbances  may  have  boen  caused  by  unequal 
loading  within  limited  basins  of  sedimentation,  in  the  manner  discussed  by 
E.  Keyer,^  the  author  is  of  opinion  that  in  most  cases  they  may  be  assigned  to 
local  stresses  resulting  in  part  from  the  differential  contraction  of  sediments  of 
diverse  composition  while  losing  their  water  of  sedimentation,  and  in  part  from 
their  unequal  yielding  under  equal  superincumbent  load.  Masses  of  peat,  aand, 
clay  and  calcareous  sediments  accumulated  under  normal  conditions  must  pass 
from  the  wet  state  to  the  consolidated  or  partly  consolidated  state  with  different 
time-rates  and  with  different  physical  results;  and  we  may  expect  to  find  signs  of 
local  tension  and  readjustment  along  the  boundaries  of  such  masses. 

In  thick  wedges  of  strata  which  thin  out  rapidly,  as,  for  example,  in  the 

»  K.  K,  Qeol.  Bewhsamtalt  Wien;  Jahrhueh,  xxxi,  1881,  pp.  iZUiii, 
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Triassic  rocks  of  many  localities  and  the  Wealden  and  Lower  Greensand  of  the 
south  of  England,  differential  shrinkage  may  he  responsihle  for  many  of  the 
amaller  Tertiod  displacements  by  which  the  beds  are  readjusted.  Faults  are  some- 
times found  to  dwindle  and  die  out  downward,  and  in  certain  cases  these  may  be 
explicable  as  the  result  of  unequal  contraction  in  masses  of  irregular  thickness. 


3,  On  some  Contorted  Strata  occurring  on  the  Coast  of  Northumberland, 
J5y  J.  G.  GooDCHiLD, 


3,  Sonie  Facts  bearing  on  the  Origin  of  Ertiptive  Hods, 
By  J.  G.  GooDCHiLD. 

The  author  exhibited  a  number  of  photographic  slides  in  order  to  demonstrate 
that  intrusive  masses,  as  a  rule,  replace  their  own  volume  of  the  rocks  they  invade 
and  do  not  cause  displacement  to  any  important  extent.  Hughes,  and  also  Clough, 
had  already  published  evidence  to  the  same  effect.  Several  of  the  hand-specimens 
that  had  been  photographed  were  exhibited  at  the  Meeting.  In  the  course  of 
nearly  forty  years'  field  experience  he  had  never  met  with  any  intrusive  rock  whoso 
mode  of  occurrence  could  not  be  explained  by  the  theory  that  the  rocks  in  question 
had  been  substituted  for  those  whose  place  they  had  occupied.  The  older  rocks 
had,  obviously,  been  gradually  removed,  and  the  newer  ones  nad  been,  concurrently, 
lefl  in  their  place.  He  thought  that  it  was  only  in  those  cases  in  which  the  pressure 
to  be  overcome  had  been  below  a  certain  (unknown)  amount  that  actual  displace- 
ment occurred.  This  might  happen  where  a  viscid  ma^ma  was  being  forced  into 
the  loose  materials  in  the  outer  parts  of  a  volcano.  These,  however,  are  the  parts 
of  a  volcano  which  rarely  survive  subsequent  geological  changes. 

The  mode  of  attack  of  the  erosive  magma  was  next  illustrated  by  a  series  of 
views  representing  various  unfinished  stages  in  the  process.  These  demonstrated 
that  the  intruding  magma  ate  its  way  along  any  divisional  planes  in  the  rock 
invaded,  and  by  physico-chemical  processes  the  advancing  wedges  enlarged  and 
extended  forward,  solely  by  peripheral  solution,  which  ended  by  surrounding  the 
part  attacked  by  the  fluid  magma,  and  thus  permitting  the  detached  portions  to 
float  into  the  trunk  stream. 

Further  stages  in  the  process  of  mastication,  digestion,  and  assimilation  were 
shown  by  other  slides,  as  well  as  by  specimens  exhibited  at  the  Meeting. 

Three  or  four  slides  of  pseudo-dykes  and  sills  were  shown.  These  occur  within 
fragmentary  materials  of  volcanic  origin.  He  considered  that  these  clastic  rocks 
liad  been  softened  in  place  and  had  subsequently  reconsolidated  in  the  massive 
form  without  change  of  position. 

Finally,  to  account  for  the  facts,  he  advanced  the  hypothesis  that  the  chief 
agent  concerned  in  bringing  about  these  changes  was  water  operating  under 
pressure  and  at  a  moderately  high  temperature,  in  which  were  held  in  solution 
the  substances  dissolved  in  sea-water.  These  underwent  concentration  by  the 
action  of  volcanoes,  and  in  that  state  were  competent  not  only  to  dissolve  the 
constituents  of  rocks,  but  to  add  to  sedimentary  or  other  rocks  the  substances  in 
which  their  composition  is  deficient  as  compared  with  that  of  the  eruptive  rocks. 
81ow  diffusion  and  a  circulatory  movement  of  the  whole  magma  equalised  the 
composition  of  the  compound.  He  thought  that  the  sedimentary  rocks  thus 
aflfected  could  furnish  the  materials  for  those  rocks  in  which  felspar  containing 
lime  and  soda  predominate,  while  the  acid  series  might  have  arisen  in  like 
manner  from  the  solution  of  the  granitic  foundation  of  the  Earth's  Crust. 
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4.  On  a  Po$$ihl6  Came  of  the  Lethal  Effects  produced  by  the  Duet  emiUtd 
during  the  Recent  Volcanic  Eruptions  in  the  West  Indies,    By  J.  G« 

OOODOHILD. 

When  Yolcanic  materialB  are  expelled  into  tbe  air  in  the  form  of  either  lara 
streams  or  ejected  fraipients,  some  of  their  component  minerals  may  he  in  a 
chemical  state  in  which  they  are  capable  of  combining  with  a  higher  percentage 
of  oxygen  than  they  contained  when  th«)y  left  the  yolcuiic  Tent.  Two  resnhi 
would  follow  from  such  oxidation--one  hein^  the  rise  of  temperature  due  to  the 
heat  of  combination,  the  other,  correlative  to  it,  an  abstraction  of  oxygen  from  the 
surrounding  atmosphere  proportionate  in  amount  to  the  surfiu^  acted  upon. 

In  the  cases  in  which  a  large  quantity  of  finely  divided  material  in  a  more  or 
less  pumiceous  state  is  suddenly  discharged  into  the  air  the  aggregate  aurfaoe 
exposed  to  the  atmosphere  must  be  extremely  large,  and  it  appears  likely  that  a 
(quantity  of  oxygen  proportionately  great  may  be  abstracted.  The  loss  of  oxygen 
is,  of  course,  soon  made  good  by  diffusion  from  the  areas  around ;  but,  for  the  time 
being,  it  appears  possible  that  the  air  carried  forward  along  with  heavy  diachuirea 
of  yolcanic  dust,  such  as  were  ejected  during  the  late  eruptions  in  the  West  Indiety 
may  have  sustained  their  initial  temperature  for  some  time  through  oxidation, 
and  may  consequently  have  raised  the  temperature  of  the  surrounding  air  to  a 
very  high  point.  Furthermore,  the  abstraction  of  so  large  a  quantity  of  oxygen 
may  have  also  helped  to  mako  the  air  around  the  stream  of  dust  unsuitable  for  the 
support  of  life,  

5.  Notes  on  the  MetaUi/erous  Deposits  of  the  South  of  Scotland, 
By  J.  G.  GooDCHiLD  and  Wilbbrt  Goopchild,  M,B. 


6.  Notes  on  the  Glacial  Drainage  of  the  Forest  of  Rossendale, 
By  A.  JowBTT. 


7.  A  Theory  of  the  Origin  of  Continents  and  Ocean  Basins, 
By  William  Mackib,  M,A,,  M.D. 

Whatever  the  conditions  at  present  obtaining  in  tbe  interior  of  the  earth,  it 
is  naturally  supposed  to  have  originally  passed  through  a  stage  in  which  the 
conditions  would  be  represented  by  a  solid,  or  potentially  solid,  nucleus,  a  slowly 
forming  and  slowly  thickening  acid  crust,  with  a  liquid  and  more  or  less  basic 
interstratum.  At  first  the  crust  would  be  sufficiently  flexible  to  accommodate 
itself  to  the  tidal  movements  of  the  subjacent  liquid  interstratum,  but  when  it 
became  too  rigid  to  admit  of  this  tidal  movement  it  would  be  broken  up,  the 
fracture  probably  following  certain  fairly  defined  and  assignable  lines.  It  is 
argued  that  the  fragments  would  not  have  'gone  under,' but  would  have  remained 
with  their  surfaces  at  a  considerably  higher  level  than  the  surface  of  the  magma, 
and  have  become  so  fixed  by  consolidation  of  the  magma  around  them. 

It  is  suggested  that  the  first  great  breach  in  the  crust  followed  the  outline  of 
Ihe  tidal  protuberance,  and  was,  m  all  probability,  effected  at  some  conjunction 
of  the  sun  and  moon  with  cataclysmal  suddenness,  the  intervening  crust  being 
shivered  into  small  fragments,  these  fragments  being  subsequently  disposed  of 
by  fusion  in  and  incorporation  with  the  magma.  The  first  oval  breach  thus 
caused  is  the  prototype  of  the  Pacific  Ocean.  Further  fractures,  along  definite 
lines,  gave  rise  to  tbe  other  oceans,  and  caused  the  separation  of  the  continents. 
Under  tbe  influence  of  tidal  retardation  the  fragments  as  thus  blocked  out  became 
separated  and  finally  moored  at  their  respective  distances  by  the  solidification  of 
the  ma^i^ma  around  them. 

With  the  resolidification  of  the  crust,  a  series  of  stresses  is  set  up  between 
tbe  ocean  basins,  which  consist  of  the  more  basic,  consequently  specifically  heavieri 
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mon  quickly  conducting  materiali  and  the  more  acid,  specifically  lighter,  more 
slowly  conducting  continental  masses.  The  former  are,  m  consequence  of  their 
character  and  composition,  the  more  stable  portions  of  the  resolidified  crust. 
Further,  cooling  therefore  leads  to  their  sinking  down  on  the  cooling  and  shrink- 
ing nucleus,  and  their  elbowing  aside  of  the  continental  masses,  which  come  to 
be  elevated  in  lines  pandlel  to  and  extending  along  their  margins.  With  further 
cooling  the  superficial  layers  of  the  continents  are  thrown  into  folds  and  over- 
folds,  which  would  tend  to  find  relief  along  the  ocean  maigins  and  the  central 
axis  of  the  Old  World  by  OTer-thrusting  of  these  layers.  Central  uplifts  in  the 
continental  areas  may  also  have  resultea  from  such  pressure. 

The  tendency  of  the  ocean  to  become  deeper  and  the  continent  to  become 
more  elevated  as  time  ^oes  on,  leads  more  and  more  to  the  withdrawal  of  the 
waters  of  the  ocean  (which  might  at  first  almost  or  altogether  have  covered  the 
continental  areas)  from  these  areas,  and  hence  to  greater  and  greater  restriction 
in  Uie  limits  of  the  areas  of  deposit  as  traced  from  earlier  to  later  geological 
times. 

The  origins  of  the  Mediterranean  and  of  the  central  axis  of  the  Old  World 
are  directly  deduced  from  theory,  and  the  unequal  distribution  of  land  and  sea 
in  the  northern  and  southern  hemispheres  is  also  brought  into  line  with  it. 

Though  the  contraction  of  the  ocean  basins  has  oeen  the  main  cause  of  the 
deformation  of  the  crust,  the  contraction  of  the  continental  areas  has  also  had 
some  share  in  the  result.  The  central  ridge  of  the  Atlantic  bottom  may  be  an 
earth  fold  caused  by  pressure  of  the  contiguous  continental  masses ;  but  it  may 
also  be  due  to  longitudinal  fissures  permitting  volcanic  action  and  consequent 
accumulation  of  volcanic  products,  the  fissures  in  such  case  marking  the  relief 
of  tension  arising  from  the  same  cause. 

The  formation  of  secondary  ridges  parallel  to  the  oceano-continental  margins 
but  at  some  distance  towards  the  continental  side,  seems  to  have  played  an  im- 
portant part  in  the  evolution.  Extending  oceanwards  in  their  operation  they 
appear  in  some  instances  to  have  raised  up  portions  of  the  ocean  bottom  into 
continuity  with  the  land  surface.  In  this  way,  with  the  aid  of  volcanic  action, 
the  ocean  basins  appear,  in  not  a  few  instances,  to  have  been  successfully  bridged. 
As  the  permanency  of  the  master-features  of  the  globe  in  much  their  present 
form  b  a  necessary  corollary  of  the  theory,  such  bridging  of  the  ocean  basins 
also  becomes  a  necessary  part  of  the  theory,  and  is  fairly  met  on  the  lines 
indicated. 

Explaining  as  it  does  the  general  outlines  of  continents  and  ocean  basins,  as 
well  as  a  large  number  of  facts  both  in  geography  and  geology,  it  is  contended 
that  the  theory  as  sketched  does  represent  in  a  general  way  the  actual  process  by 
which  the  permanent  features  of  the  globe  took  origin. 


WEDyESDAY,  SEPTEMBER  16. 
The  following  Report  and  Papers  were  read : — 

1.  Report  of  the  Committee  on  Changes  in  tlte  Sea  Coast  of  the  United 
Kingdom,-^See  Reports,  p.  258. 


2.  Ifotes  on  the  Sarsen  Storhes  of  the  Bagsfwt  District. 
By  HOBACK  WOOLLASTON  MoNCKTON,  F.L.S.^  F.G.S, 

The  blocks  of  sandstone  or  quartzite  known  as  Sarsen  Stones  are  found  in 
many  parts  of  the  south  of  England.  They  occur  at  or  near  the  surface  of  the 
ground,  as  well  as  in  or  at  the  bottom  of  the  gravels.  They  are  usually  believed 
to  be  derived  from  the  Ba^hot  or  Reading  Beds,  but  there  does  not  seem  to  be 
definite  evidence  of  the  discovery  of  a  Sarsen  Stone  in  situ  in  these  or  in  any 
other  formation.  « 
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Probably  the  best-known  examples  are  the  great  stones  wbich  form  tbe  outer 
circle  at  Stonehenge.  Sarsens  are,  however,  frequently  to  be  seen  as  gate-posts  or 
comer-stones,  and  in  some  districts  they  have  been  used  as  building-  stone  to  4 
considerable  extent. 

Sarsens  are  very  abundant  in  the  neighbourhood  of  Bagshot  They  have  been 
observed  by  the  author  firstly,  and  most  frequently,  at  the  bottom  of  or  close  to 
the  bottom  of  beds  of  gravel ;  secondly,  and  rather  less  often,  at  or  near  iht 
surface  of  the  ground  where  there  is  no  gravel ;  and  thirdly,  but  only  seldom,  in 
gravel  some  height  above  the  bottom  of  the  gfravel.  The  author  has  never  s«n  a 
Sarsen  Stone  in  situ^  for  though  he  has  seen  many  partially  uncovered  stones, 
they  have  in  every  case  shown  signs  of  wear  by  either  water  or  weather.  At  tlw 
same  time  he  has  noticed  that  the  corners  are  frequently  angular,  and  many  of  tb? 
stones  have  been  very  slightly  worn  and  certainly  not  rolled  by  water  currents  or 
streams.  The  country  around  Bagshot  is  formed  of  the  Bagshot  Beds,  largely  of 
Upper  Bagshot  Beds,  'which  are  shown  by  their  fossils  to  be  of  Lower  Barton  age, 
and  the  author  suggests  that  soon  after  their  deposition  this  part  of  Eng'land  rose 
somewhat  above  sea-level,  and  remained  as  a  wide,  fairly  level,  and  low-lying-  flat 
covered  with  marsh  and  vegetation  for  a  very  long  period.  The  Sarsen  Stoui 
are,  he  believes,  indurated  portions  of  this  old  land  surface.  If  this  is  correct,  it 
accounts  for  all  the  above-mentioned  facts,  and  also  for  the  presence  of  numeroos 
rootlet  tubes  in  the  Stones,  and  for  the  absence  of  marine  shells  or  of  casts  thereofl 

If  after  a  long  period  of  repose  an  elevation  of  the  land  took  place,  ti» 
streams  would  rapidly  cut  channels  in  the  sandy  soil  and  leave  the  indurated 
fragments  of  the  old  surface  scattered  about  at  various  levels,  and  many  of  these 
would  become  buried  in  the  beds  of  gi'avel,  thus  accounting  for  the  presence  of 
the  Sarsen  Stones  in  the  gravels. 

It  was  suggested  long  ago  by  Mr.  Hudleston  that  the  concretionary  actioa 
which  formed  the  Sarsens  was  due  to  the  decomposition  of  vegetable  matter,  and 
a  somewhat  similar  opinion  has  been  expressed  by  the  Rev.  Dr.  Irving.* 


3.  On  the  Occurrence  of  Stone  Implements  in  the  Thames  Valley  bettoeeti 
Beading  and  Maidenhead,     By  Llewellyn  Trbaghee,  F,G,S* 

Many  neolithic  celts  have  been  obtained  from  the  gravel  of  the  bed  of  the 
present  river  at  Tilehurst,  Bourne  End,  and  Maidenhead,  but  few  at  any  inter* 
vening  place.  Surface  finds  are  also  more  numerous  in  those  localities  than  any- 
where else  in  the  district.  There  may  have  been  fords  or  hunting  resorta  at  that 
places  in  neolithic  times,  and  the  axe-heads  may  have  been  lost  in  the  stream. 

Palaeolithic  implements  have  been  found  abundantly  in  terrace  ^q^vels  at 
heights  of  from  60  to  120  feet  above  the  river  on  both  sides  of  the  valley.  Th« 
places  where  they  occur  in  greatest  numbers  are  near  Caversham,  115  feet ;  Grove- 
lands,  Reading,  76  feet ;  Sonning,  05  feet  to  60  feet ;  Ruscombe,  60  feet ;  Cook- 
ham,  85  feet ;  and  Furze  Flatt,  near  Maidenhead,  75  feet.  From  each  of  these 
localities  more  than  100  implements  have  been  obtained,  besides  flakes  and  broken 
specimens.  Flakes  were  very  abundant  at  Caversham  and  at  Furze  Flatt,  Trhik 
Ht  Qrovelands  many  bones  and  teeth  of  mammoth,  horse,  and  deer  were  foond. 

Although  there  is  considerable  difference  in  the  types  of  the  implements  frooa 
the  various  localities  in  the  district,  there  is  little  evidence  to  show  whether  there 
was  any  progress  or  otherwise  in  their  manufactuie  during  the  time  their  makers 
lived  here.  Those  from  Caversham  at  the  highest  level,  and  presumably  the 
earliest,  are  more  symmetrical  in  shape  and  have  finer  chipping  on  them  than  thorn 
from  Furze  Piatt,  40  feet  lower  down,  which  often  appear  to  have  had  only  a  few 
well-directed  strokes  given  them  to  bring  them  to  the  desired  shape.  Talang^  the 
district  as  a  whole,  palaeolithic  implements  occur  together  in  groups  in  the  older 
gravels,  much  in  the  same  way  as  the  neolithic  ones  do  in  the  newer  deposita. 
Caversham  and  Furze  Flatt  may  well  have  been  palseolithic  working  utes. 


*  See  Proc.  OeoU  Assoc  vol  vii.  p.  138,  and  vol.  viii.  p.  153. 
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4.  On  tfie  Origin  of  certain  Quartz  Dykes  in  the  Isle  of  Man, 
By  J.  LoMAS,  A,R,C.S,,  F.G,S. 

About  Foxdale,  I.O.M.,  the  ground  is  strewn  with  blocks  of  quartz,  and 
numerous  quartz  yeins  traverse  the  altered  slates  which  form  the  structural 
anticline  of  the  island.  In  nearly  all  cases  these  veins  are  accompanied  by  acid 
dykes  having  the  same  general  trend. 

Where  the  quartz  traverses  the  granite  mass  at  Foxdale,  it  is  locally  developed 
into  a  coarse  pegmatite  with  idiomorphic  crystals  of  felspar  3  inches  long  and 
mica  over  1  inch  in  diameter. 

Away  from  the  granite  the  quartz  is  clear  or  milky,  rudely  columnar  in  struc- 
tuve,  and  on  the  joint  fiices  sericite  is  common. 

'  '  If  is  suggested  that  the  quartz  is  a  true  injection  resulting  from  an  overplus  of 
silica  in  the  magma  from  which  the  granite  crystallised. 

5.  Supplementary  List  of  Minerals  occurring  in  Ireland, 
By  Henry  J.  Seymour,  B.A.,  F.G.S. 

The  following  species  may  be  added  to  the  list  of  Irish  minerals  published  last 
year  in  the  Report  of  the  Belfast  Meeting  of  the  Association :  Minium,  Wad, 
Aanthosiderite,  Strontianite,Nephelite,Scapolit6,Orthite,  Brewsterite,  Zinnwaldite, 
Kipidolite,  HaUoysite,  Mimetite,  Ketinite. 


6.  The  Average  Composition  of  the  Igneous  Rocks, 
By  F.  P.  Mbnnell,  F.G.S. 

The  author  has  calculated  the  average  composition  of  the  igneous  rocks 
occurring  in  a  given  district — that  surrounding  Bulawayo — taking  into  considera- 
tion the  bulk  of  each  type  of  rock  present.  Owing  to  the  great  preponderance  in 
bulk  of  the  granitic  intrusions,  despite  their  inferiority  in  number  to  tnose  of  other 
brocks,  the  result  obtained  for  the  average  composition  shows  a  silica  percentage 
of  69*88,  a  number  sensibly  equal  to  that  assumed  for  the  granite  (70  per  cent.) 
The  author  considers  that  the  same  would  certainly  bold  good  for  the  whole  of 
Khodesia,  and  probably  in  general  for  any  large  representative  area,  and  draws 
the  conclusion  that  granite  represents  substantially  the  magma  from  which  even 
the  mo£t  basic  rocks  have  been  developed  by  some  process  of  differentiation. 
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SECTION  D.— ZOOLOaY. 

F£B3ID2NT     OF    tHB    SbCTION — ProfeSSOr    StDNBT    J.     KtCKBOTSff     JhCA^ 

D.Sc,  F.R.S. 


The  President  delivered  the  following  Address  on  Friday,  September  11 : — 

At  the  last  meeting  of  the  British  Association  which  was  held  in  Soathport,  ^ 
President  of  Section  D,  Professor  E.  Raj  Lankester,  delivered  an  imprefisiTe 
address  on  the  provision  in  this  country  for  the  advancement  of  Biologkal 
Science,  in  which  he  pointed  out  the  very  inadequate  encouragement  which  i  ~  ' 
at  that  time  for  those  who,  by  education  and  inclination,  were  fitted  to  pn 
original  investigation  in  Zoology  and  Botany.  Twenty  years  have  paaaea  i 
that  Address  was  written,  and  yet  we  have  to  acknowledge  that,  notwithstandiiip 
the  important  part  which  our  branch  of  Science  has  play^  in  contributing  to  the 
sum  01  useful  human  knowledge  during  the  last  two  decades,  the  progress  made 
in  the  direction  indicated  by  Professor  Lankester  is  far  from  satisfactory.  1  do 
not  propose  in  this  Address  to  make  any  detailed  statement  of  the  number  of  posti 
in  this  country  that  are  now  open  to  zoologists,  or  of  the  amount  of  the  pireseiit* 
day  endowments  for  the  encouragement  of  Zoological  Science  as  compared  with 
those  of  twenty  years  ago ;  but  1  wish  to  point  out  tliat  neither  in  the  older 
Universities  of  bxford  and  Cambridge,  nor  in  the  Colleges  and  National  Inatitntioiii 
situated  in  London,  nor  in  the  newer  Universities  and  Colleges  of  the  provinces, 
have  any  new  posts  been  created  or  adequately  endowed  which  enable  the  holder 
to  devote  a  reasonable  amount  of  his  time  to  the  pursuit  of  biological  knowledge. 
It  is  true  that  there  are  a  few  more  posts  now  than  there  were,  in  which  a  aouJl 
stipend  or  salary  is  offered  to  young  trained  zoologists  for  their  services  as  teacheis 
of  Elementarv  Biological  Science  to  medical  students  and  others;  but  the  emols- 
ments  of  such  posts  are  so  small,  depending,  as  they  do,  almost  entirely  upon  a 
share  of  the  fees  paid  by  the  students,  and  the  duties  so  arduous  and  proloi^ged, 
that  they  really  offer  very  little  inducement  to  the  pursuit  of  continuous  and 
systematic  original  research. 

In  one  respect,  however,  we  may  notice  and  acknowledge,  with  gratitude,  sn 
improvement  in  our  position.  In  the  laboratory  accommodation,  both  in  our 
Universities  and  on  the  sea  coast,  we  are  a  good  deal  better  off  than  we  were. 
Twenty  years  ago  there  was  no  biological  laboratory  on  the  whole  of  the  long  line 
of  the  British  coast.  Now,  thanks  to  the  efforts  made  by  biologists  and  their 
friends,  we  have  at  Plymouth  an  institution  for  the  study  of  the  marine  fauna  and 
flora  under  favourable  conditions,  and  similar  institutions  at  Port  Erin  in  the  Isle 
of  Man,  at  Piel,  at  Millport,  and  at  St.  Andrews,  and  a  provisional  laboratory  for 
the  study  of  fishery  problems  at  Grimsby.  New  laboratori^  for  the  stndv  of 
zoology  have  also  been  built  at  Oxford,  at  Cambridge,  at  the  University  of  Man* 
Chester,  at  Edinburgh  University,  and  elsewhere,  and  I  may  add  that  a  fine  new 
laboratory  is  now  in  course  of  construction  for  the  department  of  2i0olog7  in  the 
University  of  Liverpool. 

These  new  institutions,  however,  only  empba^^ise.  lley  certainly  do  not  amelio- 
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rate|  the  weakness  of  our  position  in  haying  so  little^  encouragement  to  offer  to 
competent  and  Well- trained  men  who  wish  to  devote  their  lives  to  the  advancement 
of  Zoological  Science.  Moreover,  I  would  point  out  that  these  institutions  have 
been  built  and  are  being  maintained  almost  entirely  by  funds  supplied  by  private 
benefactors,  or  out  of  the  inadequate  resources  of  the  Universities. 

The  Treasury  has  made  a  provisional  grant  of  1,000/.  per  annum  towards  the 
maintenance  of  the  work  done  by  the  Marine  Biological  Association,  and  it  may 
be  supposed  that  a  small  share  of  the  annual  government  grant  made  to  the 
University  Colleges  and  Scotch  Universities  goes  to  the  support  of  the  zoological 
departments ;  but,  apart  from  this,  there  has  been  no  increase  in  the  support  given 
to  us  from  public  funds. 

If  we  were  to  compare  our  progress  in  the  matter  of  the  public  appreciation  of 
our  science  during  the  past  two  years  with  that  in  other  countries,  we  should  find 
that  our  position  is  by  no  means  satisfactory.  In  Germany,  France,  Belgium, 
Holland,  and  more  particularly  in  the  United  States  of  America,  progress  has  been 
rapid  and  continuous.  The  number  of  persons  in  these  countries  who  by  the  aid 
of  university  or  public  endowments  are  able  to  devote  themselves  to  original  work 
in  zoology  nas  considerably  increased  of  late  years,  and  the  number  of  magnifi- 
cently equipped  institutions  that  have  been  built  for  their  accommodation  and 
convenience  makes  our  efforts  in  the  same  direction  appear  very  small. 

It  would  not  be  difficult  for  me  to  bring  facts  and  ngures  before  you  in  support 
of  these  general  statements ;  but  my  object  is  not  so  much  to  lament  over  the  past 
and  to  mourn  for  the  present  position  of  our  science  in  this  country,  as  to  suggest 
directions  in  which  we  may  work  together  for  its  development  and  progress. 

Upon  one  matter,  however,  I  think  we  may  congratulate  ourselves.  If  the 
research  done  by  English  zoologists  has  not  been  as  great  in  amount  as  it  might 
have  been,  I  think  it  may  be  truly  said  that  we  have  lully  mcdntained  its  standard 
ha  regards  quality. 

The  contributions  that  have  been  made  to  the  Science  of  Zoology  by  our 
countrymen  during  the  past  twenty  years  in  general  interest  and  in  theoretical 
importance  are  of  such  a  nature  that  any  civilised  race  might  well  be  proud 
of  them,  and  I  venture  to  say  they  compare  favourably  with  those  of  any  other 
country.  I  may  remind  you  that  the  disco veiy  and  description  of  the  Okapi, 
Cffinolestes,  Nyctotherus  Bhabdopleura,  Cephalodiscus,  Limnocodium,  and  Pelago- 
bydra,  the  iiBdiscovery  of  Lepidosiren  and  Otenoplana,  the  most  important 
features  of  the  development  of  Balanoglossus,  Lepidosiren,  Amphiozus,  Peripatus 
BEatteria,  and  some  of  the  Marsupialia,  and  that  the  discovery  of  the  important 
character  of  the  fauna  of  the  deep  seas  involving  the  discovery  of  many  new  genera 
and  species,  were  the  work  of  British  zoologists.  Moreover,  that  the  prolonged 
and  painstaking  investigations  carried  on  in  our  laboratories  have  thrown  much 
light  upon  the  character  and  relations  of  coelomic  cavities,  the  homologies  of  the 
nephriaia  and  genital  ducts,  and  many  other  important  morphological  problems.  ^ 

In  the  field  of  evolutionary  theories  we  have  done  much  important  work  in 
the  study  of  the  facts  of  protective  and  aggressive  mimicry  in  insects,  in  the 
fltatisticid  estimation  of  variations,  and  in  the  experimental  inquiry  into  the  value 
of  current  theories  of  heredity. 

The  list  is  far  from  complete ;  but  with  such  a  record  of  good  work  done 
with  the  scanty  means  at  our  disposal  there  is  no  reason  to  suppose  that  the 
science  is  on  the  decline  in  this  country,  or  that  our  countrymen  are  not  as  capable 
as  any  others  of  grasping  the  importance  of  biological  problems  and  ultimately 
wresting  from  Nature  the  secrets  that  are  hidden. 

Whilst  we  may  thus  congratulate  ourselves  upon  the  achievements  of  the  past 
and  upon  our  strength  and  ability  to  carry  on  good  work  in  the  future,  I  cannot 
help  feeling  that  the  time  has  come  for  us  to  nmke  a  united  effort  to  place  before 
the  general  public  of  this  country,  and  more  particularly  the  educated  and 
influential  part  of  it,  the  disadvantages  under  which  we  suffer,  and  our  need  for 
help  in  the  further  development  of  our  subject. 

We  have  all  realised  that  in  this  country,  more  than  in  any  other  that  is  called 
civilised,  there  prevails  among  all  classes  an  extraordinary  ignorance  of  the  first 
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principles  of  biological  science.  It  is  this  ignorance  on  the  part  of  ike  general 
public,  I  believe,  which  prevents  us  from  gaining  that  sympathy  for  our  aims  and 
that  assistance  for  our  efforts  which  we  think  is  necessary  not  only  for  tin 
reputation,  but  also  for  the  welfare  of  our  country.  We  must  remember  that 
the  science  of  Natural  History  is  as  a  closed  book  to  most  of  those  who  after  » 
public  school  and  imiversity  education  have  attained  to  portions  of  trust  and 
responsibility  in  the  government  of  our  country  and  our  cities.  Moreover,  a^ 
this  is  perhaps  the  most  serious  aspect  of  the  question,  there  are  many  who 
have  gamed  a  high  position  as  men  of  science,  and  whose  opinion  is  frequenth 
quoted  as  authoritative  on  questions  affecting  science  in  general,  who  are  more 
ignorant  of  the  first  principles  of  the  science  of  biology  than  the  Dutch  schoolboT 
of  fifteen  years  of  age. 

It  appears  to  me,  then,  that  it  is  of  fundamental  importance  for  the  zoolofpsU 
of  this  country  to  consider  and  report  upon  the  necessity  for  the  extension  aad 
improvement  of  the  teaching  of  Natural  History  in  our  schools  and  colleges.^  We 
shall  have  to  meet  the  objections  that  there  is  not  time  for  Natural  History  in  the 
school  curricula,  and  that  it  is  not  a  suitable  subject  for  the  instruction  of  boys 
and  girls.    These  objections  can  be  met,  I  believe,  and  overcome. 

In  many  foreign  countries  Natural  History  is  a  compulsory  school  subject  for 
all  scholars.  In  HoUand,  for  example,  by  the  law  of  April  28, 1876,  all  scbolara  of  ths 
gymnasia  during  the  first  and  second  years  devote  two  hours  per  week  to  the  stodr 
of  Natural  History,  and  in  the  fifth  and  sixth  years  all  students  preparing  for 
natural,  mathematical,  and  medical  sciences  courses  devote  two  hours  per  week  to 
the  science.  In  the  superior  middle-class  schools  one  hour  a  week  is  devoted  t& 
the  science  in  the  first  and  second  classes,  and  two  hours  per  week  in  tlie  remain- 
ing three  years.  If,  therefore,  time  can  be  found  in  the  middle  and  upper  class 
schools  for  the  study  of  Natural  History  in  a  country  like  Holland,  Where  the 
general  education  is  so  excellent,  surely  time  can  be  found  for  it  here. 

It  is  also  a  matter  for  general  regret  that  some  course  of  Elementary  Biokgr 
is  no  longer  compulsory  for  those  who  are  proceeding  to  degrees  in  science  in  on 
imiversities,  and  I  cannot  help  feeling  that  a  very  retrograde  step  was  taken  a  few 
years  ago  by  the  authorities  of  the  University  of  London,  when  Biolognr  "was  made- 
an  optional  subject  in  the  Intermediate  Examination  for  the  degree  of  Bachelor  d 
Science.  We  cannot  expect  to  receive  that  sympathy  in  our  pursuita  aoi 
appreciation  of  our  discoveries  which  we  expect  from  our  fellow-men  of  science 
if  we  tacitly  admit  that  an  elementary  knowledge  of  the  laws  of  living  bodies  is 
not  a  necessary  part  of  the  equipment  of  a  man  of  scientific  culture. 

I  think  we  must  all  admit  that  the  time  is  ripe  for  a  full  discussion  hy  biologists 
of  the  particular  form  of  teaching  and  study  which  is  most  suitable  for  school* 
and  elementary  university  examinations.  It  is  a  matter  in  which  we  are  all 
interested ;  it  is  a  matter  affecting  most  intimately  the  interests  of  those  who  wiB 
be  our  pu{>ils  in  the  future,  and  we  should  be  careful  to  see  that  no  ill-considered 
or  fantastic  schemes  of  study  are  thrust  upon  the  authorities  by  unauthorised 
persons  at  this  very  critical  period  in  the  educational  history  of  our  countiy. 

There  are  other  matters,  however,  which  also  demand  our  careful  attenticnL 
The  grov^h  of  our  great  cities  and  the  improvement  in  our  ideas  of  sauitation  hav« 
brought  forward  as  important  problems  for  consideration  the  purity  of  the  vrater 
supply  and  the  disposal  of  sewage.  The  municipal  authorities  at  last  realise  that 
these  problems  can  only  be  satisfactorily  met  by  elaborate  scientific  investigatioop 
and  they  have  found  that  it  is  not  only  desirable  for  sanitary  reasons,  but  abo— 
and  this  has  probably  the  greater  weight — profitable  to  call  m  men  of  science  f(S 
consultation  and  advice.  At  present,  however,  these  problems  are  approached 
from  only  two  points  of  view — the  chemical  and  the  bacteriolo^cal — the  efi^  or 
effects  of  other  organisms  than  bacteria  upon  the  character  of  the  sewage  efflneat 
and  the  purity  of  water  for  drinking  purposes  being,  so  far  as  I  have  observed, 
neglected.  I  was  very  much  impressed  with  the  fact  that  at  the  meeting  of  the 
SanitarjT  Institute  last  year  in  Manchester  the  speakers  used  the  expressioB 
'  bacteriological  examination '  and  '  biological  examination '  as  if  they  were 
synonymous,  and  no  mention  was  made  either  of  the  animals  or  plants  which  ire 
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ittvatiably  present,  and  materiallj  assist  if  they  are  not  actually  necessary  for 
the  maintenance  of  the  most  suitable  balance  of  life  in  these  waters.  The  time 
has  come  when  an  inquiry  should  be  made  of  che  organisms  other  than  bacteria 
that  are  normally  present  both  in  the  waters  at  the  sewage  works  and  in  the  largo 
reservoirs  which  supply  cities  with  drinking-water. 

I  may  be  allowed  here  to  quote  two  cases  that  have  recently  come  under  my 
notice  which  will  show  the  kind  of  work  that  might  be  done  and  the  nature  of 
the  results  which  may  be  expected  to  follow  such  an  inquiry. 

Some  years  ago  complaints  were  made  that  the  water  supplied  by  the  borough  of 
Burnley  had  an  offensive  smell.  This  smell  was  of  such  a  nature  that  it  was 
impossible  to  use  the  water  for  the  manufacture  of  soda-water. 

The  smell  was  traced  to  the  Hecknest  reservoir,  where  the  common  water  snail, 
lAmruta  peregra^  was  present  in  enormous  numbers.  The  problem  to  be  solved 
was  how  to  destroy  or  reduce  the  numbers  of  the  Limnaea  without  interfering  in 
other  respects  with  the  purity  of  the  water.  The  authorities  of  the  corporation 
asked  the  advice  of  a  trained  zoologist,  who  made  certain  recommendations  which 
were  adopted,  and  at  a  minimum  cost  the  nuisance  was  abated,  and  during  the  six 
years  that  have  elapsed  has  not  recurred.  I  will  not  detain  you  with  a  full 
clescription  of  the  cause  and  the  cure  of  this  particular  pest,  but  I  may  say  that 
the  recommendations  that  were  made  were  based  on  the  knowledge  of  the  life  habits 
and  reproduction  of  the  Limnaea,  and  were  therefore  of  a  purely  zoological  character. 

Two  years  ago  the  Chairman  of  the  Water  Committee  of  the  Corporation  of 
Manchester  reported  that  the  mains  had  become  partially  choked  by  the  growth 
of  an  organism  which  he  called  a  '  moss.*  Ko  less  than  700  tons  of  this 
'moss'  were  removed  from  the  mains  by  a  laborious  and  expensive  process. 
It  is  not  necessary  for  me  to  inform  this  Section  that  the  organism  was  not  a  moss. 
It  was  probably  not  even  a  vegetable,  but  on  animal  belonging  to  one  of  the 
genera  of  fresh-water  Polyzoa.  In  this  case,  however,  so  far  as  I  am  aware,  not 
only  were  no  ste|>s  taken  to  identify  the  organism,  but  no  investigations  were 
made  to  discover  its  origin  or  to  prevent  the  return  of  the  trouble  in  the  future. 
I  could  give  you  several  other  examples  which  show  that  our  ignorance  of  the 
general  balance  of  animal  and  vegetable  life  in  the  large  reservoirs  is  profound, 
and  that  a  systematic  inquiry  conducted  by  competent  persons  would  most 
certainly  lead  to  knowledge  which  would  be  of  great  scientific  importance,  and  in 
the  long  run  remunerative  to  the  community. 

I  do  not  think  that  we  can  expect  that  any  one  of  the  municipal  authorities 
"will  feel  justified  in  bearing  the  cost  of  such  an  investigation.  The  problems  that 
one  corporation  has  to  face  are  very  much  the  same  as  those  that  others  have 
met;  and  each  corporation  hopes  to  profit  by  the  successful  and  neglect  the 
unsuccessful  experimenta  of  its  neighbours.  Aii  investigation  such  as  this,  which 
is  really  for  the  benefit  of  the  whole  community^  should  be  conducted  by  a  central 
authority  at  the  public  expense. 

The  scientific  investigation  of  the  problems  that  are  connected  with  the 
maintenance  and  extension  of  our  sea  fisheries  is  another  matter  that  requires 
the  Tery  careful  attention  of  the  zoologists  of  the  present  day.  The  valuable  work 
that  has  already  been  done  by  the  officers  of  the  British  Marine  Biological 
Association,  the  Lancashire  Sea  Fisheries  Committee,  the  Scottish  Fishery  Board, 
and  other  bodies  is  of  a  nature  sufficiently  encouraging  to  justify  us  in  asking  for 
the  necessary  means  and  appliances  for  still  further  developments  of  the  inquiry. 
There  is,  however,  a  great  need  for  a  free  discussion  by  those  who  are  competent 
to  speak  on  the  subject  to  determine  and,  if  possible,  to  come  to  some  conclusion 
upon  the  question  of  the  best  and  most  profitable  lines  that  the  inquiry  should 
take  in  the  immediate  future,  and  the  establishment  of  such  co-operation  as  is 
necessary  by  the  different  authorities  to  prevent  duplication  where  it  is  unnecessary, 
and  simultaneous  observations  of  similar  phenomena  on  different  parts  of  the 
coast  when  it  is  considered  desirable.  The  report  of  the  Committee  on  Ichthyo- 
logical  Research,  1002,  has  shown  that  there  is  already  in  this  country  a  good 
d«d  of  activity  in  various  branches  of  investigation  of  the  fisheries  problems,  but 
the  authorities  are  not  on  all  points  in  agre^nent  as  to  the  beet  plan  or  course  to 
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pursue  in  the  future.^  I  canuot  but  hope  tliat  if  some  conference  Were  heldy  At 
-which  those  zoologists  who  have  made  a  special  study  of  these  matters  were 
present)  the  principal  differences  of  opinion  might  be  cleared  up  and  a  onanunous 
report  presented  to  the  authorities. 

I  have  felt  vetj  stronffly  for  some  time  past,  and  I  know  there  are  many  of  mj 
colleagues  who  agree  with  me,  that  the  zoologists  of  this  country  are  onder  aome 
disadvantage  in  not  being  provided  with  the  necessary  machmeir  for  fiiU  dis- 
cussion of  matters  which  aflect  the  welfare  of  the  science  as  a  whole.  There  are 
several  societies  which  receive,  discuss,  and  publish  papers  on  various  branches  of 
zoological  research,  but  they  do  not,  and  from  the  nature  of  their  constitutaon 
cannot,  give  eflective  utterance  to  the  general  or  unanimous  opinion  of  professional 
zoologists  on  matters  of  their  common  interests.  There  is  no  society  which  all 
serious  students  and  teachers  of  zoology  feel  is  the  one  societv  which  it  is  their 
duty  and  in  their  own  interests  to  join.  Some  join  the  Zoological  Society  of 
London,  others  the  Linnean  Society,  others,  Again,  the  Royal  Microsoopicalf 
Entomological,  or  Malacological  Societies,  or  some  combination  of  two  or  more  of 
them.  There  is  no  common  ground  on  which  we  meet  for  the  discussion  of  auch 
subjects  as  those  I  have  just  mentioned  in  this  Address.  In  the  early  daya 
of  tne  British  Association  this  Section  supplied  the  needs  which  we  feel  now.  It 
was  the  Society,  if  I  may  call  it  such,  which  all  the  zoologists  of  the  time  made 
a  special  eifort  to  attend.  Important  matters  were  fully  disctissed  by  the  most 
competent  authorities,  and  people  felt  that  the  prevalent  opinion  on  any  subject 
expressed  by  Section  D  was  the  prevalent  opinion  of  men  of  science  throughout 
the  country. 

In  concluding  this  portion  of  my  Address,  I  may  express  the  hope  that  Tvben 
the  Association  meets  next  year  at  Cambridge  some  steps  may  be  taken  to  render 
the  organisation  which  we  already  possess  in  connection  with  this  Section  more 
generally  useful  and  more  etficacious  than  it  is  at  present. 

In  the  opening  sentences  of  my  Address  I  used  an  expression  which  some  of 
my  hearers  may  have  considered  open  to  criticism.  Let  me  take  this  opportmiity 
of  saying,  then,  that  by  using  the  expression  '  useful  human  knowledge  'I  did  not 
intend  to  express  an  opinion  that  there  is  any  knowled^  of  the  character  that  is 
expounded  and  discussed  in  these  sections  of  the  Association  which  can  be  called 
useless  knowledge. 

A  distinction,  however,  is  frequently  drawn  between  knowledge  that  can  be 
directly  applied  to  the  arts  and  crafts  and  knowledge  which,  on  the  &ce  of  it, 
appears  to  us  at  present  to  be  only  of  general  scientific  interest.  For  example,  in 
the  award  of  the  Exhibition  (1851)  Scholarships  and  Bursaries,  the  canmdatea 
must  still  give  evidence  of  capacity  for  advancing  science  or  its  application  by 
original  research  in  some  branch  of  science,  the  extension  of  which  i$  especially 
important  to  our  national  industries.  We  can  rejoice  most  cordially  in  the  suc- 
cessful developments  of  the  technical  institutions  in  the  country,  we  can  heartily 
join  hands  with  our  colleagues  in  other  sciences  in  urging  upon  the  authorities  the 
encouragement  of  those  branches  of  science  which  have  a  durect  bearing  upon  oar 
industries,  but  we  have  a  no  less  important  duty  to  perform  in  claiming  for  those 
branches  of  sciences  that  have  apparently  no  such  direct  application  tne  needful 
sympathy  and  encouragement.  I  venture  to  say  that  at  the  time  the  Association 
last  met  in  Southport  no  one  would  have  ventured  to  predict  that  the  study  of 
the  anatomy  and  life  history  of  the  Diptera,  or  the  general  biology  of  the  minute 
sporozoa,  would  have  any  direct  bearing  upon  the  development  of  our  industries. 
But  tonday,  b^  our  knowledge  of  the  mosquito  Anopheles,  and  the  sporosoan 
parasite  it  carries,  we  are  in  a  position  to  destroy  or  ameliorate  the  malaria  pest 
which  has  hindered  the  commercial  development  of  so  many  of  our  colonies  in 
tropical  countries,  and  b^  encouraging  the  development  of  such  countries  we  are 
assisting  to  a  very  material  extent  our  home  industries  and  the  general  trade  of 
the  country.  In  this,  as  in  so  many  other  cases,  the  benefit  to  industry  and 
commerce  has  come  from  an  unexpected  quarter  of  the  field  of  zoological  research. 
Those  who  were  working  within  the  narrow  limits  of  what  is  called  applied 
science  could  have  never  cuscovered  the  facts  which  vee  now  regard  as  of  extreme 

Digitized  by  LjOOQIC 


TRANSACTIONS  OF  SECTION  D.  677 

importance,  lioweyer  well  equipped  they  were  with  laboratories  and  appliances 
ana  endowments  for  research. 

It  will  be  of  very  little  profit  to  this  country  to  endow  munificently  the 
technical  institutions  and  those  branches  of  science  to  which  the  adjective 
*  applied '  is  given,  to  build  British  '  Charlottenbui*gs/  and  to  attract  by  handsome 
salaries  the  most  distinguished  professors  to  the  study  of  the  application  of 
science,  if  at  the  same  time  we  starve  and  allow  to  sink  into  insignificance  the 
fundamental  sciences  upon  which  the  whole  superstructure  rests.  It  does  not  ' 
need  a  prophet  to  foretell  that  a  great  disaster  will  occur  if  we  add  story  to  story 
of  our  house  of  education  without  widening  and  broadening  the  basis  upon  which 
it  rests. 

Many  of  us,  I  am  afraid,  are  too  much  inclined  to  believe  that  the  intellectual 
portion  of  the  community  has  at  last  awakened  to  the  importance  of  the  work  in 
the  fields  of  pure  science,  that  the  old  prejudice  against  us  who  indulge  what  is 
called  our  harmless  curiosity  is  dyiug  out,  and  that  our  science  is  bound  to  receive 
a  fair  share  of  encouragement  aua  attention  in  the  progress  of  the  modem  develop- 
ments of  science  and  learning. 

The  distinction  that  is  drawn  between  pure  and  applied  science  is,  however,  in 
danger  of  being  broadened  and  deepened  rather  than  diminished  by  the  recent 
activity  in  the  foundation  of  schools  aud  colleges  for  technical  instruction.  There 
are,  it  is  true,  several  eminent  and  distinguished  persons  who  recognise  the 
danger  and  do  their  best  to  avoid  it,  but  this  fact  is  not  in  itself  sufficient  to 
justify  us  in  any  relaxation  of  our  efforts  onbehalf  of  the  maintenance  and  develop- 
ment of  those  branches  of  the  sciences  which  are  usually  supposed  to  have  no 
direct  or  technical  application. 

In  the  wide  field  of  zoological  research  there  are  many  subjects  now  being 
investigated  and  discussed  which,  at  present,  seem  to  us  to  have  but  a  remote 
bearing  upon  any  practical  problem  or  industry  or  medicine.  Of  all  these  subjects 
there  are  two  which  have  excited  during  the  past  ten  years  extraordinary  interest, 
and  are  from  many  points  of  view  subjects  of  greatest  possible  importance.  I  refer 
to  the  subject  of  the  natural  variations  of  animals  and  plants,  and  the  problem  of 
the  hereditary  transmission  of  characters  from  generation  to  generation. 

At  present  there  appears  to  be  some  doubt  whether  the  workers  in  these  sub- 
jects are  really  agreed  as  to  the  general  propositions  of  the  problems,  the  defini- 
tions of  the  terms  employed,  and  the  standard  of  proof  that  is  reouisite  in  each 
step  of  progress.  It  is  true  that  in  most,  if  not  in  all,  biological  problems  we  are  at 
the  disadvantage  of  being  unable  to  define  or  measure  anything  with  the  same 
mathematical  accuracy  that  our  friends,  the  chemists  and  physicists,  are  accus- 
tomed to.  We  cannot  say  for  example  that  the  chela  of  a  particular  species  of 
crab  is  so  many  millimetres  in  length,  in  the  manner  the  chemist  determines  the 
atomic  weight  of  a  new  metal,  os  the  length  of  the  chela  is  found  to  vary  within 
a  certain  range  in  all  species  that  have  been  investigated ;  nor  can  we  define  such 
common  expressions  as  a  species,  a  variation,  or  even  a  cell  with  the  same  con- 
ciseness as  a  physicist  defines  the  ohm,  the  volt,  specific  gravity,  or  the  mechanical 
equivalent  of  heat.  As  a  consequence  it  is  not  surprising  that  when  our  problems 
have  been  studied  and  a  solution  reached  the  resultant '  laws '  exhibit  so  many 
exceptions  that  they  are  really  not  worthy  to  be  called  '  laws '  at  all.  We  may 
see  the  truth,  but  we  see  it  as  through  a  glass,  darkly. 

There  is  perhaps  no  word  in  the  whole  of  our  vocabulary  which  is  used  in  so 
many  different  senses  as  the  word  '  variation,'  and  yet  when  it  is  used  an  attempt  is 
only  rarely  made  to  define  the  sense  in  which  it  is  employed. 

When  we  study  the  adult  progeny  of  a  single  pair  of  parents  we  notice  that 
they  differ  from  one  another  as  regards  any  one  particular  character  within  a 
certain  ran^e.  Thus  the  eight  children  of  a  single  pair  of  human  parents  may 
vary  in  weight  fW)m,  say,  130  lbs.  to  200  lbs.,  and  we  may  find  that  the  average 
weight  of  the  eight  children  is  approximately  the  same  as  the  average  weight  of 
the  two  parents.  If  parents  and  children  were  all  of  exactly  the  same  weight — 
an  impossible  supposition — it  would  be  said  that  they  exhibited  no  variation  in 
this  respect,  but,  as  they  always  do  vary  in  weight,  it  is  said  that  they  exhibit 
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<  Tariations '  in  weight  Now^  such  variatioDS  may  be  due  partly  to  difiereBceB  ia 
the  muscular  training,  the  nourishment,  the  general  health,  and  other  poet-oatsl 
causes ;  but  it  is  assumed,  and  there  are  doubUess  good  reasons  for  the  assumptkn, 
that  if  all  these  post-natal  influences  had  been  equal  throughout  life  there  wooU 
still  remain  yariations  in  weight  of  lesser  amplitude  than  is  usual,  but  neyerthdes 
substantial. 

The  variation  of  the  adult  in  weight,  therefore,  is  a  compound  quantity,  partlj 
due  to  the  influence  of  external  conditions  upon  the  growing  body,  and  paitfy  duf 
to  a  quality  or  character  present  at  birth  and  usually  supposed  to  be  inheritied 
with  the  germ-plasm  from  one  or  both  parents.  The  former  may  be  <»lled  tkt 
artificial  part  of  the  variation,  or  for  brevity  the  artificial  variation,  and  the  latter 
the  natural  or  inherited  variation.  In  the  character  of  weight  in  human  bein^ 
there  can  be  no  doubt  that  artificial  variation  is  predominant,  the  character  bei^ 
a  very  fluctuating  one  and  liable  to  profound  modification  in  the  varying  vicissi- 
tudes of  civilised  human  life. 

In  the  character  of  stature  the  artificial  variation  is  probably  much  lees  pre- 
dominant. The  children  of  tall  parents  grow  into  tall  men  and  women,  however 
handicapped  in  early  life  by  ill-health  or  insufficient  nourishment,  and  the  childiea 
of  short  parents  remain  short  in  adult  life,  however  healthy  and  well  fed  in  their 
youth.  Nevertheless,  he  would  be  a  bold  man  who  would  assert  that  the  character 
of  stature  is  uninfluenced  by  the  environment,  and  that  the  short  people  would  not 
have  been  taller  had  the  conditions  of  their  life  in  childhood  been  more  favoorahfe, 
or  the  tall  people  shorter  if  the  conditions  in  their  early  life  had  been  Ie» 
favourable. 

Finally,  we  have,  in  the  colour  of  the  iris,  the  shape  of  the  ear,  and  the  aixe  of 
the  teeth,  characters  which  are  usually  considered  to  be  unmodified  by  post-natal 
conditions,  or  at  least  so  slightly  modified  by  them  that  the  diflTerences  obeervcd 
in  them  may  be  regarded  as  almost  pure  natural  variations.  Now,  if  we  tank  our 
attention  to  characters  such  as  weighty  which  we  feel  certain  are  influenced  very 
profoundly  by  the  environment,  we  might  be  tempted  to  exaggerate  the  import- 
ance of  the  environment  in  moulding  or  forming  the  characteristic  features  ot  the 
adult  organism,  as,  in  the  opinion  of  many  authorities,  Lamarck  did,  and  many  of 
his  followers  are  still  doing.  U,  on  the  other  hand,  we  confine  our  attention  to 
such  characters  as  the  colour  of  the  iris  or  the  shape  of  the  ear,  we  might  be 
tempted  to  under-estimate  the  influence  of  the  environment. 

This  brings  us  to  the  important  question  whether  the  characters  of  the  adult 
that  are  due  to  the  influence  of  the  environment,  and  that  part  or  degree  of  any 
character  which  is  more  or  less  modified  by  the  conditions  of  the  earlier  atagea  of 
life  are  or  are  not  transmitted  by  parents  to  their  oflOspring.  Time  will  not  permit 
me  to  discuss  this  diflicult  problem  here.  Rightly  or  wrongly,  I  agree  with  those 
who  maintain  that  acquired  characters  are  not  inherited,  and  I  intend  to  assume 
for  the  purpose  of  the  argument  that  follows  that  they  are  not  inherited.  I  wlI 
also  assume,  and  I  must  say  that  the  facts  seem  to  be  conclusive  in  favour  of  this 
assumption,  that  the  characters  which  are  usually  supposed  not  to  be  inflnenoed, 
or  to  be  only  slightly  influenced  by,  the  environment  are  capable  of  tranamiasion  by 
heredity. 

We  have,  then,  in  most  variations  a  part  that  can  be  transmitted  and  a  part 
that  cannot  be  transmitted  by  heredity  from  parents  to  oflspring,  and  we  fina  in 
every  plant  and  animal  an  enormous  diflerence  in  the  proportions  of  tbeae  two 
parts  in  diflTerent  organs.  It  is  not  difficult  to  see  the  general  reasons  for  thepe 
difl^erences.  It  is  clearly  important  that  some  organs  should  be  plastic— t.e.  capabk 
of  changing  in  form  and  size  to  meet  the  varying  changes  in  the  environment,  and 
that  others  should  remain  relatively  constant  in  spite  of  changes  in  the  enyiroa- 
ment.  Thus  the  shape  and  size  of  the  branches  of  an  oak  in  a  plantation  will  vary 
enormously,  according  to  the  light  and  space  they  have  for  their  deyelc^Hneat, 
whereas  the  anthers,  the  pistils  and  fruit,  will  be  relatively  constant  in  form  and 
colour.  It  is  clearly  important  for  a  chamseleon  that  the  colour  of  its  skin  shouU 
vary  according  to  the  colour  of  its  environment ;  but  it  is  none  the  less  importast 
that  the  shape  and  muscular  organisation  of  its  tongue  should  remain  reiatiyeiy 
constant  throughout  life.  ,  , 
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An  essential  point,  howeTsr,  for  us  to  consider  is  whether  there  are  any 
characters  in  animals  or  plants  upon  which  the  environment  exercises  no  influence 
at  all  or  exercises  such  a  slight  influence  that  it  may  be  safely  neglected. 
The  method  to  adopt  in  order  to  settle  this  point  would  be  to  compare  at  a  definite 
p^iod  of  their  lives  the  statistics  of  variation  in  a  family  or  po]^ulation  which 
has  been  brought  up  under  identical  circumstances  with  a  smiikr  family  or 
population  at  the  same  period  of  life  which  has  been  brought  up  under  differing 
circumstances.  If  this  were  done  we  could  determine  with  considerable  accuracy 
the  proportion  of  the  variation  of  any  character  of  the  individuals  that  is  due  to 
the  environment  aud  that  which  is  natural  and  inherited. 

Unfortunately  it  is  impossible  to  bring  up  a  population  under  identical  circum- 
stances.  If  we  take,  for  example,  the  individuals  of  a  single  hive  of  bees,  which 
have  the  same  parents,  pass  through  the  early  stages  of  their  development  in  cells 
Tvhich  are  almost  identical  in  size  and  are  regularly  fed  by  the  workers  during 
the  whole  of  their  larval  life,  there  is  stUl  a  considerable  probability  that  the 
individuals  do  not  have  a  treatment  which  can,  with  any  pretence  to  accuracy,  be 
called  identical.  The  food  that  b  collected  by  the  worker-bees  frequently  comes 
from  varied  sources  or  from  flowers  in  different  stages  of  their  growth,  and  it  is 
impossible  to  believe  therefore  that  it  has  always  identical  nutritive  properties  ; 
the  larvae  are  not  of  the  same  age,  and  seasonal  changes  may  affect  the  larvae 
difierently,  some  being  checked  in  the  early  stages  of  their  development  more 
than  others. 

But  even  if  we  could,  with  justice,  assume  that  the  conditions  of  life  for  the 
individual  bees  in  a  hive  are  identical  from  the  time  of  hatching  up  to  the  time 
when  the  adult  characters  are  assumed,  there  still  remain  two  sets  of  variable 
conditions  which  must  affect  the  development  independently  of  the  influences 
brought  by  the  two  parents  in  the  germ-plasms. 

In  the  egg  of  the  bee  there  is  a  considerable  quantity  of  yolk,  and  this  yolk  is 
the  food  material  upon  which  the  embryo  is  nourished  throughout  the  earlier  stages 
of  its  development.  There  is  no  evidence  that  the  yolk  in  the  eggs  of  this  or  of 
any  other  animal  is  constant  either  in  quality  or  quantity.  On  the  other  hand, 
the  extraordinary  variations  or  abnormalities,  as  they  are  usually  termed,  which 
the  embryologist  meets  with  in  the  segmentation  of  the  egg  suggest  that  there 
are  consideraole  differences  in  these  respects  between  the  eggs  laid  by  a  single 
parent  in  a  single  act  of  oviposition.  Moreover,  the  manner  in  which  the  young 
eggs  of  the  insects  are  nourished  in  the  tubular  oviduct  before  they  are  ready  for 
fertilisation  gives  very  little  support  to  the  view  that  the  amount  of  yolk  deposited 
in  each  egg  is  identical. 

The  second  consideration  under  this  heading  is  possibly  of  even  greater  import- 
ance. Vernon  ^  has  shown  that  the  size  and  other  characters  of  echinoderm  larvas 
vary  very  considerably  according  to  the  freshness  or  staleness  of  the  conjugating 
ova  and  spermatozoa.  For  example,  he  found  that  when  the  fresh  spermatozoa 
of  Strongylocentrotus  fertilised  the  eggs  which  had  been  kept  eighteen  hours  of 
the  same  animal,  the  larvae  differed  from  the  normal  larvce,  -- 17'6  in  body  length  and 
— 15  per  cent,  in  arm  length,  and  when  the  fresh  eggs  are  fertilised  by  spermatozoa 
which  had  been  kept  eighteen  hours  the  resulting  larvse  differed  from  the  normal 
by  + 11  per  cent,  in  body  length  and  by  —  82'8  per  cent,  in  arm  length. 

This  consideration  is  practically  eliminated  in  the  case  of  the  worker-bees  by 
parthenogenesis,  but  it  cannot  be  set  aside  in  the  case  of  the  drones  nor  in  the 
cases  of  the  broods  of  other  animals  which  do  not  exhibit  the  phenomenon  of 
parthenogenesis.  A  comparison  of  the  curve  of  variation  of  some  character,  common 
to  both,  in  drones  and  worker-bees  from  one  hive  would  perhaps  throw  some  light 
on  the  general  importance  of  this  character. 

Before  leaving  this  part  of  the  subject,  I  must  call  attention  to  two  results 
bearing  upon  it,  obtained  by  De  Vries  in  his  botanical  investigations,  and  related 
by  him  in  his  very  important  work  entitled  'Die  Mutationstheorie.'     This  ob- 

•  H.  M.  Vernon :  *  The  Relations  between  the  Hybrid  and  Parent-forms  of  Echinoid 
Larv».     Phil,  Tran$.  1898,  B.  p.  466, 
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serrer  fbusd  that  the  younger  the  eeedling'  b  the  greftter  is  the  inflnence  of  exteraal 
drcuiDStaiicefl  upon  its  adult  cbaracten,  and  in  the  second  nlace  that  an  eren 
greater  influence  is  exerted  upon  the  characters  of  a  phmt  by  tne  external  circum- 
stances aflSscting  the  mother-plant.  If  the^e  results  hold  good  for  animals  as  they 
do  for  plants,  we  should  expect  to  find,  then,  that  the  external  circumstances  affect- 
ing the  mother  at  the  time  she  is  maturing  the  eggs  in  her  ovaries  and  the  external 
circumstances  afiecting  the  embryo  before  and  during  the  larval  period  are  of 
far  greater  importance  in  affectiDg  the  curve  of  variation  of  the  adults  than  are 
the  external  circumstances  affecting  the  young  in  their  period  of  adolescence.  We 
must  come  to  the  conclusion,  from  these  considerations,  that  the  general  varia- 
bility of  a  brood  or  progeny  of  a  single  pair  of  parents  must  be  very  largely  the 
effect  of  the  varving  conditions  affecting  the  gametes  from  the  earliest  stages  of 
their  genesis  in  the  gonophore,  the  fertili^d  ovum,  and  the  early  stages  of  develop- 
ment. We  find,  however,  as  I  have  already  pointed  out,  that  some  charactars  are 
much  more  influenced  by  external  circumstances  than  others.  Weight  and  stature 
in  human  beinffs,  for  example,  are  probably  much  more  influenced  Uian  the  colour 
of  the  iris  or  the  shape  of  the  fingers.  We  may,  indeed,  recognise  two  kinds  of 
characters,  connected,  of  course,  by  a  complete  series  of  intermediate  links,  which 
may  be  called,  for  convenience  sake,  plastic  characters  and  rigid  characters. 

Now,  in  some  animals,  the  characters  that  are  rigid  are  much  more  numerous 
than  they^  are  in  others.  For  example,  adult  salmon  or  perch  are  much  more 
variable  m  size  and  weight  than  adult  herrings  or  mackerel ;  some  species  of  butter- 
flies are  much  more  variable  in  the  colour  and  pattern  of  their  wmgs  than  other 
species ;  some  species  of  birds  are  much  more  variable  in  their  plumage  than  others 
are.  Several  other  examples  could  be  chosen  to  illustrate  this  point  from  the 
higher  groups  of  animals ;  but  I  wish  particularly  to  call  your  attention  to  several 
instances  found  in  the  Coelenterata,  because  it  was  the  special  studv  of  this  group 
of  animals  that  led  to  the  train  of  thought  I  have  ventured  to  put  before  you. 

In  all  the  sedentary  forms  of  Coelenterates  the  mouth  is  surrounded  by  a  circlet 
of  tentacles.  These  organs  are  used  for  catching  and  paralysing  the  prey  and 
passing  it  to  the  mouth  to  be  swallowed.  They  are  also  very  delicate,  and  indeed 
the  only  specialised  organs  of  sense  performing  a  function  similar  to  that  of  the 
feelers  orantennn  of  Arthropods.  Tnere  can  be  no  exaggeration  in  saying,  there- 
fore, that  thev  are  of  the  utmost  importance  to  the  animal.  In  some  groups  of 
Coelenterata,  however,  we  find  that  they  are  fixed  in  number,  but  in  otners  that 
they  are  variable. 

In  the  Alcyonaria,  for  example,  the  number  of  tentacles  of  the  adult  polyp  is 
eight.  I  have  examined  many  thousands  of  polyps  belonging  to  the  suborders 
Stolonifera,  Alcyonacea,  Oorgonacea,  and  Pennatulacea,  and  I  have  not  found  a 
single  example  of  an  adult  polyp  with  either  more  or  less  than  eight  tentacles. 
This  is  a  character,  then,  which  is  remarkably  well  fixed  in  the  Alcyonaria.  It 
does  not  fluctuate  at  all.  The  tentacles  of  the  Hydrozoa,  and  of  many  of  the 
Zoantharia,  on  the  other  hand,  fluctuate  considerably  in  number.  In  some  forms, 
such  as  Tubularia  among  the  Hydroids,  and  Actinia  among  the  Zoantharia,  the 
number  of  tentacles  is  considerable,  and  it  is  not,  perhaps,  surprising  to  find  varia- 
tions in  their  number.  But  in  many  cases,  when  the  number  of  tentacles  is  small, 
there  is  also  frequent  variation.  In  Hydra  viridis^  for  example,  the  number  of  the 
tentacles  is  6,  7,  or  8,  and  more  rarely  6  or  9. 

Again,  in  the  Alcyonaria,  the  number  of  mesenteries  of  the  adult  polyp  is 
always  eight ;  never  more  and  never  less. 

In  the  Zoantharia,  on  the  other  hand,  the  number  varies  not  only  in  different 
sub-orders  and  families,  but  even  in  different  individuals  of  the  same  species  from 
a  single  locality.  Parker  found,  for  example,  that  the  number  of  non-directive 
mesenteries  in  the  sea*anemone  Metridium  marginatum,  collected  at  Newport, 
RI.,  varied  from  four  to  ten  pairs  in  those  forms  with  the  normal  number  (2)  of 
directive  mesenteries,  and  that  there  were  further  variations  in  the  number  of 
non-directive  mesenteries  in  those  forms  with  an  abnormal  number  of  directive 
mesenteries.  In  fact,  of  the  131  adult  specimens  collected,  only  40  or  about 
33  per  cent,  exhibited  the  arrangement  of  mesenteries  which  is  regaj^ed  as  normal 
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for  the  speciea.  On  the  other  band,  Cluhb  found  that  of  the  specimdns  of  another 
common  sea-anemone,  Actinia  equina^  only  4*24  per  cent,  showed  variations  from 
the  normal  mesenterial  arrangement  for  the  species.  We  bare  then,  in  these 
examples,  a  set  of  organs  wbicb  are  very  variable  in  one  genus  (Metridium),  much 
less  variable  in  another  (Actinia),  and  perfectly  fixed  or  rigid  in  another  series  of 
genera  (the  Alcyooaria). 

Passing  on,  now,  to  the  character  '  sbape.'  Not  many  years  ago  the  systematic 
zoologists,  "who  directed  their  attention  to  the  sedentary  Ooelenterates,  based 
their  specific  diagnoses  very  largely  on  the  sbape  of  the  colonies.  Thus  we 
have  introduced  such  names  as  MUlepora  alctcomiSf  M,  ramosa,  M.  pHcatOy 
Madrfpora  ccrvicomis,  M.  proli/eraf  M,  palmata,  Alcyonivm  digitatum,  A. 
palmatum,  &c.  &c.  Zoologists  are  now  agreed,  however,  Uiat  the  shape  of  these 
colonies  is  so  variable  that  in  most  genera  it  is  of  very  little  value  for  the  separa- 
tion of  species.  In  fact,  I  have  elsewhere  given  reasons  for  holding  the  view 
that  the  widely  distributed  and  very  variable  genus  Millepora  is  represented  by 
only  one  true  species.  But  what  is  true  for  most  sedentary  Ooelenterates  is  not 
true  for  all  colonial  Ooelenterates.  In  most  of  the  genera  and  species  of  Pen- 
natulida,  for  instance^  the  shape  of  any  one  individual  of  a  species  is  almost 
identical  with  that  of  any  other.  A  luniculina  quadrangularia,  from  the  west 
coast  of  Scotland,  is  similar  in  shape  to  one  of  the  same  species  from  the  coast  of 
Norway.  A  Pennatula  murrat/i,  from  the  reefs  of  Funafuti,  is  similar  in  shape 
to  one  from  Oeram.  In  other  words,  the  character  'shape '  is  extremely  plastic  m 
Millepora  and  Madrepora,  but  very  slightly  plastic  or  almost  rigid  in  Pennatula 
and  Funiculina. 

This  difference  in  the  plasticity  of  the  character  *  shape '  in  Millepora  and  the 
Pennatulids  must  be  associated  with  the  fact  that  the  young  Millepora  colony  is 
unable  to  move  from  the  spot  where  the  larva  settles,  whereas  the  Pennatulid  is 
capable  of  moving  from  place  to  place  throughout  life.  The  Millepora  colony 
must  either  accommodate  itself  to  the  environment  in  which  it  begins  life  or 
perish,  but  the  young  Pennatulid  can,  within  certain  limits,  travel  to  the  environ* 
ment  that  suits  itself. 

The  shape  of  a  growing  coral  or  sedentary  Alcyonarian  on  a  reef  must  accommo- 
date itself  to  the  depth  of  water,  the  position  of  neighbouring  zoophytes  to 
itself,  the  direction  of  the  tides,  and  other  influences;  and  such  a  power  of 
accommodation  is  essential  for  the  species  in  the  struggle  for  existence  on  the 
coral  reef.  But  in  the  case  of  the  Pennatulid,  the  natural  or  normal  shape  is  adapted 
to  a  less  variable  series  of  environmental  conditions,  and  it  has  sufficient  power  of 
movement  to  shift  itself  into  localities  where  the  environment  is  suitable  for  it. 
In  other  words,  the  power  of  movement  is  associated  with  a  loss  of  plasticity  of  the 
character '  shape.' 

But  the  growth  of  corals  may  be  affected  in  other  ways.  A  great  many  of 
these  forms  of  life  harbour  a  small  fauna  of  epizoic  Crustacea,  mollusca,  and  worms, 
and  the  ramification  or  surface  is  often  affected  bv  these  in  a  remarkable  way.  I 
have  elsewhere  pointed  out  that  the  character  of  certain  specimens  of  MUlepora, 
which  is  known  as  verrucose,  is  due  to  a  modification  of  the  growth  round  epizoic 
barnacles.  Semper  has  shown  that  the  curious  cage-like  growths  seen  on  the 
branches  of  Seriatopora  and  Pocillopora  are  galls  produced  by  the  action  of  certain 
species  of  crabs.  In  a  recent  paper  I  have  also  given  reasons  for  believing  that 
the  tubular  character  of  the  stem  and  some  of  the  branches  of  the  ^enus  Soleno- 
caulon  is  due  to  the  action  of  certain  Crustacea  belonging  to  the  family  Alpheidae, 
and  that  when  these  Alpheids  are  not  present  the  form  with  a  solid  stem  hitherto 
known  as  the  genus  Leucoella  is  produced. 

But  whilst  some  genera  of  corals  and  Alcyonaria  are  plastic  in  this  way,  others 
are  not.  These  coral  galls  may  bo  found  on  the  Milleporas  and  Madreporas  of 
a  certain  portion  of  a  reef  and  be  absent  from  all  the  other  genera  of  neighbouring 
corals.  The  rrab-galls  that  are  found  so  commonly  and  in  such  abundance  upon 
Pocilloporas  and  Seriatoporas  in  certain  parts  of  the  Pacific  and  elsewhere  are 
found  only  in  cases  of  extreme  rarity  in  other  corals. 

Many  other  cases  could  be  given  to  show  that  in  some  genera  the  CQsnenchvm 
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is  remarkably  plastic  or  accommodating  to  these  epizoites^  whereas  in  otliera  it  is 
resistent  aod  rigid. 

The  «ze  and  shape  of  the  spicules  have  been  taken  as  characters  for  the 
determination  of  the  species  of  Alcjonaria.  It  is  true  tbat  in  some  speciea  the 
spicules  are  remarkably  constant  in  size  and  shape,  but  in  others  they  are  extremely 
variable.  The  remarkable  torch-like  spicules  of  the  CGenenchym  of  Eumoella 
papillosa,  the  club-shaped  spicules  of  Acrophytum,  and  the  needle-shaped  spicules 
of  many  species  of  Ponnatulids  are  remarkably  constant  in  size  and  shape,  but 
in  Sarcophytum,  the  new  genus  Sclerophytum,  Siphonogorgia,  Spongodes,  and 
a  great  many  others,  the  size  and  shape  of  the  spicules  are  extraordinarily  vari- 
able. In  the  matter  of  colour,  too,  we  find  the  same  thing.  The  genera  Tubipora 
and  Heliopora  are  widely  distributed  in  the  shallow  waters  of  the  tropical 
seas  and  are  very  variable  in  many  of  their  characters,  and  yet  there  is  not  a  single 
specimen  of  Tubipora  known  that  is  not  red,  nor  a  single  specimen  of  Heliopora 
that  is  not  blue.  The  same  may  be  said  for  several  other  species.  On  the  other 
hand,  many  species  of  Alcyonaria  are  extremely  variable  in  colour.  Thus, 
Muricea  chamaleon  is,  according  to  Von  Koch,  sometimes  yellow,  sometimes 
red,  and  in  some  cases  specimens  show  both  red  and  yellow  branches.  The 
specimens  of  Melitodes  dichotoma  in  Cape  waters  are  sometimes  red  and  some- 
times yellow.  In  a  small  species  of  Melitodes  from  the  Maldive  Archipelago 
there  is  a  very  remarkable  degree  of  variation  in  colour  botli  in  the  nodes  and 
intemodes,  the  details  of  which  I  have  briefly  described  in  vol.  ii.  of  Mr.  Gardiner's 
Results.  In  the  genus  Chironephthya,  also  from  the  same  Archipelago,  the 
variations  in  colour  are  very  remarkable,  the  spicules  of  the  general  coenenchjm 
showing  various  shades  of  red,  pink,  yellow,  and  orange,  and  the  crown  and 
points  purple,  yellow,  and  orange  colours  which  sometimes  agree,  but  usually 
do  not  agree,  with  the  general  colour  of  the  ccEnenchym.  The  variability  of  the 
genus  is  particularly  interesting,  as  in  Siphonogorgia,  the  genus  which  comes 
nearest  to  it,  and  is,  in  fact,  difficult  to  separate  from  it,  the  colour  of  the 
coenenchym  is  almost  invariably  red. 

To  summarise  this  knowledge  of  variability  in  the  Coelent^rata  we  may  say 
that  we  find  either  extreme  plasticity  or  remarkable  rigidity  in  many  of  their  most 
important  characters.  Such  important  and  essential  organs  as  the  tentacleo, 
stomodffium,  mesenteries,  &c.,  are  in  some  groups  very  variable  indeed,  and  in 
others  as  stationary  or  fixed  ;  we  find  the  same  with  organs  such  as  the  spicules  of 
Alcyonaria,  which  are,  so  far  as  we  can  judge,  of  less  essential  importance,  and  in 
characters,  such  as  colour,  which  must  be,  in  the  sedentary  forms  at  least,  of  minor 
importance. 

If  we  compare  this  with  what  we  find  in  the  higher  groups  of  animals  we 
observe  a  great  contrast.  In  fishes,  to  take  an  example  at  random,  we  may  find 
that  in  such  characters  as  the  size  and  weight  of  the  adults,  there  may  be  great  or 
considerable  variability,  but  in  the  essential  organs,  such  as  the  heart,  brain,  and 
stomach,  there  is  almost  complete  rigidity.  I  do  not  mean  by  using  the  expression 
'rigidity '  to  imply  that  minor  variations  in  size  and  shape  do  not  occur,  but  that 
major  variations,  such  as  a  doubling  of  the  stomach,  a  bifurcation  of  the  cerebral 
hemispheres  or  other  variations,  which  it  would  be  considered  grotesque  to  sug- 
gest even,  do  not  and  cannot  occur.  But  even  in  minor  characters,  such  as  colour, 
the  possible  range  of  variation  in  a  fish  is  far  less  than  in  Coelenterates.  We  may 
find  in  the  mackerel,  for  example,  that  individuals  differ  in  the  shade  and  range  of 
the  green  pigment,  but  we  do  not  find  in  any  species  of  fish  that  some  individuals 
are  red,  some  yellow,  some  purple,  &c. 

The  contrast  in  this  respect  between  the  Ccelenterate  and  the  fish  must  be 
associated  with  their  difierent  degree  of  complexity  of  structure.  In  a  complicated 
organisation  such  as  that  of  a  fish,  the  brain,  heart,  and  stomach  must 
mutually  work  together ;  they  must  be  co-ordinated  in  form  and  action.  Any 
profound  variation  or  abnormality  of  one  would  interfere  with  the  action  of  the 
others  and  would  therefore  be  incompatible  with  continued  existence.  In  the 
Ccelenterate,  however,  the  doubling  of  the  siphonoglyph,  the  duplication  or  quad- 
ruplication  of  the  mesenteries  does  not,  in  some  cases,  int^ere  materially  with 
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the  action  of  the  other  organs  of  the  hodj.  If  we  were  to  alter  the  size  or  shape 
of  some  part  of  a  simple  machine  it  might  he  ahle  still  to  do  its  work  the  hetter 
or  the  worse  for  the  change,  but  if  we  were  to  alter  the  corresponding  part  of  a 
complicated  machine  it  would  probably  throw  it  out  of  gear  and  prevent  any  work 
being  done  at  all. 

(rom  this  consideration  we  gather  that  in  the  process  of  the  evolution  of  tbe 
higher  forms  of  life  there  has  been  a  gradual  diminution  in  the  range  of  variation 
of  the  different  characters  of  the  body,  a  gradual  diminution  of  the  response  of 
these  characters  to  changes  of  the  environment.  Characters  which,  in  the  early 
stages  of  evolution,  were  probably  plastic  become  rigid. 

The  gradual  evolution  of  the  power  of  co-ordinated  movement  has  been  un- 
doubtedly accompanied  by  a  loss  m  the  variability  of  the  shape  of  the  body,  the 
gradual  evolution  of  a  blood  vascular  system  and  nervous  system  has  led  to  a  loss 
of  variability  in  the  alimentary  canal  with  which  they  are  associated.  In  the 
majority  of  cases,  however,  we  are  much  too  ignorant  of  the  facts  of  the  co-ordi- 
nation of  the  parts  of  the  body  or  of  the  co-ordination  of  any  one  part  to  the 
environment  to  be  able  to  frame  an  hypothesis  as  to  why  any  one  character  has  be- 
come rigid.  It  is  difficult  to  see  the  reason  why  the  number  of  the  tentacles  and 
mesenteries  in  Alcyonian  polyps  has  become  fixed  at  eight,  while  in  other  CoBlen- 
t^rates  these  characters  are  so  variable,  or  why  the  colour  of  Tubipora  is  always 
red,  and  of  Melitodes  Tariable. 

The  study  of  species,  however,  teaches  us  that,  in  all  cases,  except  perhaps 
in  some  examples  of  degeneration,  the  plastic  condition  of  the  characters  was 
antecedent  to  the  rigid,  that  in  the  earlier  stages  of  evolution  the  conditions  of 
extreme  plasticity  and  ready  response  to  changing  external  conditions  were  neces- 
sary for  the  survival  of  the  species;  and  that  in  the  later  stages,  when  special 
adaptations  to  special  circumstances  were  developed,  a  certain  rigidity  or  indiffer- 
ence to  changing  external  conditions  was  equally  necessary  for  its  survival. 

Now,  the  study  of  the  various  orders  of  Ooelenterates  conveys  a  very  strong 
impression  that  the  part  played  by  the  environment  in  the  production  of  the 
variations  of  the  adult  is  much  greater  in  proportion  than  it  is  in  the  higher  groups 
of  animals.  It  is  true  that  direct  proof  of  this  is  wanting.  Such  a  direct  proof 
can  only  be  obtained  by  experiments  in  rearing  and  breeding  under  varying 
conditions,  and  there  are  at  present  many  serious  difficulties  to  overcome  before 
experiments  of  this  nature  can  be  satisfactorily  made. 

Nevertheless,  the  circumstantial  evidence  in  favour  of  the  truth  of  this  impres- 
sion is,  to  my  mind,  so  strong  that  we  are  justified  in  considering  its  bearing  upon 
the  general  question.  It  is  quite  impossible  for  me  on  this  occasion  to  set  before 
you  at  all  adequately  the  general  nature  of  this  circumstantial  evidence.  To  do 
so  would  involve  statements  concerning  the  actual  variations  of  a  large  number  of 
species  already  observed  in  one  locality  and  in  several  widely  distributed  localities, 
with  a  discussion  of  the  possible  direct  influence  of  the  conditions  of  such  localities, 
so  far  as  they  are  known,  upon  each  of  the  principal  variations.  Such  statements 
would  necessarily  be  of  such  a  special  and  technical  kind  that,  even  if  time  per- 
mitted me  to  make  them,  they  would  notbe  suitable  for  an  Address  of  this  character. 
I  may  be  permitted  to  say,  however,  that  I  am  collecting  and  preparing  the 
evidence  for  publication  on  this  point  at  a  later  date.  There  can  be  no  doubt, 
however,  from  the  evidence  1  have  already  submitted  to  you  in  part,  that  some 
species  are  far  more  influenced  by  changes  in  the  environment,  or,  to  simplify  the 
expression,  are  far  more  plastic  than  others ;  and  we  may  conclude  that  in  the 
evolution  of  other  groups  of  animals  the  earlier  forms  were  far  more  plastic  than 
their  modem  descendants.  In  the  earlier  stages  of  evolution  there  must  have 
been  in  the  first  instance  a  lessening  of  the  power  of  change  in  structure  according 
to  change  of  environment.  The  fixity  or  rigidity  of  certain  characters  thus  pro- 
duced enabled  a  more  elaborate  co-ordination  both  in  form  and  action  to  occur 
between  one  set  of  organs  and  another.  It  permitted  a  further  localisation  and 
specialisation  of  functions,  or,  in  other  words,  further  dififerentiation  of  the  animal 
tissues. 

Accompanying  this  differentiation  there  was  a  loss  in  the  power  of  regeneration 
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Ab  Tremblej  showed  manj  years  ago,  a  Hydra  can  be  cut  into  many  piec«8,  and 
each  by  the  regeneration  of  the  parts  that  are  missing  will  giye  rise  to  a  compkto 
individual.  The  Earthworm  can,  when  cut  in  half,  regenerate  a  now  tail  but  not 
a  new  head  region.  An  Arthropod  dies  when  cut  in  half,  bat  has  the  power  of 
regenerating  new  appendages  in  place  of  those  that  are  lost.  But  in  Vertebrates 
there  is  Tery  little  power  of  regenerating  new  appendages,  and  the  general  powers 
of  regenerating  new  parts  are  reduced  to  a  minimum. 

Now,  whether  the  loss  in  the  plasticity  of  characters  was  the  cause  of  the  loss 
in  the  power  of  regeneration  of  lost  parts,  or  the  loss  in  the  powers  of  regeneration 
was  the  cause  of  the  loss  of  plasticity,  is  a  problem  upon  which  I  do  not  feel  we  are 
competent  to  express  a  definite  opinion ;  but  that  the  two  series  of  phenomena  are 
intimately  associated  is,  I  believe,  a  generalisation  that  is  worth  a  good  deal  of 
further  thought  and  study. 

In  Vertebrates,  however,  although  the  power  of  regeneration  of  lost  parts  is  at  a 
minimum,  it  is  not  by  any  means  entirely  wanting.  The  muscles,  nerves,  epithelia, 
and  other  tissues,  are  able  to  repair  injuries  caused  by  accident  and  disease. 
And  similarly,  although  the  power  of  response  of  various  organs  to  the  chanm 
of  external  conditions  in  Vertebrates  is  very  much  diminished  as  compared  with 
that  in  the  lower  groups  of  the  animal  kingdom,  it  still  remains  in  an  appreciable 
degree.  Whether  the  curves  of  variation  of  the  so-called  fluctuating  characters  of 
Vertebrates  represent  simply  or  solely  the  influence  of  the  environment  on  the 
organism  cannot  at  present  be  determined  with  any  de^ee  of  certainty ;  but  it 
appears  to  me  that  zoological  evidence,  confirmed  as  it  is  in  such  a  remarkable 
way  by  the  recent  researches  of  the  botanists,  points  very  strongly  to  the 
conclusion  that  the  major  part  of  each  such  curve  is,  after  all,  but  an  expression  of 
the  influence  of  the  environment.  In  venturing  to  put  before  you  these  considera- 
tions, I  am  quite  conscious  of  the  vastness  and  complexity  of  the  problems  involved 
and  of  the  many  omissions  and  imperfections  which  a  short  Address  of  this  kind 
must  contain.  Not  the  least  of  these  omissions  is  that  of  any  reference  to  the 
distinction  that  might  be  drawn  between  continuous  and  discontinuous  yariatioDB 
in  the  simpler  forms  of  life.  This  is  a  matter,  however,  which  involves  so  many 
interesting  and  important  questions  that  I  have  felt  it  to  be  beyond  the  scope  of 
my  Address  to-day. 

We  are  still  in  need  of  further  systematic  knowledge  of  the  widely  distributed 
ppecies  of  Coelenterates ;  we  want  to  be  able  to  form  a  more  definite  opinion  than 
we  can  at  present  upon  the  value  of  specific  distinctions,  and  we  need  still  further 
observations  and  descriptions  of  the  phenomena  of  irregular  facies,  abnormal 
growths,  and  meristic  variations.  But  more  important  still  is  the  need  of  farther 
researches  in  the  field  of  experimental  morphology. 

When  we  have  accumulated  further  knowledge  on  these  lines  in  a  group  of 
animals  such  as  the  Cksleuterata,  of  relative  simple  organisation,  we  shall  be  m  a 
better  position  than  we  are  now  to  deal  with  the  problems  of  heredity  and 
variation  in  the  far  more  complicated  groups  of  Arthropoda  and  Vertebrates. 


THURSDAY,  SEPTEMBER  10. 
The  following  Papers  and  Reports  were  read  : — 

1.  Some  Results  on  the  Morphology  and  Development  of  Recent  and 
Fossil  Corals}     By  J.  E.  Duerden,  PA.2>.,  A,R.C.Sc.  (Lond.) 

The  paper  gave  a  brief  account  of  the  results  obtained  from  a  morphological 
study  of  the  polyps  of  over  thirty  species  of  West  Indian  corals  collected  by  the 
author  while  Curator  of  the  Museum,  Jamaica ;  also  a  preliminary  note  upon  the 
relationships  of  the  extinct  Tetracoralla  to  living  Zoanthids. 

»  Has  appeared  in  Me7H.  cf  Nat,  Acad,  of  Soience$^  Washington,  vol  vUi 
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Decalcification  of  the  coral  stocks  has  revealed  the  general  occurrence  of  boring 
filamentcus  alga  of  both  ffreen  and  red  species.  Their  corrosive  activity  was  shown 
to  result  in  the  ultimate  destruction  of  coral  masses,  and  has  an  important  bearing 
upon  theories  of  the  disappearance  of  coral  rock.  The  colours  of  West  Indian 
living  polyps  are  mainly  due  to  the  presence  within  the  endoderm  of  symbiotic 
vellow  ceViAsooxanthelUB :  this  colour  may  be  modified  by  pigment  cells,  accumu- 
lations of  pigment  granules,  or  superficial  deposits. 

The  column-wall  never  exhibits  more  than  a  feeble  difiuse  endodermal  sphincter 
muscle,  and  in  most  species  the  wall  can  overfold  the  tentacles  and  disc.  The 
tentacles  are  mostly  knobbed  and  in  close  alternating  hexameral  cycles,  but  in 
some  forms  they  are  widely  apart.  The  stomocUeum  is  without  true  siphonoglyphs 
or  gonidial  grooves ;  in  some  the  walls  are  deeply  ridged  and  grooved  all  round. 
The  mesenteries  in  genera  reproducing  by  buddmg  conform  to  the  cyclic  hexameral 
plan,  while  this  is  altogether  departed  from  in  forms  increasinsf  by  tission.  The 
mesenterialjilaments  are  simple,  never  trilobed  as  in  most  Actinians ;  they  can  be 
extruded  through  any  part  of  the  polypal  wall  along  with  the  mesentery  to  which 
they  are  attached.  The  skeleton  or  corallum  is  an  ectoplastic  formation  laid  down 
within  a  mesogloea-like  matrix. 

Asexuai  reproduction  is  by  gemmation  and  fissiparity.  In  gemmation  each  new 
polyp  reproduces  all  the  essential  features  of  the  larval  polyp ;  in  fission  no  new 
individuals  are  produced,  the  original  polyp  merely  becomes  more  and  more  com- 
plex and  multioral.  The  enlarged  polyps  sometimes  met  with  in  a  state  of  fission 
on  gemmiferous  colonies  are  shown  to  represent  a  specialised  form  of  reproduction 
Xwme^Jissiparous  gemmation. 

Coral  polyps  are  hermaphrodite,  but  protogyny  and  protandry  seem  to  occur. 
The  narrow  aboral  pole  of  the  larva  is  usually  provided  with  a  special  nervous 
development  which  seems  to  represent  a  larval  sense  organ.  The  primary  six  pairs 
of  mesenteries  (protocnemes)  arise  as  bilateral  pairs  in  a  succession  which  is  ap- 
parently the  same  in  all  species ;  the  six  pairs  constituting  the  secondary  cycle 
arise  bilaterally  as  unilateral  pairs  in  a  dorso-ventral  sequence ;  the  twelve  pairs 
forming  the  tertiary  cycle  also  appear  as  unilateral  pairs  in  a  bilateral  manner 
from  the  dorsal  to  the  ventral  aspect,  but  in  a  two-fold  succession. 

The  studies  so  far  conducted  on  the  Tetracoralla  or  Jiugosa  indicate  that  the 
primary  septal  plan  is  hexameral.  The  metasepta  appear  as  successive  bilateral 
pairs  horn,  a  single  region  within  only  four  of  the  six  exoccelic  chambers,  the  corallite 
retaining  in  the  adult  a  bilateral  symmetry,  not  the  multicyclic  rarlial  condition. 
The  septal  development  is  such  as  would  be  followed  in  polyps  with  a  mesenterial 
growth  similar  to  that  in  recent  Zoanthids,  except  that  here  additional  mesenteries 
arise  within  only  the  two  ventral  exocoelic  chambers. 


2.  Tlie  Coral  Formations  of  Zanzibar  and  East  Africa. 
By  Cyril  Crossland. 

Although  the  land  fauna  of  Zanzibar  and  East  Africa  is  already  well  known, 
very  little  attention  had  been  paid  to  that  of  the  sea  until  Sir  Charles 
Eliot,  K.C.M.G.,  was  appointed  H.M.  Consul-General  at  Zanzibar,  and  Commis^ 
sioner  for  British  East  Africa,  when  he  generously  provided  for  the  author  to 
accompany  him. 

The  island  of  Zanzibar  is  60  miles  in  length  by  20  in  breadth.  The  outline 
of  the  east  coast  is  very  regular,  its  only  prominent  features  being  an  outlying 
reef,  called  Mnemba,  in  the  north,  and  Chuaka  Bay  at  about  the  middle 
of  its  length.  Tlie  whole  extreme  part  of  the  island  is  composed  of  coral  lime- 
stone or  '  rag,'  low  and  deeply  undermined  clifils  which  form  the  greater  part  of  the 
east  coast  and  of  Pemba  and  the  mainland.  Below  these  is  a  very  regular  fringing 
reef  from  I  to  3  miles  wide,  upon  the  edge  of  which  the  surf  breaks,  leaving 
a  sheltered  boat  channel  along  the  shore.  Beyond  the  edge  of  the  reef  the  depth  of 
Uie  water  drops  almost  at  once  10  or  more  fEithoms.  The  larger  features  of  the 
nef  are  deecriDed  in  previous  accounts  as  being  of  the  usual  kind,  and  due  to  the 
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continuous  growth  of  corals  and  nullipores.  When  e:tamined  In  detail  tbeir  structure 
ne^tives  this  conclusion,  and  shows  them  to  have  heen  carved  out  by  the  se* 
from  the  dead  mass  of  crystalline  coral  limestone  whose  upheaval  formed  the 
island  of  Zanzihar  and  the  adjacent  coasts  of  the  mainland.  Growing  corals  are 
almost  totally  absent  from  the  reef  edge,  and  nullipores  do  no  more  than  thinly 
cover  at  most  hslf  its  surface.  Further,  stones  of  exactly  the  properties  of  th^ 
rock  of  the  cUffs  occur  on  the  reef  edge,  and  their  presence  in  this  situation  is 
inexplicable,  except  by  the  supposition  that  they  are  the  hardest  renmanta  of  the 
mass  of  rock  removed  by  the  sea  during  the  formation  of  the  reefs. 

In  a  few  places  corals  and  nullipores  flourish  in  the  boat  channel  ei^ier  as 
cylinders  of  Pontes  or  as  irregular  blocks  formed  by  the  co-operation  of  several 
coral  genera  with  a  vigorous  growth  of  nullipores,  the  appearance  of  the  whole 
block  l>eing  wonderfully  rich  and  beautiful.  In  one  place  the  growth  of  these 
has  continued  until  their  coalescence  has  produced  a  continuous  surface  in  appear- 
ance like  that  of  the  old  reef  rock,  but  distinguishable  from  that  by  its  soraiess 
and  appearance  when  broken. 

The  island  of  Pemba  is  very  similar  in  structure  to  that  of  Zanzibar,  and  it  has 
along  its  eastern  coast  a  fringing  reef,  but  very  much  narrower,  and  its  boat 
channel  is  rudimentary.  The  reef  edge  is  similar  to  that  of  Zanzibar,  except  in  \U 
flora  and  fauna,  which  are  strikingly  different.  Instead  of  the  areas  being 
covered  by  brown  filamentous  seaweeds,  there  is  on  the  Pemba  reef  edge  a 
vigorous  growth  of  nullipores  which  cover  every  available  space.  Stunted  corals, 
Alcyonaria  of  various  genera  are  also  abundant.  Even  if  nothing  is  being  added  to 
the  mass  of  the  reef  by  these  organisms,  their  presence  aflbrds  a  perfect  protection 
from  wave  action  to  the  underlying  rock. 

The  theory  of  the  ori^n  of  these  reefs  by  the  ero^on  and  solution  of  elerated 
coralline  limestone  is  corroborated  by  the  state  of  the  shore  where  it  is  sheltered 
from  the  surf  by  the  outlying  Mnemba  reef.  The  definite  reef  form  is  lost,  the 
shore  not  only  becoming  narrow,  but  consisting  of  irregular  patches  of  sand  and 
rock  as  in  the  shores  of  temperate  seas. 

The  Mnemba  reef  itself  bears  a  proportionately  tiny  sand  islet,  interesting  as 
having  been  in  the  past  a  rendezvous  for  pirates,  as  evidenced  by  a  most  carefully 
built  well,  every  stone  of  which  must  have  been  imported  from  the  reef  edge  three 
miles  away  or  from  Zanzibar.  It  is  quite  certain  that  no  natives  of  this  district, 
in  which  a  stone  house  is  a  rarity,  would  ever  dream  of  such  exertions  as  this 
structure  must  have  required,  especially  for  the  water  supply  of  an  island  now 
inhabited  but  temporarily  by  octopus  fishers. 

The  pear-shaped  reef  has  a  raised  edge  like  that  of  the  reefs  of  Zanzibar  along 
its  exposed  eastern  and  southern  sides,  within  which  is  a  succession  of  pools  and 
channels  just  passable  afoot  at  low  spring  tides. 

If  this  I'eet  had  been  situated  in  the  open  ocean,  so  that  with  the  change  of  the 
monsoons  every  side  would  be  exposed  to  the  surf,  it  would  have  a  raised 
edge  all  round,  the  centre  becoming  a  shallow  lagoon.  Thus  would  be  produced  a 
typical  atoll  formed,  not  by  growth  of  organisms  in  situ,  but  by  the  solvent  and 
eroding  action  of  the  sea  upon  a  mass  of  upheaved  long-dead  coral  limestone. 

Other  reefs  which  have  assumed  the  atoll  form  by  the  action  of  the  same 
forces  are  found  in  every  stage  of  formation  in  the  immediate  neighbourhood 
of  Zanzibar  town  and  elsewhere.  The  first  stage,  that  of  an  island  of  rock 
standing  on  a  fiat  much  larger  than  itself,  is  exemplified  by  Prison  Island. 
The  original  purpose  of  the  building  upon  this  is  explained  by  the  name,  but  the 
prisoners  petitioned  so  earnestly  against  their  removal  to  the  island,  lest  they 
should  die  of  cold,  that  it  was  never  used  for  its  original  purpose,  and  has  become 
one  of  the  segregation  houses  of  the  Quarantine  station.  Obviously  a  continuation 
of  this  process  of  erosion  will  result  m  the  total  removal  of  the  island,  leaving  a 
rock  flat  level  with  the  surface  of  the  water  at  low  spring  tides.  The  edg^es  of 
this  are  protected  from  further  destruction  by  the  growui  upon  them  of  organisms, 
including  in  many  of  these  cases  vigorously-growing  corals.  The  central  parts 
are,  however,  removed  by  solution,  forming  a  miniiKare  lagoon  as  shown  in  tiie 
charts  exhibited. 
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The  island  of  Pidmba  possesses  a  barrier  of  reefs  and  limestone  islands  off  its 
west  coast,  inside  which  are  long  bays  which  penetrate  into  the  heart  of  the 
island,  and  were  famous  in  the  days  of  the  slave  trade  as  secure  hiding-places  for 
Arab  dhows  from  our  cruisers'  boats.  Along  the  mainland  coast  is  a  succession  of 
reefs  and  islets,  forming  a  continuation  of  the  barrier  system  of  which  the  island 
of  Zanzibar  is  a  swollen  portion.  The  channel  portion  between  it  and  the  main- 
land,  though  much  narrower  than  that  of  Zanzibar,  is  like  it  in  its  depth  of  from 
15  to  80  fathoms.  At  Chale  Point,  and  again  to  the  north  of  Mombasa,  this 
barrier  becomes  curiously  regular  and  narrow,  almost  like  an  artificial  breakwater. 
But  here,  as  elsewhere,  coral  is  quite  absent,  the  reef  being  formed  of  elevated 
limestone.    The  conclusions  reached  are  summarised  as  follows : — 

1.  There  are  here  no  reefs  due  to  growth  of  corals  and  nullipores  in  situ, 

2.  There  have  been,  in  geologically  recent  times,  great  growing  reefs,  the 
upheaval  and  crystallisation  of  which  have  formed  the  rock  of  the  whole  coast 
and  outlying  islands  and  reefs. 

3.  That  all  the  forms  characteristic  of  growing  coral  reefs  have  been  carved 
out  of  this  upheaved  limestone  by  the  eroding  and  solvent  action  of  the  sea. 

Examples :  Fringing  reefs,  east  coasts  of  Zanzibar  and  Pemba.  Barriers,  off 
the  mainland  and  west  coast  of  Pemba.  Atolls,  Mnemba  and  certain  reefs  from 
Zanzibar  Channel  and  elsewhere^ 


3.  Ifotes  on  tlie  Coral  Reefs  of  the  Indian  Ocean. 
By  J.  Stanley  Gardiner,  M,A. 


4.  Septal  Sequence  in  the  Coral  Siderastrcea. 
By  J.  E.  DuERDEN,  Ph.D.,  A.E.C.Sc.  (Land,) 

The  six  members  of  the  first  cycle  appear  simultaneously  within  the  entocoeles 
of  the  first  cyde  of  mesenteries.  Shortly  after  six  septa  appear  in  a  dorso-ventral 
manner  withm  the  six  primary  exocceles ;  later  they  become  bifurcated  peripherally, 
either  by  direct  extension  of  the  original  septum  or  by  the  production  of  separate 
nodules,  which  afterwards  fuse. 

The  second  cycle  of  mesenteries  having  appeared,  new  septa  arise  peripherally 
within  their  entocoeles  in  the  same  radii  as  the  six  primary  exosepta.  Later 
these  second-cycle  entosepta  fuse  with  the  original  primary  exosepta,  and  become 
the  secondary  septa  of  the  mature  corallite,  while  the  bifurcations  of  the  six 
primary  exosepta  now  form  the  third  cycle  of  twelve  exosepta.  The  exosepta  of 
the  third  cycle  afterwards  bifurcate,  and  on  their  appearance  the  third-cycle 
mesenteries  are  included  by  them.  New  septa  then  arise  within  the  entocoeles  of 
the  third-cycle  mesenteries,  fuse  with  the  third-cycle  exosepta  in  the  same  radii, 
and  constitute  the  adult  third-cycle  septa.  The  twenty-four  exosepta  of  the 
fourth  cycle  are  formed  from  the  bifurcations  of  the  temporary  third-cycle  septa. 

Exosepta  are  thus  present  at  each  cyclic  stage  in  the  growth  of  the  corallite, 
alternating  in  position  and  corresponding  in  numterwith  the  sum  of  the  entosepta. 
They  never  become  entosepta,  but  always  constitute  the  outermost  cycle  of  shorter 
septa;  only  the  entosepta  have  any  ordinal  significance.  The  developmental 
relationships  between  the  entosepta  and  exosepta  are  closely  comparable  with 
those  first  established  by  Lacaze-Duthiers  for  the  entot^ntacles  and  exotentacles 
of  actinians.  With  the  exception  of  the  first,  the  members  of  each  septal  cycle 
follow  a  dorso-ventral  succession,  display  a  bilateral  symmetry  for  some  time,  and 
ultimately  assume  an  approximate  radial  plan. 
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5.  Polymorphism  in  the  PenncUulida,^ 
By  Professor  Sydney  J.  Hickson,  F.R.S. 

Pennaiula  Marrayi  was  obtained  by  II.M.S.  *  Challenger '  off  tie  cotst  d 
Ceram,  and  was  first  described  by  KoUiker.  Recently  Moroff  has  described  aoae 
specimens  of  the  same  species  from  Japanese  waters. 

The  Dutch  Siboga  expedition  obtained  several  fine  specimens  In  the  Holocest 
which  have  been  placed  in  my  hands  for  examination. 

A  characteristic  feature  of  the  species,  recognised  by  Eolliker  and  Moroff,  ii 
the  presence  of  a  sins'le  large  siphonozooid  at  the  base  of  each  pinnule,  in  addittot 
to  numerous  other  siphonozooios  of  a  smaller  size  on  the  dorsal  and  lateral  adei 
of  the  rachis. 

The  large  siphonozooids  can  be  easily  recognised  with  the  naked  eye,  and  tn 
distinguished  in  well-preserved  spedmens  by  their  open  mouths  and  by  a  mn^ 
pair  of  papilliform  verrucse  hangmg  over  each  of  them. 

On  further  examination  the  large  siphonozooids  are  found  to  differ  from  tk 
ordinary  ones  in  the  large  size  of  the  stomodseum,  the  rudimentary  conditkn  of 
the  siphonoglyphy  and  the  extraordinary  development  of  the  muscles  on  die  latoil 
mesenteries. 

There  can  be  little  doubt  that  these  large  siphonozooids  are  adapted  to  8o^ 
special  function,  and  should  be  regarded  as  a  distinct  form  or  type  ot  zooid  in  tbe 
colony.    Nothing  similar  to  them  has  hitherto  been  described  in  the  Pennatohda. 


6.  Tli^  Assimilation  and  Distribution  of  Nutriment  in  Alcjoniam 
digitatum.    By  Edith  M.  Pratt,  M.Sc, 

When  working  out  the  comparative  anatomy  and  histology  of  several  geoen 
of  the  AlcyonicUn  certain   interesting  features  presented    themselves  in  those 

rrtions  of  the  zooids  which  are  apparently  devoted  to  the  dipestive  funcdoE. 
was  therefore  led  to  a  study  of  the  British  genus  Alcyonium  in  the  living  « 
well  as  the  preserved  condition,  and  subjected  numerous  specindens  of  the  tff^ 
digitatum  to  a  series  of  feeding  experiments  with  the  view  of  asoeartaioii? 
(1)  the  nature  of  the  food  supply,  (2)  the  manner  and  course  of  digestion,  tod 
(3)  the  subsequent  distribution  of  nutriment. 

The  principal  results  of  these  experiments,  which  were  carried  out  at  tb» 
Biological  Station  of  Port  Erin,  may  be  summarised  as  follows : — 

1.  The  Food  of  Alcyonium. — {a)  The  zooids  of  freshly  taken  colonies  d 
Alcyonium  only  in  rare  cases  contained  food  material,  which  consisted  of  fnt 
ments  of  minute  Crustacea,  (b)  Apparently  healthy  and  hungry  colonies  refoKs. 
with  one  or  two  exceptions,  to  feed  on  ova  of  the  cod,  plaice,  whiting,  floandB. 
and  extremely  small  embryos  of  the  crab  '  Qalathea.'  (c)  When  the  same  cokuiief 
were  placed  in  a  concentrated  tow-netting  containing  Nauplii,  Copepods,  sod 
Daphnids,  they  fed  on  these  small  Crustacea  with  great  avidity.  (<i)  Similv 
colonies  also  readily  fed  on  the  pounded  flesh  of  plaice,  whiting^  and  cod. 

From  these  experiments  one  would  conclude  that  the  coral  exercises  coe- 
siderable  choice  in  the  selection  of  food  material. 

2.  Course  and  Digestion  of  Food, — By  staining  the  pounded  flesh  of  fish  wiA 
borax  carmine  the  course  of  the  food  could  be  very  easily  observed  through  tlie 
transparent  body-walls  of  the  expanded  zooids. 

The  food  is  captured  by  the  tentacles.  If  living  it  is  killed  by  the  p<i0OiKd 
threads  of  the  nematocysts,  which  are  extremely  numerous  on  the  pinnate  ten- 
tacles. It  is  then  transferred  to  the  mouth  by  the  tentacles  and  swallowed.  Bi 
passing  through  the  stomodseum  it  receives  the  somewhat  scanty  secretion  £roa 
the  gland  cells  lining  its  walls.  It  then  passes  into  the  ccelenteric  cavity,  wbp 
it  is  enfolded  and  squeezed  by  the  ventral  and  lateral  mesenterial  filamentB,  wfak^ 
also  pour  on  to  the  food  a  copious  secretion  from  tbeir  gland  cells,  which  m 

*  Will  be  published  in  ewtenso  in  the  Reports  of  the  Siboga  expedition. 
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identical  in  appearance  with  those  of  the  stomodflBum.  With  the  exception  of 
the  genus  Xenia  the  occurrence  of  gland  cells  in  the  stomodaaum  has  not  hitherto 
been  recorded  in  any  other  member  of  the  familj.  I  havei  however,  observed 
them  in  every  other  genus  which  I  have  had  the  opnortuoity  of  examining ;  it  is 
therefore  very  probable  that  they  occur  throughout  tne  family. 

The  secretion  from  the  gland  cells,  combined  with  the  pressure  exerted  by 
the  mesenterial  filaments,  breaks  up  the  food  into  minute  particles,  which  are 
ingested  and  suheequently  digested  by  the  amosbotd  endoderm  cells  of  the  ventral 
and  lateral  mesenterial  filaments.  Particles  of  food  which  escape  the  filaments 
are  apparently  taken  up  by  the  amoBboid  endoderm  cells  lining  the  coelentron 
and  canals. 

3.  Distribution  of  Nutriment, — I  have  observed  the  stellate  cells,  which  com- 
pose the  so-called  'mesogloeal  nerve-plexus,*  to  withdraw  and  thrust  out  the 
processes  which  have  been  called  '  nerve-fibnls,'  and  by  this  means  change  their 
shape  and  position.     These  cells  therefore  are  anuBboid. 

After  squirting  clouds  of  finely  powdered  carmine  about  the  extended  tentacles 
of  expandcnd  zootds  for  several  days,  particles  of  carmine  were  observed  to  be 
present !  (1)  in  the  amoeboid  endoderm  cells  of  the  ventral  and  lateral  mesen- 
terial filaments  and  coslentron;  (2)  in  the  amoeboid  cells  of  the  endodermal 
canals ;  (3)  in  the  stellate  cells  comprising  the  so-called  '  nerve-plexus,'  which 
I  have  observed  to  be  amoeboid. 

The  amoeboid  endoderm  cells  containing  carmine  particles  were  observed  to 
thrust  out  processes  into  the  mesogloea  and  to  assume  a  condition  identical  in 
appearance  with  the  stellate  cells  composing  the  '  nerve-plexus.' 

I  would  therefore  suggest  that  the  distribution  of  nutriment  is  effected  in  the 
following  manner.  Certain  amoeboid  endoderm  cells  loaded  with  nutriment 
'w^ander  or  have  wandered  into  the  mesogloea,  wbere  they  form  an  amoeboid 
plexus  of  cords  and  strands  of  cells  which  extends  throughout  the  colony.  The 
intimate  connection  between  the  digestive  endoderm  cells  of  the  zooids  and  the 
plexus  is  maintained.  If  we  suppose  that  throughout  the  plexus  the  nutritive 
protoplasm  may  be  transferred  Irom  cell  to  cell — and  the  presence  of  carmine 
particles  in  the  mesogloeal  plexus  atTords  substantial  evidence  for  believing  this 
to  be  the  case — then  this  system  of  amoeboid  cells  must  be  regarded  as  a  nutritive 
plexus^  and  by  its  means  nutriment  may  be  conveyed  from  the  digestive  endoderm 
cells  of  the  zooids  to  every  portion  of  tne  colony. 


7.  On  the  Origin  ofUie  Epiphysis  in  Amphibia  as  a  Bilateral  Structure, 
By  John  Cameron,  M,B, 

In  very  early  embryos  of  Amphibia  (Rana,Biifo,  Triton),  the  epiphysis  is  found 
to  develop  in  the  form  of  two  small  recesses  or  outgrowths  from  the  roof  of  the 
fore-brain,  which  are  placed  on  either  side  of  the  mesial  plane.  The  right  recess 
terminates  its  existence  by  blending  with  the  more  rapidly  developing  left  recess. 
This  active  growth  on  the  part  of  the  latter  causes  the  epiphysial  opening  to 
become  situated  to  the  left;  of  the  mesial  plane  in  the  majority  of  cases.  These 
above  observations  in  the  case  of  the  amphibia,  correspond  in  many  ways  with 
those  of  B^raneck,  Dendy,  Gaskell,  and  Locy  in  other  vertebrate  types.  During 
the  later  stag^es  of  development  in  amphibia  there  are  distinct  evidences  of  the 
bilateral  origin  of  the  epiphysis ;  for  the  portion  in  relationship  to  the  superior 
commissure  (fibres  from  which  form  the  nerve-supply  of  the  pineal  eye),  along 
•with  the  part  distal  to  this,  together  currespona  to  the  pineal  eye  of  Ilatteria, 
while  the  remainder  of  the  proximal  portion  wnich  commumcates  with  the  thala- 
mencephalon,  corresponds  to  the  epipnysial  stalk  of  Hatteria.  The  degenerative 
condition  of  the  amphibian  epiphysis  is  probably  due  to  this  blending  together  of 
the  right  and  left  primary  recesses — the  result  of  this  being  that  they  mutually 
interfere  with  one  another's  growth.  This  observation  is  supported  by  the  fact 
that  the  left  epiphysial  outgrowth  in  Hatteria  (according  to  Dendy)  remains 
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distiDot  from  the  one  on  the  right  side,  and  becomes  developed  into  a  weU-fonnM 
pineal  eye. 

In  the  lower  vertebrate  classes  the  epiphysis  is  to  be  recognised  as  a  Inlater&i 
and  not  as  a  mesial  structure,  and  in  audition  to  this  it  may  be  noted  that  the 
ancestors  of  vertebrates  probably  possessed  a  pair  of  parietal  eyes  (Gaskell  and 
Dendy). 


8.  Final  Report  ofiJie  Committee  on  the  Migration  of  Birds, 
See  Reports,  p.  289. 


9.  Report  of  the  Committee  on  the  Occupation  of  a  Table  at  the  Zoological 
Station  at  Naples. — See  Reports,  p.  282. 


10.  Report  of  Hie  Committee  on  the  Index  Animaiium, 
See  Reports,  p.  288. 


11.  Report  of  the  Committee  on  the  Zoology  of  the  Sandwich  Islands, 
See  Reports,  p.  305. 


12.  Fourth  Report  of  the  Committee  on  Coral  Reefs  of  the  Indian  Regiont 
See  Reports,  p.  305. 


13.  Interim  Report  of  the  Plymouth  Marine  Laboratory  Committee. 


14.  Report  of  the  Millport  Marine  Laboratory  Committee. 
See  Reports,  p.  308 


^Department  op  Physiology. 
The  following  Reports  were  read : — 

1.  Report  of  the  Committee  on  the  Microchemistry  of  Cells. 
See  Reports,  p.  310. 


2.  Report  of  the  Committee  on  the  Stale  of  Solution  of  Froteids. 
See  Reports,  p.  30i. 


3.  Interim  Report  of  the  Committee  on  the  Physiological  Effects  of  Peptone. 


4.  Interim  Report  of  the  Committee  on  the  Functions  of  Visual  Purple  on 

the  Retina, 
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FRIDAY.  SEPTEMBER  12. 

After  the  President  had  delivered  his  Address  (see  p.  673),  the  following  Papers 
were  read : — 

1.  The  Bionomics  of  Convoluta  roBcoffensis,  with  special  reference  to  its 
Green  Cells}    By  Frederick  Keeble,  M.A,^  and  R  W.  Gamble,  D,Sc, 

Convoluta  is  remarkable  for  its  green  cells.  Geddes  showed  that  these  cells 
assimilate  and  form  a  reserve  of  starch.  V.  Graff,  failing  to  find  any  trace  of  gut 
or  food  in  Convoluta,  concluded  that  the  animal  is  wholly  dependent  on  the  green 
cells  for  its  food.  Geddes'  observation  that  Convoluta  dies  within  two  days  if  kept 
in  darkness  is  also  taken  as  indicating  the  same  dependence  of  the  animal.  Haber- 
landt  investigated  the  histology  of  the  green  cells  and  discussed  their  origin 
without  coming  to  any  well-founded  conclusions,  leaving  it  uncertain  whether  the 
l^reen  cells  enter  the  animal  from  without  or  arise  within  it. 

Our  researches  deal  with  the  relation  between  green  cell  and  animal  and  with 
the  question  of  the  origin  of  the  green  cell.  We  find  that  Convoktta  feeds  vora- 
ciously, taking  up  diatoms,  algse,  spores  of  various  kinds,  litmus,  indigo,  lamp-black, 
and  pot«to-stfl^h ;  that  Convoluta  lives  for  three  weeks  in  darkness  without  any 
€36p6cial  precautions ;  and  that  the  store  of  starch  is  reduced  very  slowly,  not  dis- 
appearing until  after  eight  days.  Emm  these  conclusions  it  would  appear  that 
Convoluta  is  less  completely  dependent  on  the  green  cell  than  was  supposed. 
^Nevertheless  under  certain  circumstances  the  animal  digests  its  own  green  cells. 

With  respect  to  the  origin  of  the  green  cells  Georgevitch  has  shown  that  the 
larvse  of  Convoluta  are  colourless,  and  that  they  die  in  two  days  if  kept  in  filtered 
w^ater.  We  show  that  the  earliest  stage  of  the  green  cell  is  a  colourless  or  almost 
colourless  cell ;  that  colourless  larvas  may  be  kept  in  filtered  water  for  upwards  of 
n  month ;  and  that  when  sea-water  is  added  infection  follows,  whereas  when  main- 
tained with  sufficient  precautions  in  filtered  sea-water  no  infection  occurs.  We 
conclude  that  the  green  cell  is  an  alga,  a  stage  in  the  life-history  of  an  organism 
-widely  distributed  in  sea- water ;  that  it  makes  its  way  into  the  body  of  Convoluta, 
multiplies  there,  and  almost  invariably  dies  with  its  host.  From  the  characters  of 
the  green  cell  we  conclude  that  it  is  a  hypertrophied  zoospore. 

Questions  of  considerable  interest  still  remain,  as  in  all  cases  of  symbiosis.  For 
example,  the  origin  of  the  proteid  food  material  required  by  both  animal  and  plant ; 
the  question  as  to  whether  the  animal  may  avail  itself  of  the  carbohydrates  of  the 
green  cell  otherwise  than  by  destroying  that  cell. 


2.  Note  on  the  Skull  of  Grampus  griseus ybw^ic?  on  the  Coast  near  Galway^ 
By  Professor  Kichard  J.  Anderson,  M,D. 

A  grampus  of  considerable  size  got  stranded  on  the  coast  near  Qalway  a  few 
years  ago.  The  carcass  was  lost,  but  the  skull  was  found  last  winter ;  and  as  this 
cetacean  is  far  from  common  in  Ireland,  a  few  points  with  reference  to  the  structure 
of  this  fragment  may  be  noted.  The  skull  is  much  smaller  than  that  of  Globio- 
cephalus  melas,  and  much  less  massive,  and  the  sockets  for  the  teeth  in  the  upper 
jaw  are  small  and  inconspicuous.  It  is  evident  that  the  sockets  have  been  filling 
up  for  years.  The  number  of  teeth  in  Grampus  yriseus  varies  from  two  to  six  in 
the  lower  jaw.  They  are  more  numerous  in  the  young  mature  than  in  the  old,  and 
the  upper  jaw  seems  to  be  edentulous ;  the  teeth  are  deciduous.  A  young  skull 
found  on  the  beach,  some  time  ago,  which  belonged  to  a  small  specimen  washed 
ashore,  was  considered  to  be  that  of  a  Grampus  yriseus  {Rissoanus)  by  Professor 
D'Arcy  Thompson,  in  all  probability  the  offspring  of  the  specimen  here  noted. 
The  length  of  the  animal  was  probably  about  12  feet.  This  size  corresponds 
to  that  of  Rissoanus,    This  is  borne  out  by  the  dental  groove,  traces  of  which,  ab 

*  Will|appear  in  the  Proc,  Roy,  ^oc,  Lonion, 

Digitized  by  060gle 


tJ92  REPOBT— 1903. 

well  as  of  three  tooth-eookeU  on  one  side  and  four  on  the  other,  stOl  Mail 
The  pterygoids  touch.  The  premaxUlso  show  an  elongated  triangular  vmaa  it 
front  of  the  blow-holee. 


3,  Note  on  the  Peritoneum  in  Males  taxus. 
By  Professor  Biohard  J.  Andbrson,  M.D. 

The  peritoneum  in  a  badger  examined  s^me  time  ago  presents  some  poinUof 
interest 

The  yena  cava  posterior  occupies  the  usual  position  behind  the  level  of  Ue 
anterior  end  of  the  right  kidney.  The  rein,  however,  after  receivine  the  rif^ 
renal  becomes  separated  from  the  posterior  abdominal  wall,  and  wiui  a  m^ 
investment  of  peritoneum  goes  forward  to  the  liver. 

So  marked  was  this  venous  cord  that  the  space  between  it  and  the  abdoBUsil 
wall  was  for  a  moment  mistaken  for  the  foramen  of  Winslow,  which,  hoirerer, 
was  immediately  seen  lying  to  the  left. 

A  cord  was  found  on  the  left  side  reaching  from  the  kidney  to  the  omentoa. 
and  this  trabecular  band  seem^  to  have  been  generated  in  a  somewhat  smlir 
manner  to  that  in  which  the  right  one  arose. 

The  question  arose  here  whether  the  foramen  of  Winslow  may  not  be  aided  in 
forming  by  the  growth  of  the  upper  part  of  the  liver,  which  may  induce  a  s^an* 
tion  of  the  vessels  included  in  tne  omentum. 


4.  TJie  Skvll  of  XJrsus  omatus. 
By  Professor  Richard  J.  Anderson,  M.D. 

The  bear  of  the  Ck>rdilleraB,  Urmis  (f)  omcUits,  was  at  one  time  regarded  at  iS 
ally  of  Urms  malauanus.  The  nasal  bones  in  both  genera  are  short,  and  vhilft 
the  swollen  parietal  region  in  nudayanus  suggests  a  more  elevated  position,  tk 
greater  depth  of  the  skull  is  equally  suggestive  of  a  higher  type  in  XJrsut  amaiP- 
The  great  crest  of  the  skull  in  the  latter  type  is  not  unlike  a  similar  stmctore  a 
Cebus,  a  monkey  which  the  greater  depth  of  the  skull  brings  the  bear  to  reserabk; 
and  it  is  necessary  to  prop  the  skull  by  a  wedge  introduced  beneath  the  oeeipittl 
in  order  to  display  the  parts  to  the  best  advantage,  and  to  make  the  skull  restos 
the  inferior  margin  of  the  lower  jaw.  In  Ursus  polaris  the  skull,  it  will  be 
remembered,  lies  flat  upon  a  table. 

The  plane  of  the  nasal  apertures  meets  the  alveolar  plane  at  a  high  m^-^ 
The  safi^ttal  ridge,  which  goes  directly  back,  is  placed  at  an  angle  of  f^' 
to  the  plane  of  the  anterior  nares.  The  ridge  is  parallel  to  the  plane  pstfu^ 
tWough  the  lower  border  of  the  mandible. 

The  coronoid  process  is  4  J  inches  above  the  level  of  the  angle  of  the  lower  jav, 
and  the  angle  is  inflected. 

The  line  joining  the  summit  of  the  occipital  bone  with  the  angle  of  the  lower 
jaw  is  nearly  parallel  to  the  line  joining  the  inter-premaxillary  suture  to  tlw 
nasals.    The  skull  is  thus  rhomboidal  (or  rhombohedral)  in  profile. 

The  summit  of  the  nasals  is  directly  above  the  first  molar.  Compared  witbi 
Howler  monkey  the  nasal  summit  was  found  to  be  directly  above  the  anterior 
premolars.  The  length  of  the  skull  is  24  cm.,  height  14  cm.,  breadth  16  cat 
between  the  zygomata,  and  9  cm.  between  the  most  prominent  parts  of  t^ 
parietals. 

The  capacity  of  the  cranial  cavity  in  the  skull  examined  is  greater  than  that 
of  Ur8U8  americanuif  of  Ursus  thibetantts  {torquatiu),  and  of  an  adult  Uob^ 
It  is,  however,  less  than  that  of  Ursus  malayanus,  and  that  of  polaris  ^ ' 
longer  skull. 

Omatus  sitems,  therefore,  to  be  a  composite  type. 


Digitized  by 


Google 


TRANSACTIONS  OF  SECTION  D.  603 

MONDAY,  SEPTEMBER  14. 
The  foUowiDg  Papers  were  read : — 

1.  On  the  Significance  of  Progamic  Jfi'uclear  Divisions. 
By  Professor  Marcus  Hartog. 


2.  Nuclear  Clianges  in  the  Egg  of  Alcyonium. 
By  M.  D.  Hill,  M.A. 


3.  The  Function  of  Chromatin  in  Cell  Division  {Pa/rt  I,  Heterotype). 
By  Professor  Marcus  Hartoo. 


4.  Discussion  on  Fertilisation^  in  which  the  following  took  part: — 
Professors  Hickson,  Farmer,  Hartog,  and  Messrs.  W.  Bateson, 
M.  D.  Hill,  and  J.  W.  Jenkinson. 


6.  On  the  Tentacles  qf  Suctoria,    By  Professor  Marcus  Hartoo.^ 


Demonstration  of  Slides  showing  Conjugation  in  Dendrocometes* 
By  Professor  S.  J.  HiCKsoN,  FM,S. 


7.  The  Effect  cf  Solutions  of  Salt  and  other  Substances  on  tlie  Development 
of  the  Frog,     By  J.  W.  Jenkinson,  M,A. 

0.  Hertwig  and  others  have  shown  that  the  course  of  development  of  froffs' 
eggs  grown  in  certain  solutions  of  salt  and  other  substances  is  abnormal.  The 
abnormalities  consist  in  the  formation  of  a  large  persistent  yolk-plug,  due  to  the 
Mlure  of  the  lips  of  the  blastopore  to  grow  over  the  yolk  and  in  the  incomplete 
closure  of  the  medullary  folds. 

The  following  investigation  was  undertaken  in  the  hope  of  determining  whether 
the  effects  observed  are  due  entirely,  as  has  been  maintained,  to  the  increase  in 
the  osmotic  pressure  or  to  the  change  in  the  chemical  composition  of  the  medium 
as  well. 

The  eggs  were  placed  in  a  solution  of  '626  per  cent,  sodium  chloride,  and  in 
isotonic  solutions  of  cane-sugar,  grape-sugar,  urea,  potassium  chloride,  and  lithium 
chloride. 

During  the  first  two  days  development  was  sensibly  similar  in  all  the  eggs, 
1>ut  slower  than  in  the  normal  controls.  Subsequently,  however,  while  the  mal- 
formations which  were  produced  were  in  all  cases  similar  in  kind  they  differed 
greatly  in  degree. 

In  urea  the  blastopore  closed  at  a  later  period  than  usual,  but  in  other  respects 
development  was  fairly  normal.  The  tadpoles  died.  In  cane-sugar  and  dextrose 
the  blastopore  was  late  in  closing,  and  the  medullary  groove  remained  open,  in  the 
latter  case  widely  open.  In  the  chlorides  of  potassium  and  lithium  the  yolk  re- 
mained almost  entirely  uncovered,  and  the  embryos  died  almost  before  the 
formation  of  the  medullary  folds.    In  sodium  chloride  they  lived  longer;  the 
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roedullarj  folds  eithei*  fdnlaiued  open,  in  front  only  or  throu^hoat,  or  eUe  dosei. 
The  yolk-plug  was  large. 

It  appears,  therefore,  that  other  factors  besides  the  increase  in  osmotic  pres- 
sure must  be  taken  into  account  in  explaining  the  phenomena. 


8.  Some  recent  Observations  on  British  Reptiles. 
By  Gerald  Leighton,  if./).,  F.R.S.E. 

1.  It  has  long  been  a  matter  of  dispute  and  doubt  whether  the  Brid^a^ 
(^Vipera  benm)  ever  took  to  the  water  as  a  matter  of  ordinary  habit  Mo« 
opliiologists  denied  this,  or  at  any  rate  had  not  observed  it.  Years  of  obsemtia 
in  English  counties  had  failed  to  bring  forward  a  single  case,  but  the  result  of 
some  correspondence  indicated  that  in  Scotland  the  habit  was  not  unumaL 
Investigations  and  experiment  with  adders  in  the  Scottish  Ilighlanda  proT«4 
that  in  that  district  adders  were  in  the  habit  of  swimming  the  streams  aed 
rivers,  a  habit  which  has  become  incorporated  in  some  of  tne  folklore  of  tk 
Highlands. 

2.  Fatal  cases  of  adder-bite  are  by  no  means  so  rare  in  Great  Britain  as  vuA 
people  suppose.  One  was  reported  last  year,  and  a  few  weeks  ago  there  »« 
another  in  South  Wales.     Both  were  in  young  boys. 

3.  In  addition  to  the  very  restricted  distribution  of  the  smooth  snake  {Corcn^ 
(tustnaca)  in  Surrey,  Hants,  and  Dorset,  it  is  known  that  Berkshire  was  aUo  i 
habitat  twenty  years  ago.  For  years,  however,  no  specimen  has  been  seen  in  tbi 
county,  and  it  was  supposed  to  have  become  locally  extinct.  During  the  prwa^ 
summer  it  has  reappeared,  one  specimen  having  been  taken  near  Wellingtoe 
College.  Probably  this  species  is  more  widely  distributed  than  we  know  of,  Hi 
close  resemblance  to  the  adder  causing  it  to  be  destroyed  without  recognitko*^ 
the  hands  of  those  who  encounter  it. 

4.  Associated  with  the  smooth  snake  in  its  distribution  is  the  sand  liitf' 
{Laceria  agilis).  This  rare  lizard  is  found  in  the  same  parts  of  the  counties  ibc« 
mentioned,  and  is  the  staple  food  of  tlie  smooth  snake.  But  the  sand  lixard  &!?>' 
occurs  in  very  considerable  numbers  in  the  neighbourhood  of  Southport,  ts^ 
practically  nowhere  else  than  the  places  stated.  Here,  however,  the  smooth  sm^ 
has  never  been  known  to  occur,  and  it  is  curious  that  this  lizard  should  be  e' 
common  locally  and  absent  from  all  other  places  north  of  the  Thames. 


Notes  on  the  Coloration  of  McJayan  Reptiles.^ 
By  N.  Annandale,  B,A, 


10,  Note  on  the  Walking  Fiah  of  the  Malay  Peninsula,^ 
By  H.  C.  Robinson. 


11.  Exhibition  of  Conmrgent  Series  of  Malayan  Butterjties,^ 
By  H.  C.  Robinson. 


Will  appear  in  the  Fasciculi  Malayense*, 
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TUESDA  i;  SEPTEMBER  15. 
The  following  Papers  were  read : — 

1.  Note  on  Pearl-formation  in  the  Ceylon  Pearl  Oyster. 
By  Profesaor  W.  A.  Hbrdman,  D.Sc,  F,E.S.,  and  James  Hornell. 

Professor  Ilerdman  and  Mr.  Ilomell  have  had  two  cruiaes  of  several  weeks 
each  amongst  the  pearl-oyster  banks  in  the  Gulf  of  Manaar,  and  have  had  the 
experience  of  the  three  consecutive  inspections  of  March  and  November  1902  and 
March  1903,  and  also  the  successful  fishery  of  190>%  from  which  to  draw  conclu- 
siona.  Many  hundreds  of  oysters  have  been  examined,  and  large  numbers  of 
pearls  have  been  decalcified.  As  a  result  of  this  work  they  have  come  to  the 
conclu^on  that  there  are  several  distinct  causes  that  lead  to  the  production  of 
pearls  in  the  Ceylon  pearl  •  oyster*  (Margaritifera  vulgaris f  Schum.). 

1.  Some  pearls  or  pearly  excrescences  on  the  interior  of  the  shell  are  due  to 
the  irritation  caused  by  Clione,  Leucodorey  and  other  boring  animals. 

2.  Minute  grains  of  sand  and  other  inorganic  particles  only  form  the  nuclei 
of  pearls  under  exceptional  circumstances.  Probably  it  is  only  when  the  shell  is 
injured,  tf.y.  by  the  oreakiug  of  the  'ears/ thus  enabling  sand  to  get  into  the 
interior,  that  such  particles  supply  the  irritation  that  gives  rise  to  pearl- 
formation. 

3.  Many  pearls  are  found  in  the  muscles,  especially  at  the  levator  and  pallial 
insertions,  and  these  are  formed  around  minute  calcareous  concretions,  the 
'  calcoBphemles,'  which  are  produced  in  the  tissues  and  form  centres  of  irritation. 

4.  Most  of  the  fine  pearls  found  free  in  the  body  of  the  Ceylon  oyster  contain 
the  remains  of  Platyhelminthian  parasites,  so  that  the  stimulation  which  leads 
to  the  formation  of  an  '  Orient '  pearl  is,  as  has  been  suggested  by  various  writers 
in  the  past,  due  to  the  presence  of  a  minute  parasitic  worm.  In  all  cases,  what- 
ever its  nucleus  may  be,  the  pearl,  like  the  nacre,  is  deposited  by  an  epithelial 
layer. 

These  pearls  may  be  conveniently  classified  as — 

T.  Ampullar  pearls,  where  the  nucleus  and  resulting  pearl  lie  in  a  pouch,  or 
ampulla,  of  the  ectoderm  projecting  into  the  mantle.    The  others  lie  in  closed  sacs. 

II.  Muscle-pearls f  formed  around  calcospherules  near  the  insertions  of  muscles. 

III.  Cyst-pear U,  formed  around  encysted  parasites.  The  parasite  in  the  case 
of  the  majority  of  the  cyst-pearls  of  Ceylon  is  the  larva  of  a  Oestode  which 
appears  to  be  new,  and  will  be  described  under  the  name  Teirarhynchus  unioni- 
factor.  The  younger  larval  stages  have  been  found  free-swimming  in  the  Gulf 
of  Manaar  ana  on  the  gills  of  the  oyster ;  later  stages  are  common  in  the  liver, 
mantle,  and  gills ;  and  a  more  advanced  Teirarhynchus  is  found  in  the  file  fishes, 
Balittes  tnitis  and  B,  stellatus,  which  feed  upon  the  oysters.  The  sexually  mature 
(Z^stode  has  not  yet  been  found,  but  we  may  expect  it  to  occur  either  m  one  of 
the  large  Elasmohrancbs  (such  as  Trygon  uamak)  which  abound  on  the  pearl 
banks,  or  possibly  in  one  of  the  smaller  cetaceans,  which  may  also  feed  upon  such 
fishes  as  Balistes, 


2.  On  a  Pliosphorescence  Plumomenon  in  the  Indian  Ocean. 
By  Professor  W.  A.  Herdman,  D.Sc,  F.E.S. 

Professor  Herdman  described  how  during  his  recent  expedition  to  Ceylon, 
as  they  lay  at  anchor  in  the  Gulf  of  Manaar,  on  March  13, 1902,  about  9  p.m., 
the  sea  was  seen  to  be  dotted  with  bright  phosphorescent  lights,  of  considerable 
size,  sinjpfly  placed  at  some  distance  apart.  These  for  over  an  hour  continued  to 
glow  with  a  pulsating  appearance  in  harmonyy  all  shining  brightly  at  the  same 
moment,  and  then  all  flickering  out  together,  to  reappear  simultaneously  a  few 
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seconds  later.  On  going  ont  at  once  with  a  net  a  sample  of  the  plankton  wu 
obtained,  hut  it  was  not  certain  that  any  of  the  pulsating  forms  had  been  caught. 
•The  gathering  contained  Sagitta  (very  many),  Appendicularia,  Copepoda,  seTend 
common  species  and  SappMrina  sinuicauda,  Pontella  fera^  Calocalanats  pom, 
and  some  smaller  forms,  along  with  half-a-dozen  one-inch-long  HeteroDereids  of 
a  reddish-brown  colour.  The  light  was  thought  to  be  probably  due  to  the  last 
named,  and  if  that  is  so  possibly  the  periodicity  was  a  result  of  the  epitocoos 
condition,  and  was  accompanied  by  a  simultaneous  discharge  of  genital  products. 
The  matter,  however,  could  not  be  made  certain  at  the  time,  and  the  above 
explanation  is  only  suggested. 

3.  Jfote  on  Birds  now  rare  in  the  British  Isles^ 
By  G.  P.  HuoHRS,  F.B.G.S. 

The  author  gave  a  brief  account  of  a  male  and  female  Bittern  shot  at  the  base 
of  Cader  Idris  last  winter,  and  of  a  Common  Crane  he  lately  saw  in  the  valley  of 
St.  John,  Isle  of  Man,  species  now  rare  in  the  British  Isles. 


4.  Demonstration  of  Visiud  Combination  of  Complementary  Colours, 
By  C.  A.  Greaves,  M,B,,  LL.B. 

The  author  showed  that  the  difKculty  in  visually  combining  different  colour 
sensations  so  as  to  perceive  the  resultant  is  overcome  in  the  case  ot  green  +  red  =■  greg 
by  the  use  of  the  present  halfpenny  and  penny  stamps,  stereoscopically  aaper- 
posed,  these  stamps  being  identical  in  design  and  of  gocd  complementary  colours. 


5.  7  he  EpUJielicU  Islets  of  the  Pancreas  in  Teleosteu 
By  John  Kbnnie,  D,Sc, 

It  has  been  found  that  in  all  the  leading  divisions  of  this  group  there  exist 
in  more  or  less  intimate  relation  to  the  pancreas  epithelial  bodies  similar  to  the 
'  islets '  present  in  higher  forms.  In  a  large  proportion  of  cases  there  is  an  islet 
in  the  mesenteric  fold  anterior  to  the  spleen,  which  is  of  constant  occurrence.  It 
is  also  the  largest.  As  similar  constancy  has  not  been  made  out  for  the  others  it 
has  been  termed  the  'principal  islet.'  These  bodies  are  an  epithelial  tissue  con- 
sisting of  masses  of  very  small  polyhedral  or  cylindrical  cells  well  supplied  with 
blood  capillaries.  In  many  cases  two  types  of  cell  are  evident  within  the  islet, 
which  may  be  two  distinct  tissues  or  the  same  tissue  in  different  functional 
states.  A  comparative  study  of  their  relations  to  the  zymogenous  tissue  ef  the 
pancreas  suggests  that  they  are  blood  glands  which  have  entered  into  a  $ec(mciary 
relation  to  the  pancreas.  It  is  likely  that  they  maintain  their  primitive  function 
as  glands  possessing  an  internal  secretion. 


6.  On  the  Echinodermata  of  the  Firth  of  Clyde  and  Variation  in 
Ophiocoma  nigra.^     By  D.  C.  McIntosh,  M.A, 

In  this  paper,  which  dealt  with  the  Echinodermata  of  the  Clyde  area,  notes 
were  given  on  the  frequency  of  the  occurrence  of  the  different  genera  and  on  some 
of  the  most  obvious  variations  exhibited  by  certain  of  the  species.  The  daily 
dredging  expeditions  of  the  steam  yacht  *  Idermaid,'  which  is  run  in  connection 
with  the  West  of  Scotland  Marine  Biological  Association  Station  at  Millport, 
afforded  one  ample  opportunity  for  making  the  necessary  observations. 

It  was  pointed  out  that  while  forty-two  species  are  recorded  for  the  Clyde 
(against  at  least  thirty -five  for  the  Irish  Sea),  there  were  actually  found  during 

*  Published  in  Biometrika,  vol.  iv. 
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the  autumn  of  1902  thirty-three  species,  Tiz.  Holothuroidea  8,  Crinoidea  1, 
Asteroidea  11,  Ophiuroidea  7,  and  Echinoidea  0,  the  most  common  i^enus 
of  each  of  these  orders  heing  Synapta^  Antedon,  Asterias,  Ophiocomay  and  Bchinta, 
Note  was  taken  of  the  very  considerahle  variations  in  the  shape  of  the  test  of 
Echinus  esculentus  and  in  the  uiimher  of  arms  of  certain  of  the  Asteroidea. 

The  remaining  part  of  the  paper  was  taken  up  with  a  discussion  on  the 
Tariation  of  Ophiocoma  nigra  (O.  F.  Miiller),  and  an  account  was  given  of  the 
results  ohtained  from  an  examination  of  certain  external  features  of  8,000 
specimens  of  this  Brittle-star.  An  attempt  was  made  hy  means  of  diagrams 
to  classify  the  shape  and  colour  variations  of  the  disc.  It  was  found  that 
the  disc  tends  to  oecome  circular  in  the  more  fully  developed  animals^  but 
that  it  is  in  general  pentagonal  and  not  round.  Twenty-four  per  cent,  showed  no 
colour  variation,  while  64  per  cent,  had  a  pentagonal  yellowish  central  disc 
marking.  In  12  per  cent,  of  cases  this  marking  was  small  and  circular.  The 
correlation  between  arm-length  and  disc-breadth  was  worked  out  by  the  methods 
followed  in  '  Biometrika/  and  a  table  was  given  showing  the  number  of  animals 
having  a  certain  disc-breadth  associated  with  a  certain  arm-length.  The  equation 
to  the  '  Line  of  Regression '  of  arm-length  on  disc-breadth  was 

y-4-89623.r  + 1-17469062, 

and  this  was  shown  by  means  of  a  diagram  to  represent  very  closely  the  observed 
facts.  The  mean  disc-breadth  and  arm-length  were  respectively  10*106  mm.  and 
60'666  mm.,  a  relationship  which  is  very  noteworthy  in  view  "of  the  important 
part  which  the  number^ w  plajs  in  the  arrangement  of  the  organs  of  the  Echino- 
dermata.  A  *  Polygon  of  Frejiuency  *  based  on  the  disc-breadth  was  given,  and 
also  the  curve  whose  equation  is 

,«•.►-/,  r       \12«)M       /  Y         \  98-8705 

which  best  fits  it.  Tables  were  added  showing  that  *13  per  cent,  had  more  than 
one  madreporic  plate,  and  that  out  of  3,000  specimens  thirteen  had  an  abnormal 
number  of  rays,  there  being  one  Brittle-star  with  only  four  arms  and  twelve 
with  six  arms  each. 

7.  Note  on  tJte  Eggs  of  the  Shanny  (Blennius  pholis,  Z.). 
By  Professor  W.  C.  McIntosh,  M.D.,  F.R.S. 

In  the  life-histories  of  the  British  food-Bshes,  published  by  Dr.  Masterman  and 
the  author  in  1897,  it  is  stated  that  the  eggs  of  this  iish  had  not  hitherto  received 
satisfactory  attention.  In  June  of  this  year  an  adult  female,  4f  inches  in  length, 
was  captured  with  enlarged  ovaries.  On  the  morning  of  June  5  it  was  found  to 
have  discharged  a  number  of  golden  eggs,  each  having  a  faintlv  pinkish  disc  for 
fixing  it  to  stones  and  other  surfaces.  As  attached  to  glass,  each  e^^  was  circular 
in  outline  with  a  distinct  hyaline  zona,  the  contents  being  dull  pinkish  or  pale 
salmon.  This  tint  was  enlivened  by  a  series  of  bright  yellow  granules  and  masses 
(oil-globules).  The  ^^fi^  formed  an  oblate  spheroid,  the  vertical  diameter  being 
•7630  mm.,  whilst  the  trans.verse  diameter  ranged  from  1*1811  mm.  to  1-2192  mm. 
The  breadth  of  the  pale  pinkish  rim  for  attachment  was  about  '304S  mm.  Many 
of  the  discs  had  a  finished  appearance,  whilst  in  others  the  edge  was  spongy,  with 
projecting  processes.  In  minute  structure  the  whole  is  granular.  Allusion  is 
made  to  the  observations  of  Dr.  Scharff  onthe  structure  of  the  peculiarly  modified 
ovarian  follicle  of  the  shanny  and  the  remarkable  hardihood  of  the  fish,  which 
can  be  kept  for  a  week  at  least  in  fresh  water.  The  proportion  of  males  and 
females  is  also  mentioned.  The  food  of  the  shanny  at  St.  Andrews  largely  con- 
sistB  of  the  stunted  email  and  youn^  mussels,  Baiani,  small  univalves,  such  as 
young  Littorinsd  and  adult  Hissose,  with  fragments  of  limpet. 
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Department  op  Physiology. 

1.  A  Physiological  Theory  to  Explain  the  Winter-whitening  of  Birds  ard 
Mamincds  in  Snowy  Countries,  and  the  most  Striking  Points  in  the 
Distribution  of  White  in  Vertebrates  generally.  By  Captain  G.  E.  H. 
Barrett-Hamilton.^ 

The  subject  of  the  winter-whitening  of  animals,  though  of  much  interest  to 
xoologist6y  is  very  imperfectly  understood.  Most  writers  are  satiftied  to  beliere 
that  the  colour  change  originated  somehow  under  the  action  of  natural  B^ectioii 
for  the  protective  purposes  of  adaptation  to  environment. 

The  author  finds,  however,  that  the  change  has  a  deep  physioloffical  sigrdficanee. 
There  is,  for  instance,  in  mammals  a  definite  sequence  in  which  the  variooa  parts 
of  the  body  whiten.  This  sequence,  on  the  whole,  corresponds  to  the  snmuksr 
accumulation  of  fat  in  the  panniculus  adiposus.  Thus  the  belly,  where  peripheral 
fat  is  thickest,  is  permanently  white,  and  the  rump,  often  the  next  thicloBet  area 
of  fat  accumulation,  is  usually  the  first  part  to  whiten  in  winter. 

Many  northern  mammals  and  birds  not  usually  regarded  as  of  this  category  are 
lighter  in  winter  than  in  summer.  The  white  assumed  in  the  former  season  cor- 
responds to  the  fat-trncts,  and  they  may  be  therefore  regarded  as  subject  to  the 
tame  process. 

In  the  northern  summer  most  animals  accumulate  fat,  always  in  a  definite 
manner  as  regards  the  regions  where  it  is  deposited.  This  &t  is  indicatiie  o.' 
deficient  oxidisation  and  sluggish  metabolism,  and  the  process  of  its  accumulatioa 
is  therefore  one  of  atrophy.  Ihe  fat-accumulation  and  atrophy  is  most  marked  ia 
autumn,  at  which  season  metabolism  is  lowest.  Under  the  onset  of  winter  cold  the 
atrophy  may  extend  to  the  hairs.  Their  pigment  (as  observed  by  Metchnikoff)  is 
then  removed,  always,  however,  first  in  those  parts  where  peripheral  fat  is  thickest, 
and  atrophy  therefore  greatest.  Should  there  be  a  change  of  coat  at  this  time  the 
new  hairs  are  influenced  by  the  same  conditions.  In  very  cold  countries  they 
come  up  white  all  over  the  animal ;  in  more  temperate  regions  the  parts  only  when; 
fat  is  thickest  are  white. 

Although  a  pigmented  hair  can  thus  undergo  atrophy  and  loss  of  pigment,  the 
author  knows  of  no  case  where  the  colour  is  replaced.  Animals  once  whitened 
remain  so  until  the  spring  moult. 

These  facts  apply  broadly  to  birds  and  manunals,  but  the  variable  hare  and 
stoat  are  those  which  have  been  studied  especially. 

The  same  law  is  responsible  for  much  of  the  distribution  of  the  white  colour 
throughout  the  vertebrate  phylum,  wherein  the  connection  between  the  white 
colour  and  the  peripheral  fat-tracts  (thus  indicating  local  atrophy)  may  be  widely 
traced.  Thus  domestic  animals,  nearly  all  of  which  are  prized  most  for  their 
power  of  accumulating  fat,  exhibit  a  strong  tendency  to  the  development  of  white 
patches.  In  both  these  and  in  wild  animals  the  belly,  where  occurs  the  principal 
I'at-tracf ,  is  the  most  frequently  white  part ;  next  follow  the  rump,  neck,  and  parts 
of  the  limbs  and  of  the  head. 

Marked  exceptions  are  no  doubt  frequently  due  to  unusual  arrangements  of  the 
panniculus  adiposus.  Thus  in  the  badger,  a  representative  of  a  family  in  which  the 
Wk  is  usually  whiter  than  the  belly,  a  correspondingly  exceptional  arrangement 
of  the  fat-tracts  occurs. 

The  white  of  the  head — the  *  blaze '  of  horses  and  the  facial  stripes  of  the 
badger,  for  instance — affects  regions,  not  of  fat-accumulation,  but  where  the  skin 
immediately  overlies  bone  and  membrane  (frontals,  nasals,  and  zygomatic  arches), 
which  thus  seem  to  produce  an  atrophy  similar  to  that  caused  by  underlying  fat. 

In  many  animals  the  hair-atrophy  assumes  the  form,  not  of  whitening,  oat  of 
baldness.  Marine  mammals  are  hairless  in  proportion  to  their  fatness ;  fattening 
cattle  lose  their  hair,  while  the  baldness  of  man  corresponds  in  position  to  the 
<  blaze '  of  horses,  and  the  bare  buttocks  of  monkeys  to  the  white  rumps  of  other 
mammals. 
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Yellow  and  rod  frequently  follow  the  same  rules  of  distribution  as  white.  They 
are  well  known  to  be  fat-pigments. 

The  author  carefully  guards  himself  against  the  extension  of  his  theory  to  all 
cases  where  white  occurs  in  vertebrates.  It  is  obvious  that  not  all  animals  are 
subject  to  this  atrophy,  and  there  must  be  other  causes  for  absence  of  pigment.  It 
seems  highly  probable  from  what  the  author  has  written  that  the  known  uneven- 
ness  of  animal  coloration  is  but  the  external  indication  of  uneven  nutrition  in 
different  regions  of  the  body.  

2.  A  New  Form  of  Osmometer  for  Direct  Determinations  of  Osmotic  Pres- 
sure of  Colloids,    By  Professor  Bbnjamin  Moore,  M.A.^  D.Sg. 

This  form  of  osmometer  has  been  specially  designed  to  avoid  leakage  and  pro- 
vide a  large  surface  for  diffusion  compared  to  the  volume  of  solution  employed,  so 
that  the  influence  of  crystalloids  is  made  slight  and  transient.  To  effect  the  iirst 
purpose  the  instrument  is  made  in  metal  in  two  hal^res  which  can  be  tightly 
screwed  together  by  a  collar,  and  the  two  halves  are  further  made  up  of  two 
shallow  cells,  to  hold  the  solution  and  solute,  so  that  the  influence  of  admixed 
crystalloids  is  rapidly  eliminated  by  diffusion. 

The  instrument  essentially  consists  of  two  flattened  circular  cells  of  platinum  * 
5  cm.  in  diameter  and  1  cm.  in  depth,  with  flat  flanges  at  their  rims  which  fit 
into  corresponding  thick  flanged  cases  of  silver-plated  brass.  The  brass  cases  can 
be  screwed  tightly  together  by  a  brass  collar  with  a  female  screw  at  one  edge,  which 
engages  with  a  male  screw  on  one  of  the  brass  cases,  and  a  flange  on  the  other  edge 
which  catches  on  the  flajige  of  the  other  brass  case. 

A  diaphragm  of  platinum  bored  closely  with  holes  about  3  mm.  in  diameter  is 
placed  between  the  two  cells,  and  serves  to  support  the  membrane  of  parchment 
paper  which  separates  them. 

The  instrument  is  made  pressure-tight  by  two  rings  of  thin  indiarubber  sheeting 

S laced  on  either  side  of  the  diaphragm,  and  when  the  collar  is  securely  screwed 
ome  has  in  all  cases  been  found  free  from  any  trace  of  leakage. 

A  platinum  tube  of  about  4  mm.  diameter  leads,  at  right  angles,  from  the 
centre  of  the  back  of  each  cell,  and  is  used  to  connect  up  for  filling  and  registering 
the  pressure. 

The  large  surface  provided  for  diffusion  compared  with  the  volume  of  solution 
assures  an  early  equilibrium  of  crystalloids.  When  a  1  per  cent,  solution  of 
sodium  chloride  is  paced  on  one  side  and  distilled  water  on  the  other,  there  is  no 
appreciable  movement  in  the  attached  mercurial  monometer,  and  within  twenty- 
four  hours  the  amount  of  sodium  chloride  on  the  two  sides  is  equal  within  the 
limits  of  experimental  error. 

The  connecting  tube  on  the  side  of  the  colloidal  solution  is  joined  up  by  rubber 
tubing  to  a  T-piece,  which  is  in  communication  by  one  arm  with  a  glass  funnel  and 
by  the  other  with  a  mercurial  monometer.  On  the  side  of  the  solute  (water)  the 
cell  is  simply  joined  by  rubber  tubing  to  a  funnel. 

In  using  the  apparatus  the  connections  are  first  filled  with  the  respective 
fluids  and  temporarilv  clipped  ofl',  then  the  cells  are  filled  in  turn  and  joined  up, 
all  air  being  expelled  by  pressure  upon  the  rubber  connections. 

The  two  funnels  upon  either  side  are  fixed  at  an  equal  height,  of  about  20 
centimetres  in  each  case,  above  the  instrument,  so  as  to  ensure  initial  equality  of 
pressure  on  the  two  sides  of  the  membrane. 

The  osmometer  is  then  suspended  in  a  large  vessel  of  water  for  the  purpose  of 
maintaining  a  constant  temperature,  which  can  be  arranged  at  different  levels  by  a 
thermo-regulator. 

When  the  desired  temperature  has  been  attained,  the  osmometer  is  clipped  off 
from  the  funnel  connection  on  the  solution  side  and  left  in  communication  with 

•  *  In  earlier  experiments  the  platinum  lining  was  dispensed  with  and  the  silver- 
plated  brass  case  only  used.  This  makes  the  instrument  much  less  expnensive,  and  is 
effectual  unless  when  the  action  of  reagents,  such  as  alkalies  and  acids,  upon  the 
colloid  is  to  be  tested.  #     ^a/^/t  I  /> 
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the  monometer  only.  Thus  the  initial  reading  of  the  mercurial  monometff  |tra 
the  zero  pressure,  and  suhsequent  readings  at  different  time  intervals  aftartiu 
commencement  of  the  experimnet  ^ve  the  osmotic  pressure. 

The  instrument  has  been  used,  up  to  the  present  date,  with  solutions  of  gtli- 
tine,  starch,  and  gum  acacia. 

The  experiments  with  gelatine  show  that  the  colloid  can  be  used  for  expni- 
mentation  m  this  osmometer  without  undergoing  change  for  prolonged  penodi 
Thus  in  one  experiment  which  was  carried  on  for  eighty-six  days  the  gelatmewu 
recovered  at  the  end  as  a  clear  jelly,  setting  at  2l''-22°  C,  which  showed  no  agn 
of  alteration  from  that  which  was  originally  placed  in  the  osmometer.  Eveo  ifis 
such  a  prolonged  dialysis  the  pressure  obtained  at  the  end  was,  at  the  flame  tas- 
perature,  the  same  as  that  at  the  beginning  of  the  experiment.  This  provei  tbi 
the  pressure  is  not  due  to  any  oiffusible  crystalloid,  which  would  have  bea 
equated  by  dialysis,  but  is  produced  by  the  dissolved  colloid. 

The  figures  for  the  osmotic  pressure  at  a  temperature  of  40**  C.  give  for  tk 
molecular  weight  in  solution,  or  solution  aggregate,  of  gelatine  18,£K),  wbkhv 
of  the  same  order  of  magnitude  as  the  solution  aggregates  of  Tarious  formi  of 
proteid. 

3.  Experiments  on  the  PenneahUity  of  LipcHd  Membranes* 
By  Professor  Benjamix  Moobe,  M.A.^  D.Sc 

The  theory  has  been  enunciated  by  Overton  that  the  osmotic  prop«liei  of 
the  cell  are  due  to  substances  termed  lipoids,  such  as  cholesterin  and  leeitlm  ic 
the  cell  membrane,  which  are  supposed  to  be  impermeable  to  certain  cryftaUoiiii 
such  as  sodium  chloride,  but  freely  permeable  to  water.  6o  that  these  bodiei  act 
as  semi-permeable  membranes,  and  hence  give  rise  to  the  osmotic  pheoooeos 
shown  by  cells. 

The  theory  has  been  extended  by  Overton  and  by  Friedenthal  to  explain  other 
important  phenomena  such  as  anaesthesia  and  fat-absorption  by  assuming thst  tk 
lipoids  act  as  solvents,  and  take  up  into  the  cell  the  anaesthetics  and  fatty  bofo 

Admitting  that  fats  and  anaesthetic  substances  are  readily  soluble  in  ledtUa 
and  allied  bodies,  it  is  difficult  to  see  why  these  substances  should  be  given  ^ 
again  (Vom  these  lipoids  to  the  active  protoplasmic  constituents  of  the  cell ;  viL 
further,  there  is  no  experimental  proof  that  every  cell  is  surrounded  b^  soc^  * 
lipoid  membrane. 

But  such  an  extensive  \ise  has  been  made  of  the  theory  which  has  received  coe* 
siderable  credence  that  it  appeared  desirable  to  test  whetner  membranes  compoieu 
of  such  substances  possess  the  properties  which  have  been  assigned  theoretictUj 
to  them. 

Accordingly  the  osmometer  described  in  the  previous  paper  has  been  uscJ/f>^ 
this  purpose. 

Membranes  saturated  with  lecithin  and  lanoline  have  been  employed,  ufliof 
sodium  chloride  solutions  of  different  strengths  on  the  two  sides  of  the  membrtne, 
and  also  sodium  chloride  solution  agiunst  distilled  water.  It  has  been  found  thtt 
such  membranes  are  distinctly  permeable  to  sodium  chloride,  as  well  as  distiM 
water,  and  that  no  appreciable  osmotic  pressiure  is  developed,  showing  that  tw 
osmotic  phenomena  of  the  cell  are  not  due  to  such  membninee,  ana  that  wm 
membranes,  if  they  did  exist,  furnish  no  explanation  of  the  absorptive  propertieiff 
the  cell  or  of  the  phenomena  of  anaesthesia. 


4.  The  Cerebrum  of  Apes,^ 
By  Professor  Sherrington,  FM.S*^  and  A.  S.  GrOnbaum,  Jf.D. 


5.  The  Origin  of  Water  in  Saliva.    By  Joseph  Bascroft,  MM  ^^ 
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Sbction  E.--GEOGRAPHY, 
Fbbsiobi?t  op  thb  Sbction— Captain  Ettbxck  Cbbak,  C.B.,  R.N.,  F.R.s" 


THURSDAY,  SEPTEMBER  10. 
The  President  delivered  the  following  Address : — 

Of  the  six  distinguished  naval  officers  who  have  previously  presided  over  this 
Section,  four  were  Arctic  explorers ;  and  therefore,  possessing  personal  experience 
in  Arctic  regions,  they  naturally  gave  prominence  to  the  deeply  interesting  subject 
of  the  post  and  future  of  Arctic  discovery  in  their  addresses,  whilst  not  forgetting 
other  matters  relating  to  the  geography  of  the  sea.  The  remaining  officers,  from 
thdr  immediate  connection  with' all  that  relates  to  the  physical  condition  of  the 
ocean,  in  its  widest  sense,  coupled  with  the  great  importance  of  giving  the  fruits 
of  their  knowledge  to  the  world,  took  that  subject  as  their  principal  theme. 

Valuable  as  are  contributions  to  our  knowledge  of  the  physics  of  the  ocean  to 
the  world  in  general,  and  especially  to  the  mariner  and  water-borne  landsman, 
I  propose  to  take  a  different  course,  and  bring  to  your  notice  the  subject  of 
Terrestrial  Magnetism  in  its  relation  to  Geography.  In  doing  so,  I  shall  endeavour 
to  show  that  much  may  be  done  by  the  traveller  on  land  and  the  seaman  at  sea  in 
helping  to  fathom  the  mysteries  connected  with  the  behaviour  of  the  freely  sus- 
pended magnetic  needle,  as  it  is  carried  about  over  that  great  magnet,  the  Earth, 
by  observations  in  different  regions,  and  even  in  limited  areas. 

I  would,  however,  pause  a  moment  to  call  attention  to  the  presence  of  several 
distinguished  meteorologists  at  this  meeting,  who  will  surely  attract  many 
to  the  consideration  of  matters  connected  with  the  important  science  of  meteoro- 
logy, which  already  occupies  considerable  attention  from  travellers.  I  feel  sure, 
therefore,  that  geographers  will  be  glad  to  accord  a  hearty  welcome  to  the  mem- 
bers of  the  International  Meteorological  Congress  now  assembled  in  this  town, 
and  especially  to  the  foreign  visitors  who  honour  us  by  their  presence. 

Some  one  may  ask,  What  has  Terrestrial  Magnetism  to  do  with  Geography  ? 
I  reply,  excellent  lectures  on  that  subject  of  growing  importance  have  been  given 
under  the  direct  auspices  of  the  Royal  Geographical  Society ;  one  in  1878  by  the 
lateOaptain  Sir  Frederick  Evans,  and  another  in  1897  b^  Sir  Arthur  Riicker.  And 
I  would  here  quote  the  opinion  of  Dr.  Mill  when  defining  geography,  in  my  sup- 
port :  '  (reography  is  the  science  which  deals  with  the  forms  of  the  Earth's  crust, 
and  with  i£d  influence  which  these  forms  exercise  on  the  distribution  of  other 
phenomena.' 

We  know  now  that  the  normal  distribution  of  the  Earth's  magnetism  for  any 
epoch  is  in  many  localities  seriously  affected  accordingly  as  the  nature  of  the 
country  surveyed  oe  mountainous,  or  generally  a  plain,  in  the  form  of  islands  (or 
mountains  standing  out  of  the  sea),  and  from  land  under  the  sea.  There  is  also 
reason  to  suspect  that  the  magnetism  of  that  portion  of  the  earth  covered  by  the 

Digitized  by  LjOOQIC 


702  REPORT— 1903. 

oceans  difTera  in  intensity  from  that  of  the  dry  land  we  inhabit.  A 
between  the  disturbances  of  the  earth's  crust  in  earthquakes  and  dtsturbaBeei  «^ 
tlie  ma^etic  needle  also  seems  to  exist,  although  the  eii^enoe  on  thia  point  kaoc 
conclusive. 

Magnetic  Surveys. 

Previously  to  the  year  1880  there  were  two  periods  of  exceptional  activitT'^ 
the  part  of  contributors  to  our  knowledfce  of  the  earth*s  majf^etiam,  durini^  win 
the  scientific  sailor  in  his  ship  on  the  trackless  ocean  combined  with  his  bretkfc 
on  land  in  making  a  magnetic  survey  of  the  globe. 

The  first  period  was  that  of  1843-49,  during  which  not  only  were  5xed  ohm- 
vatories  established  at  Toronto,  St.  Helena,  Capetown,  and  Hobart  for  hoorh 
observations  of  the  movements  of  the  magnetic  needle,  but,  to  use  Sabine's  inxh 
*  that  great  national  undertaking,  the  Magnetic  Survey  of  tiie  South  Polar  R^ioi 
of  the  Globe,*  the  forerunner  of  our  present  Antarctic  Expedition,  was  acco- 
plished  by  Ross  and  his  companions  almost  entirely  at  sea. 

This  Antarctic  survey  was  carried  out  during  the  years  1840-45,  and  tfcp 
results  given  to  the  world  as  soon  as  possible  by  Sabine. '  The  results  afterwirdi 
formed  a  valuable  contribution  when  constructing  his  maps  of  equal  lines  of  Mar- 
netic  Declination,  Inclination,  and  Intensity  for  the  whole  world,  a  great  work  ix 
the  completion  of  which  Sabine  employed  every  available  observation  made  op  t: 
the  year  1870,  whether  on  land  or  at  sea. 

Readers  of  these  contributions  cannot  fail  to  bo  struck  with  the  great  number 
of  observations  made  by  such  travellers  as  Hansteen  and  Due,  Erman  and  Wruftl 
extending  from  Western  Europe  to  far  into  Siberia. 

The  second  period  was  that  of  1870-80,  during  which  not  only  was  there  m»^ 
activity  amongst  observers  on  land,  but  that  expedition  so  fruitful  to  sckoce. 
the  voyage  of  H.M.S.  '  Challenger/  took  place.  During  the  years  lb72-76  we  fi^ 
the  sailor  in  the  *  Challenger '  doing  most  valuable  work  in  carrying  out  a  magnsbt 
survey  of  certain  portions  of  the  great  oceans,  valuable  not  only  for  needful  uses  i& 
making  charts  for  the  seaman,  but  also  as  a  contribution  to  magnetic  science. 

Prior  to  this  expedition  very  little  was  known  from  observation  of  the  distri- 
bution of  Terrestrial  Magnetism  in  the  central  regions  of  the  North  and  Soatk 
Pacific  Oceans,  and  Sabine's  charts  are  consequently  defective  there. 

Combining  the  ' Challenger'  magnetical  results  with  those  of  all  available  ob- 
sen'ations  made  by  others  of  H.M.  ships,  and  by  colonial  and  foreign  gov^llmellt^ 
I  was  enabled  to  compile  the  charts  of  the  magnetic  elements  for  the  epoch  1880. 
which  were  published  in  the  report  of  the  scientific  results  of  H.M.S,  *  Challenger. 
I  will  venture  to  say  that  these  charts  give  a  fairly  accurate  representation  of  tk 
normal  distribution  of  the  earth's  magnetism  between  parallels  of  70^  N.  sod 
40°  S.  Beyond  these  limits,  either  northward  or  southward,  there  is  a  degree  c^f 
uncertainty  about  the  value  of  the  lines  of  equal  value,  especially  in  the  S<Hitbezi 
regions,  an  uncertainty  which  we  have  reason  to  hope  will  be  dissipated  whoi  ve 
know  the  full  results  obtained  by  Captain  Scott  and  the  gallant  band  he  ohb- 
mands,  for  as  yet  we  have  to  be  content  with  some  eddies  of  the  full  tide  of  kk 
success. 

Until  the  '  Discovery '  was  built,  the  '  Challenger '  was  the  last  vessel  spedallT 
selected  with  a  view  to  obtaining  magnetic  observations  at  sea,  so  that  fc^ 
several  years  past  results  obtained  on  land  have  been  our  mainstay.  Thus 
elaborate  magnetic  surveys  with  fruitful  results  have  been  carried  out  in  recest 
years  in  the  British  Isles  bv  Riicker  and  Thorpe.  France,  Qermany,  Holland,  and 
some  smaller  districts  in  Europe  have  also  been  carefully  surveyed,  and  Bntt^k 
India  partially  so,  by  Messrs.  Schlagintweit  in  1857-58.  The  latter  country  ii 
being  again  magnetically  surveyed  under  the  auspices  of  the  Indian  Qovemmeot. 

On  the  American  continent  the  Coast  and  Geodetic  survey  of  the  vaat  terri- 
tories comprised  in  the  United  States,  which  has  been  so  many  years  in  progrstf, 
has  been  accompanied  by  an  extended  magnetic  survey  during  the  last  nfty-two 
years,  which  is  now  under  the  able  direction  of  Dr.  L.  A.  Bauer.  Resultii^r 
from  this  some  excellent  charts  of  the  magnetic  declination  in  the  United  Stat^ 
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bave  been  published  from  time  to  time;  and  the  last,  for  the  epoch  1902,  is  based 
upon  8,000  observations. 

Tbere  are  other  contributions  to  terrestrial  ma^etism  for  positions  on  various 
coasts  from  the  surveying  service  of  the  Hojal  Navy,  and  our  ships  of  war  are 
constantly  assisting  with  their  quota  to  the  magnetic  declination,  or  variation,  as 
sailors  prefer  to  call  it ;  and  wisely  so,  I  trow,  for-have  they  not  the  declination  of 
the  sun  and  other  heavenly  bodies  constantly  in  use  in  the  computation  of  their 
ship's  position  P 

This  work  of  the  Koyal  Navy  and  the  Indian  Marine  is  one  of  great  import- 
ance, both  in  the  interests  of  practical  navigation  and  of  science ;  for  besides  the 
equipment  of  instruments  for  absolute  determinations  of  the  declination,  dip,  and 
liori;eontal  force  supplied  to  certain  of  our  surveying-ships,  every  seagoing  vessel 
in  the  service  carries  a  landing  compass,  specially  tested,  by  means  of  which  the 
declination  can  be  observed  with  considerable  accuracy  on  land. 

Although  observers  of  many  other  objects  may  still  speak  of  their  '  heritage 
the  sea  '  as  a  mine  of  wealth  waiting  for  them  to  explore,  unfortunately  for  mag- 
netic observations  we  can  po  longer  say  '  the  hollow  oak  our  palace  is,'  for  wood 
has  been  everywhere  replaced  by  iron  or  steel  in  our  ships,  to  the  destruction  of 
accurate  observations  of  dip  and  force  on  board  of  them.  Experience,  however, 
has  shown  that  very  usefiil  results,  as  regards  the  declination,  can  be  obtained 
every  time  a  ship  is  *  swung/  either  for  that  purpose  alone,  or  in  the  ordinary 
course  of  ascertaining  the  errors  of  the  compass  due  to  the  iron  or  steel  of  the 
ship. 

As  an  example  of  this  method,  the  cruise  of  the  training  squadron  to  Spitz- 
bergen  and  Norway  in  1895  may  be  cited,  when  several  most  useful  observations 
were  made  at  sea  m  regions  but  seldom  visited.  Again,  only  this  year  a  squadron 
of  our  ships,  cruising  together  near  Madagascar,  separated  to  a  distance  of  a  mile 
apart  and  '  swung '  to  ascertain  the  declination. 

I  would  here  note  that  all  the  magnetic  observations  made  by  the  officers  of 
H.M.  ships  during  the  years  1890-1900  have  been  published  in  a  convenient  form 
by  the  Hydrogra^ic  Department  of  the  Admiralty. 

The  fact  remains,  however,  that  a  great  portion  of  the  world,  other  than  the 
coasts,  continues  unknown  to  the  searching  action  of  the  magnetic  needle,  whilst 
the  two-thirds  of  the  ^lobe  covered  by  water  is  still  worse  off.  Amongst  other 
regions  I  would  specify  Africa,  which,  apart  from  the  coasts,  Cape  Colony,  and 
the  Nile  valley  to  lat.  5^  N.,  is  absolutely  a  new  field  for  the  observer. 

Moreover,  the  elaborate  surveys  I  have  mentioned  show  how  much  the  results 
depend  upon  the  nature  of  the  locality.  I  am  therefore  convinced  that  travellers  on 
land,  provided  with  a  proper  equipment  of  instruments  for  conducting  a  land  survey 
of  the  strange  countries  which  they  may  visit,  and  mapping  the  same  correctlv,  can, 
with  a  small  addition  to  the  weight  they  have  to  carry,  make  a  valuable  contribution 
to  our  knowledge  of  terrestrial  magnetism,  commencing  with  observations  at  their 
principal  stations  and  filling  in  the  intermediate  space  with  as  many  others  as 
circumstances  will  permit. 

The  Antarctic  Expedition, 

Of  the  magnetic  work  of  our  Antarctic  expedition  we  know  that  since  the 
'  Discovery '  entered  the  pack— and,  as  far  as  terrestrial  magnetism  is  concerned, 
upon  the  most  important  part  of  that  work — every  opportunity  has  been  seized 
for  making  observations. 

Lyttelton,  New  Zealand  (where  there  is  now  a  regular  fixed  magnetic  observa- 

'  southern  base-station  of  the  expedition ;  the  winter 

the  secondary  southern  base-station.    Before  settling 

magnetic  observations  were  made  on  board  the  ship 

during  the  cruise  to  and  from  the  most  easterly  position  attained  off  King 

Edward  VIT.  Land  in  lat.  76°  S.,  long.  152^°  W.,  and  she  was  successfully  swung 

off  Cape  Crozier  to  ascertain  the  disturbing  effects  of  the  iron  upon  the  compasses 

and  dip  and  force  instruments  mounted  in  the  ship's  observatory. 
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As  a  ship  fitted  to  meet  tlie  most  stormy  seas  and  to  buffet  with  tlie  ke,  tbt 
'  Discovery  has  been  a  great  success.  Let  me  add  another  tribute  to  her  Taloe, 
From  Spithead  until  she  reached  New  Zealand  but  small  correctiona  werereqmred 
for  reducing  the  observations  made  on  board.  The  experience  of  Roas'a  Antaictie 
expedition  had,  however,  taught  the  lesson  that  two  wood-built  ships,  the  'Ereboi* 
and  '  Terror/  with  but  some  8^  to  4°  of  deviation  of  the  compass  at  Simon's  Bit, 
South  Africa,  found  as  much  as  66^  of  deviation  at  thdr  position  farthest  soou, 
an  amount  almost  prohibitory  of  good  restdts  being  obtained  on  board. 

How  fared  the  '  Discovery  'P  I  have  been  told  by  Lieutenant  Shackleton^-fer 
the  cause  of  whose  return  to  England  we  must  all  feel  great  sympathy— that 
a  maximum  of  only  11°  of  deviation  was  observed  at  her  most  southerly  position. 
From  this  we  may  look  forward  hopefully  to  magnetic  results  of  a  value  hitlierto 
unattained  in  those  regions. 

At  winter  quarters,  besides  the  monthly  absolute  observations  of  the  magnette 
elements,  the  Eschenhagen  variometers  or  self-registering  instruments  for  ooo- 
tinuously  recording  the  changes  in  the  declination,  horizontal  force,  and  vertical 
force  were  established,  and  in  good  working  order  at  the  time  appointed  for  com- 
mencing the  year's  observations. 

I  may  here  rjmind  you  that  some  time  previously  to  the  departure  of  tbs 
British  and  German  Antarctic  expeditions,  a  scheme  of  co-operation  had  been 
established  between  them,  according  to  which  observations  of  exactly  the  8tii» 
nature,  with  the  same  form  of  variometers,  were  to  be  carried  out  at  their  respectife 
winter  quarters  during  a  whole  year,  commencing  March  1,  1902.  Besides  the 
continuous  observations  with  the  variometers,  regiuar  term-days  and  term-honn 
were  agreed  upon  for  obtaining  special  observations  with  them  at  the  same  moment 
of  Greenwich  mean  time.  Both  expeditions  have  successfuUj  completed  this  part 
of  their  intended  work. 

To  co-operate  in  like  manner  with  these  far  southern  stations,  the  Argentine 
Government  s^nt  a  special  party  of  observers  to  Staten  Island,  near  Cape  Horn, 
and  the  Germans  another  to  Kerguelen  Land,  whilst  New  Zealand  entered  beartilf 
into  the  work.  In  addition,  similar  observations  were  .arranged  to  be  made  in 
certain  British  and  colonial  observatoriee,  which  include  Kew,  Falmouth,  Bombay, 
Mauritius,  and  Melbourne ;  also  in  German  and  other  foreign  observatories. 

We  have  all  read  thrilling  accounts  of  tho  journeys  of  the  several  traveling 
parties  which  set  out  from  the  '  Discovery,'  and  of  the  imminent  dangers  to  life  ther 
encountered  and  how  they  happily  escaped  them  except  one  brave  fellow  named 
Vince,  who  disappeared  over  one  of  those  mighty  ice-clii&,  upon  which  all 
Antarctic  voyagers  descant,  into  the  sea.  In  spite  of  all  this  there  is  a  record  of 
magnetic  observations  taken  on  these  journeys  or  which  only  an  outline  has  yet  been 
given.  Anticipations  of  the  value  of  these  observations  are  somewhat  donded 
when  we  read  m  one  report  that  hills '  more  inland  were  composed  of  granite  rodr, 
split  and  broken,  as  well  as  weatherworn,  into  extraordinary  shapes.  The  lower  or 
more  outer  hills  consisted  of  quartz,  &c.,  with  basaltic  d^kes  cutting  through  them.* 
Consequently,  we  have  to  fear  the  effects  of  local  magnetic  disturbances  of  uie  needle 
in  the  land  observations,  whilst  buoyed  up  with  the  hope  of  obtaining  normal 
results  on  board  the  ship. 

Judging  from  some  land  observations  which  have  been  received,  it  appears  that 
considerable  changes  have  taken  place  in  the  values  of  the  magnetic  elements  in 
the  regions  we  are  considering,  but  when  making  comparisons  we  have  to  remem- 
ber the  sixty  years  which  have  elapsed  since  Ross's  time,  and  that  he  had  nothing 
like  the  advantage  of  steam  for  his  ships,  or  of  instruments  of  precision  like  onr 
present  ship  *  Discovery.'  His  ships  also  were,  as  we  have  already  remarked,  much 
worse  magnetically,  causing  far  more  serious  disturbance  of  the  instrument*. 
Hence  the  changes  we  note  may  not  be  entirely  due  to  changes  in  the  earw's 
magnetism. 

The  observations  made  by  the  officers  of  the  *  Southern  Gross  *  at  Cape  Adare 
in  1899-1900  also  contribute  to  this  question  of  magnetic  change. 
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77*6  Mag^nelic  Poles  o/tlts  Earth. 

I  will  now  refer  to  those  two  areas  on  the  gjobe  where  the  dipping  needle 
stands  Tertically,  known  as  the  magnetic  poles.  The  determination  of  tlie  exact 
position  of  these  areas  is  of  great  importance  to  magnetic  science,  and  I  will  just 
glance  at  what  is  being  done  to  solve  the  problem. 

Let  us  consider  the  North  Pole  first,  the  approximate  position  of  which  we 
know  best  from  observation.  If  one  were  asked  to  say  exactly  where  that  pole  has 
"been  in  observation  times,  whether  it  has  moved,  or  where  it  now  is,  the  answer 
must  be  '  I  do  not  know.*  It  is  true  that  Ross  in  1831,  by  a  single  observation, 
considered  he  had  fixed  its  position,  and  I  believe  hoisted  the  British  flag  over  the 
8pot,  taking  possession  thereof;  but  he  may  or  may  not  have  set  up  his  dip  circle 
over  a  position  affected  by  serious  magnetic  disturbance,  and  therefore  wd  must 
still  be  doubtful  of  his  complete  success  from  a  magnetic  point  of  view.  Although 
eminent  mathematicians  have  calculated  it«  position,  and  Neumayer  in  1885  gave 
a  place  to  it  on  his  charts  of  that  year,  we  have  still  to  wait  for  observation  to 
settle  the  question,  for  one  epoch  at  least. 

Happily,  I  am  able  to  repeat  tho  good  news  that  the  Norwegian,  Captain 
Hoald  Amundsen,  sailed  in  June  last  with  the  express  object  of  making  a  mag- 
netic survey  of  Ross's  position  and  of  the  surroundmg  regions,  in  order  to  ^x  the 
Cition  of  the  north  magnetic  pole.  Furnished  with  sm table  instruments  of  the 
»t  pattern,  he  proposes  to  continue  his  investigations  until  1005,  when  we  may 
look  for  his  return  and  the  fulfilment  of  our  hopes. 

As  far  as  we  can  now  see,  the  south  magnetic  pole  cannot  be  approached  .ver^* 
nearly  by  the  traveller,  and  we  can  only  lay  siege  to  it  by  observing  at  stations 
some  distance  off  but  encircling  it.  We  have  our  own  expedition  on  one  side  of 
it,  and  now  with  the  return  of  the  '  Gauss '  to  South  Africa  in  June  last,  we  have 
learnt  that  that  vessel  wintered  in  lat.  66^  2'  S.,  long.  89°  48'  E.,  a  position  on 
the  opposite  side  of  the  supposed  site  of  the  magnetic  pole  to  that  of  the 
*  Discovery.*  We  may  now  pause  to  record  our  warm  congratulations  to  Dr.  von 
X>ryghl3ki  and  his  companions  on  their  safe  return,  accompanied  by  the  welcome 
report  that  their  expedition  has  proved  successful. 

In  addition  to  the  British  and  German  expeditions,  there  are  the  Swedish 
expedition  and  the  Scottish  expedition.  Therefore,  with  so  many  nationalities 
nv^orking  in  widely  different  localities  surrounding  it,  we  have  every  reason  to 
expect  that  the  position  of  the  south  magnetic  pole  will  be  determined. 

The  Secular  Change. 

"When  in  the  year  1600  Gilbert  announced  to  the  world  that  the  earth  is  a 
great  magnet,  he  believed  it  to  be  a  stable  magnet ;  and  it  was  left  to  Gellibrand, 
some  thirty-four  years  later,  by  his  discovery  of  the  annual  change  of  the  mag- 
netic decimation  near  London,  to  show  that  this  could  hardly  be  the  case.  Ever 
since  then  the  remarkable  and  unceasing  changes  in  the  magnetism  of  the  earth 
have  been  the  subject  of  constant  observation  by  magneticians  and  of  investi- 
gation by  some  of  the  ablest  philosophers  in  Europe  and  America.  Year  after 
year  new  data  are  amassed  as  to  the  changes  going  on  in  the  distribution  of  the 
magnetism  of  the  earth,  but  as  yet  we  have  been  favoured  by  hypotheses  only  as 
to  the  causes  of  the  wondrous  changes  which  the  magnetic  needle  records. 

These  hypotheses  were  at  one  time  chiefly  based  upon  a  consideration  of  the 
secular  change  in  the  declination,  but  it  is  now  certain  that  we  must  take  into 
account  the  whole  of  the  phenomena  connected  with  the  movements  of  the  needle, 
if  we  are  to  arrive  at  anjr  satisfactory  result.  Besides,  it  will  not  suffice  to  take 
our  data^  solely  from  existing  fixed  observatories,  however  relatively  well  placed 
and  equipped,  and  valuable  as  they  certainlv  are,  for  it  now  appears  that  the 
secular  change  is  partly  dependent  upon  locality,  and  that  even  at  places  not  many 
miles  apart  differences  in  results  unaccounted  K>r  by  distance  have  been  obtained. 

The  tendency  of  observation  is  increasingly  to  show  that  the  sectilar  change  of 
the  magnetic  elements  is  not  a  world-wide  progress  of  the  magnetic  needle  moving 
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regularly  in  certain  directioDB,  ag  if  solely  caused  by  the  regular  rotation  during  & 
long  series  of  years  of  the  magnetic  poles  round  the  geographical  poles,  for  if  too 
examine  Map  No.  1,  showing  the  results  of  observations  during  the  years  1840^ 
as  regards  secular  change,  you  will  obsenre  that  there  are  local  causes  at  woric  in 
certaui  regions,  whilst  in  others  there  is  rest,  which  must  largely  modify  the  effect 
of  any  polar  rotation. 

Allow  me  to  explain  further.  The  plain  lines  on  Map  No.  1  indicate  approxi- 
mate regions  of  no  secular  change  in  the  declination,  and  the  small  arrows  tk 
general  direction  (not  the  amount)  in  which  the  north-seeking  end  of  the  horiiootal 
needle  was  moving  during  those  forty  years.  The  foci  of  greatest  changb  in  Ute 
declination,  with  the  approximate  amount  of  annual  change  in  the  northern  hemi- 
sphere, are  shown  in  the  German  Ocean  and  N.W.  Alaska,  in  the  southen 
hemisphere  off  the  coast  of  Brazil,  and  in  the  South  Pacific  between  New  Z^luid 
and  Cape  Horn.  The  two  foci  of  greatest  annual  change  in  the  dip  are  shown, 
one  in  the  Gulf  of  Guinea  where  the  north-seeking  end  of  the  needle  was  being 
repelled  strongly  upwards,  the  other  on  the  west  side  of  Tierra  del  Fuego,  where 
the  north-secjang  end  of  the  needle  was  being  attracted  strongly  downwards. 

It  is  remarkiS>le  that  the  lines  of  no  change  in  the  declination  paas  through  the 
foci  of  greatest  change  in  the  din.  If  the  needle  be  repelled  upwards,  as  at  the 
Gulf  of  Guinea  focus,  it  will  be  &und  to  be  moving  to  the  eastward  on  the  es^ 
side  of  the  whole  line  of  no  change  in  the  declination  from  the  Cape  of  Gt>od  Hope 
to  Labrador ;  to  the  westward  on  the  west  side.  If  the  needle  be  attracted  down- 
waids,  as  at  the  Tierra  del  Fuego  focus,  it  will  be  found  moving  to  the  westward 
on  the  east  side  of  the  whole  line  of  no  declination  from  that  focus  to  near 
Vancouver  Island ;  to  tJie  eastward  on  the  west  side. 

A  simUar  result  may  be  seen  in  the  line  passing  through  a  minor  focus  of  the 
dip  near  Hong  Kong. 

Judpng  from  analogy  there  should  be  another  focus  of  chan^  in  the  dip  in 
lat.  7(r^.9  long.  116^  £.,or  about  the  position  asdgned  to  the  Siberian  focus  of 
greatest  force. 

On  Map  No.  2  are  shown  lines  of  equal  value  of  the  declination — the  red  linee 
for  the  year  1880,  the  black  lines  for  the  year  1896.  From  these,  when  shown  on 
a  large  scale,  we  may  deduce  the  mean  annual  change  which  has  taken  place  in 
the  declination  during  the  fifteen  vears  elapsed. 

In  this  map  we  are  reminded  of  the  different  results  we  obtain  in  difiermt 
localities,  for  if  a  line  be  drawn  from  Wellington  in  New  Zealand  past  Cape  York 
in  Australia  to  Hong  Kong,  little  or  no  change  will  be  found  in  the  neigbboaring 
region  since  1840.  A^in,  the  line  of  no  change  in  the  declination  ^own  (m 
Map  No.  1  to  be  following  much  the  same  direction  as  the  great  mountain  ranges  oo 
the  west  ude  of  the  American  continent,  has  hardly  moved  for  many  years  accord- 
ing to  the  observations  available. 

On  the  other  hand,  let  us  now  turn  to  an  example  of  the  remarkable  changee 
which  may  ta^e  place  in  the  declination  unexpectealy  and  locally.  The  island  of 
Zanzibar  and  the  east  coast  of  Africa  were  constantly  being  visited  by  our  survey- 
ing-ships and  ships  of  war  up  to  the  year  1880,  observations  of  the  declination 
being  made  every  year  at  Zanzibar  during  the  epoch  1870-^.  The  results  showed 
that  from  Capetown  nearly  to  Cape  Guudafui  the  annual  change  of  that  element 
hardly  exceeded  1 . 

During  the  succeeding  years  of  1890-91  observations  were  made  by  the  Ger- 
mans at^ar-es-Salaun  and  some  other  places  on  the  neighbouring  coasts,  with  the 
result  that  the  declination  was  found  to  be  channng  at  first  3'  annu^y,  and  since 
that  period  it  had  reached  10'  to  12'  at  Dar-ee-Salaam.  Subsequent  ob8ervati(H» 
at  the  latter  place  in  1896-98  confirmed  the  fact  of  the  great  change,  and  in  addi- 
tion our  surveying-ship  on  the  station,  specially  orders  to  *  swing  *  at  different 
places  in  deep  water  off  the  coast,  generally  confirmed  the  results.  It  is  remarkable 
that  whilst  such  great  changes  should  have  taken  ^lace  between  Caoetown  and 
Cape  Guardafui,  Aden  and  the  region  about  the  straits  of  Bab-el-Mandeb  seem  to 
be  comparatively  unaffected 
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Local  Magnetic  Disturbance. 

In  Map  No.  2  normal  lines  of  equal  value  of  the  declination  are  recorded,  and 
as  far  as  the  fp*eater  part  of  the  globe  covered  by  water  is  concerned,  we  may 
accept  them  as  undisturbed  values,  for  we  have  yet  to  learn  that  there  are  any 
local  magnetic  disturbances  of  the  needle  in  depths  beyond  100  fathoms. 

When,  however,  we  come  to  the  land,  there  is  an  increasing  difficulty  in  finding 
districts  of  only  a  few  miles  in  extent  where  the  observed  values  of  the  magnetic 
elements  at  different  stations  therein  do  not  difler  more  widely  than  they  should  if 
we  considered  only  their  relative  position  on  the  earth  as  a  magnet.  Take  Hiicker 
and  Thorpe's  maps  of  the  British  Isles  and  those  of  the  United  States,  for  example,- 
where  the  lines  of  equal  value  are  drawn  in  accordance  with  the  observations, 
with  the  result  that  they  form  extraordinary  loops  and  curves  differing  largely 
from  the  normal  curves  of  calculation. 

From  among  numerous  examples  of  disturbance  of  the  declination  on  land,  two 
may  be  quoted.  In  the  Rapakivi  district,  near  Wiborg,  a  Russian  surveying  ofiicer 
in  the  vear  1890  observed  a  disturbance  of  180°,  or,  in  other  words,  the  north 
point  0?  his  compass  pointed  due  south.  At  Invercargill,  in  New  Zealand,  within 
a  circle  of  30  feet  radius,  a  difference  of  66°  was  found.  Even  on  board  ships  in 
the  same  harbour  different  results  are  sometimes  observed,  as  our  training  squadron 
found  at  Reikiavik  in  Iceland,  and  notably  in  our  ships  at  Bermuda. 

It  is  hardly  necessary  to  add  that  the  dip  and  force  are  often  largely  subject 
to  like  disturbance,  but  I  do  so  in  order  to  warn  travellers  and  surveyors  that  ob- 
servations in  one  position  often  convey  but  a  partial  truth ;  they  should  be  supple- 
mented by  as  manv  more  as  possible  m  the  neighbourhood  or  district.  Erroneous 
values  of  the  secular  change  have  also  been  piiolished  from  the  various  observers 
not  having  occupied  exactly  the  same  spot,  and  even  varied  heights  of  the  instru- 
ment from  the  ground  may  make  a  serious  difference,  as  at  Rapakivi  before^ 
mentioned,  and  at  Madeira,  where  the  officers  of  the  '  Challenger '  expedition  found 
the  dip  at  a  foot  above  the  ground  to  be  48°  46'  N. ;  at  8^  feet  above  the  ground 
56°  18'  N.  at  the  same  spot. 

All  mountainous  districts  are  specially  open  to  suspicion  of  magnetic  disturb- 
ance, and  we  know  from  comparison  with  normal  observations  at  sea  that  those 
mountains  standing  out  of  the  deep  sea,  which  we  call  islands,  are  considerably  so 
affected. 

Magnetic  Shoals, 

The  idea  that  the  compasses  of  ships  could  be  affected  by  the  attraction  of  the 
ndghbouring  dry  land,  causing  those  ships  to  be  unsuspectingly  diverted  from  their 
correct  course,  was  long  a  fevourite  theory  of  those  who  discussed  the  causes  of 
shipwreck,  but  it  was  '  a  fond  thing  vainly  invented.'  I  can  hardly  say  this  idea 
is  yet  exploded,  but  from  what  has  already  been  said  about  local  magnetic  dis- 
turbance on  land,  it  is  not  a  matter  of  surprise  that  similar  sources  of  disturbance 
should  exist  in  the  land  tmder  the  sea,  for  it  has  been  found  that  in  certain 
localities,  in  depths  of  water  sufficient  to  float  the  largest  ironclad,  considerable 
disturbances  are  caused  in  the  compasses  of  ships. 

An  area  of  remarkable  disturbance  having  been  reported  as  existing  off 
Ooasack,  N.W.  Australia,  H.M.S.  *  Penguin,'  a  surveying-shii)  provided  with 
the  necessary  magnetic  instruments,  was  sent  by  the  Admiralty  in  1891  to  make 
a  complete  magnetic  survey  of  the  locality,  with  a  view  to  ascertaining  the  facta 
and  placing  them  on  a  scientific  basis.  An  area  of  disturbance  3*6  miles  long  by 
2  miles  broad,  with  not  less  than  8  fathoms  of  water  over  it,  was  found  lying 
in  a  N.E.  by  E.  and  S.W.  by  W.  direction.  At  one  position  the  disturbing  force 
'was sufficient  to  deflect  the  *  Penguin's*  compass  56° ;  in  another — the  focus  of  prin. 
cipal  disturbance — the  dip  on  board  was  increased  by  29°,  and  this  at  a  distance  of 
over  3  miles  from  the  nearest  visible  land,  upon  which  only  a  small  disturbance 
of  the  dip  was  found. 

This  remarkable  area  of  disturbance  was  then  called  a '  Magnetic  Shpal,'  a  term 
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which  at  firat  sight  hardly  aopears  to  be  applicable.  We  have,  however,  becoae 
faauliar  with  the  terms  '  riage  line,  valley  line,  peak,  and  col/  as  applied  to  areas 
of  magnetic  disturbance  on  land;  therefore  I  think  we  maj  conveniently  designate 
areas  of  magnetic  disturbance  in  land  under  the  sea  '  Magnetic  Shoab.' 

This  year  HM.  surveying-ship  '  Research '  has  examined  and  placed  a  magnetic 
shoal  in  East  Loch  Roag  (Island  of  Lewis),  but  as  all  our  surveying-ships  are 
practically  iron  ships,  it  was  impossible  from  observations  on  board  to  obtain  tbe 
exact  values  of  the  disturbing  forces  prevaiUng  in  this  shoal.  The  reason  for  this 
is  that,  although  we  may  accurately  measure  tbe  disturbing  forces  of  the  iron  of 
the  sbip  in  deep  water,  directly  she  is  placed  over  the  shoal  induction  takes  place, 
and  we  can  no  longer  determine  to  what  extent  the  observed  disturbances  are  due 
to  the  ahip*s  newly  developed  magnetism,  or  to  what  extent  the  shoal  alone  pro- 
duces them. 

We  can,  nevertheless,  even  in  an  iron  ship,  accurately  place  and  show  tbe 
dimensions  of  a  magnetic  shoal  and  the  direction  in  which  a  ship's  compass  will 
be  deflected  in  any  part  of  it  by  compass  observations  only.  Is  it  not,  therefore, 
the  duty  of  any  ship  meeting  with  such  shoals  to  stop  and  fix  their  position  ? 

The  general  law  governing  the  distribution  of  ma^etism  on  the^e  magnetic 
shoals  is  that  in  the  northern  hemisphere  the  north  point  of  the  compass  is  drawn 
towards  the  focus  of  greatest  dip ;  in  the  southern  hemisphere  it  is  repelled.  The 
results  at  East  Loch  Roag  proved  an  exception,  the  north  point  of  the  compass 
being  repelled. 

Terrestrial  Magnetism  and  Geology. 

I  have  already  referred  to  the  question  of  local  magnetic  disturbance  as  one 
of  great  importance  in  magnetic  survevs.  The  causes  of  these  disturbances  were 
at  one  time  a  matter  of  opinion,  but  the  evidence  of  the  elaborate  magnetic  sur- 
veys I  have  alluded  to,  when  compared  with  the  geological  maps  of  the  same 
countries,  points  clearly  to  magnetic  rocks  as  their  chief  origin. 

Magnetic  rocks  may  be  present,  but  from  their  peculiar  position  fail  to  disturb 
the  needle;  but,  on  the  other  hand,  as  RUcker  writes  in  his  summary  of  the  results 
of  the  great  magnetic  survey  of  the  British  Isles  conducted  by  Thorpe  and  himselt 
<  the  magnet  would  be  capable  of  detecting  large  masses  of  magnetic  rock  at  s 
depth  of  several  miles,'  a  distance  not  yet  attained  by  the  science  of  the 
geologbt 

Again,  Dr.  Rijckevorsel,  in  his  survey  of  Holland  for  the  epoch  1891,  was 
convinced  that '  in  some  cases,  in  many  perhaps,  there  must  be  a  direct  lelation 
between  geology  and  terrestrial  magnetism,  and  that  many  of  the  magnetic 
features  must  be  in  some  way  determined  by  the  geological  structure  of  the  under- 
ground.' 

During  the  years  1897-99  a  magnetic  survey  was  made  of  the  Eaiser-stuhl,  s 
mountainous  district  in  the  neighbourhood  of  Freiburg  in  Baden,  by  Dr.  G.  Meyer. 
'^^xact  topographical  and  geological  surveys  had  been  previously  made,  and  tbe 
object  of  the  magnetic  survey  was  to  show  how  far  the  magnetic  disturbances  of 
the  needle  were  connected  with  geological  conformations.  Here,  again,  it  was 
found  that  the  magnetic  and  geological  features  of  the  district  showed  con8ide^ 
able  agreement,  bsisaltic  rocks  being  the  origin  of  the  disturbance.  This  was  not 
all,  for  in  the  level  country  adjacent  to  the  Rhine  and  near  Preisach  unsuspected 
masses  of  basalt  were  found  by  the  agency  of  the  magnetic  needle. 

Morn  recently  we  find  our  naval  officers  in  H.M.S. '  Penguin,'  with  a  complete 
outfit  of  magnetic  instruments,  making  a  magnetic  survey  of  Funafuti  atoU  and 
assisting  the  geologist  by  pointing  out,  by  means  of  the  ol^erved  disturbance  of 
the  needle,  the  probable  positions  in  the  lagoon  in  which  rode  would  be  moet 
accessible  to  their  boring  apparatus. 

Leaving  the  geologist  and  the  magnetician  to  work  in  harmony  for  their 
eommon  weal,  let  us  turn  to  some  other  aspects  of  the  good  work  already  aoeom^ 
plished  and  to  be  accomplished  by  magnetic  observers; 
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Magnetic  Charts, 

Of  the  valuable  work  of  the  several  fixed  magnetic  observatories  of  the  world, 
I  may  remark  that  they  are  constantly  recording  the  never-ceasing  movements  of 
the  needle,  the  key  to  many  mysteries  to  science  existing:  in  the  world  and 
external  to  it,  but  of  which  we  have  not  yet  learnt  the  use.  Unfortunately  many 
of  these  once  fixed  observatories  have  become  travellers  to  positions  where  the 
earth  can  carry  on  its  work  on  the  needle  undisturbed  by  electric  trams  and 
railways  which  have  sprung  up  near  them,  and  it  is  to  be  hoped  they  will  find 
rest  there  for  many  years  to  come. 

Of  the  forty-two  observatories  which  publish  the  values  of  the  magnetic 
elements  obtained  there,  thirty-two  are  situated  northward  of  the  parallel  of 
30^  N.^  and  only  four  in  south  latitude ;  and  it  is  a  grief  to  magneticians  that  so 
important  a  position  na  Capetown  or  its  neighbourho<xl  does  not  make  an  additional 
fixed  magnetic  observatory  of  the  first  order. 

Thus,  as  far  as  our  present  question  of  magnetic  charts  and  their  compilation  is 
concerned,  the  observatories  do  not  contribute  largely,  but  we  should  be  very 
grateful  to  them  for  the  accurate  observations  of  the  secular  change  they  provide 
which  are  so  difficult  to  obtain  elsewhere. 

Of  the  value  of  magnetic  charts  for  different  epochs  I  have  much  to  saj,  as 
they  are  required  for  purely  scientific  inquiry  as  well  as  for  practical  uses.  It  is 
only  by  their  means  that  we  can  really  compare  the  enormous  changes  which 
take  place  in  the  magnetism  of  the  globe  as  a  whole ;  they  are  useful  to  the 
miner,  but  considerably  more  so  to  the  seaman.  Had  it  not  been  for  the  charts 
compiled  from  the  results  of  the  untiring  labours  of  travellers  by  land  and 
observers  at  sea  in  the  field  of  terrestrial  magnetism  during  the  last  century,  not 
only  would  science  have  been  miserably  poorer,  but  it  is  not  too  much  to  say  that 
the  modem  iron  or  st^el  steamship  traversing  the  ocean  on  the  darkest  ni^ht  at 
great  speed  would  have  been  almost  an  impossibility,  whereas  with  their  aid 
the  modem  navigators  can  drive  their  ships  at  a  speed  of  26*5  statute  miles  an 
hour  with  comparative  confidence,  even  when  neither  sun,  moon,  nor  stars  are 
appearing. 

Of  the  large  number  of  travellers  by  sea,  including  those  who  embark  with  the 
purpose  of  increasing  our  geographical  knowledge  of  distant  lands  and  busying 
themselves  with  most  useful  inquiries  into  the  geology,  botany,  zoology,  and 
meteorology  of  the  regions  they  visit,  few  realise  that  when  they  set  foot  on 
board  ship  (for  all  ships  are  now  constructed  of  iron  or  steel)  they  are  living 
inside  a  magnet.  Truly  a  magnet,  having  become  one  by  the  inductive  action  of 
that  great  parent  magnet — the  Earth. 

How  fares  the  compass  on  board  those  magnets,  the  ships,  that  instrument  so 
indispensable  to  navigation,  which  Victor  Hugo  has  forcibly  called  '  the  soul  of 
the  snip,'  and  of  which  it  has  been  written, 

*  A  rusted  nail,  placed  near  the  faithf al  compass, 
Will  sway  it  from  the  troth,  and  wreck  an  argosy '  ? 

And  if  so  small  a  thing  as  an  iron  nail  be  a  danger,  what  are  we  to  say  to  the 
iron  ship  ?    Let  us  for  a  moment  consider  this  important  matter. 

If  the  nature  of  the  whole  of  the  iron  or  steel  used  in  construction  of  ships 
were  such  as  to  become  permanently  magnetic,  their  navigation  would  be  much 
simplified,  as  our  knowled^  of  terrestrial  magnetism  would  enable  us  to  provide 
correctors  for  any  disturbing  eifects  of  such  iron  on  the  compass,  which  would 
then  point  correctly.  But  ships,  taken  as  a  whole,  are  generally  more  or  less 
unstable  magnets,  and  constantly  subject  to  change,  not  only  on  change  of 
geographical  position,  but  also  of  direction  of  the  ship's  head  with  regard  to  the 
nuignetic  meridian.  Thus  a  ship  steering  on  an  easterly  course  may  be  tem- 
pomrily  magnetised  to  a  certain  extent,  but  on  reversing  the  ship's  course  to  west 
she  would  after  a  time  become  temporarily  magnetised  to  the  same  amount,  but 
in  the  opposite  direction,  the  north  point  of  the  compass  being  attracted  in  each 
case  to  that  side  of  the  ship  which  is  southernmost. 
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Shortly^  we  may  define  the  action  of  the  earth's  magnetism  on  the  iron  of  t 
ship  as  foUows :  The  earth  bein^  surrounded  b^  a  magnetic  field  of  force  differing 
greatly  in  intensity  and  direction  in  the  regions  from  the  North  Pole  to  the 
Equator  and  the  Equator  to  the  South  Pole,  the  shines  magnetic  condition  is 
largely  dependent  upon  the  direction  of  her  head  whilst  building  and  the  part  of 
that  field  she  occupied  at  the  time ;  partly  upon  her  position  in  the  magnetic 
field  she  traverses  at  any  given  time  during  a  yoyage. 

For  the  reasons  I  haye  given,  magnetic  charts  are  a  necessity  for  practical 
purposes  and  in  the  following  order  of  yalue.  That  of  the  magnetic  declination 
or  yariation  which  is  constantly  in  use,  especially  in  such  parts  of  the  world  as  the 
8t.  Lawrence  and  the  approaches  to  the  Englisn  Channel,  where  the  declination 
changes  very  rapidly  as  the  ship  proceeds  on  her  course.  Next,  that  of  the  dip 
and  force,  whicn  are  not  only  immediately  useful  when  correcting  the  ships 
compass,  but  are  required  in  the  analysis  of  a  ship's  magnetism  both  as  regards 
present  knowledge  and  future  improvements  in  placing  compasses  on  board. 

If  astronomers  have  for  a  very  long  time  been  able  to  publish  for  seyeral  years 
in  advance  exact  data  concerning  the  heayenly  bodies,  is  it  too  much  to  hope  that 
magneticians  will  before  long  luso  be  able  to  publish  correct  magnetic  charts  to 
cover  several  years  in  advance  of  any  present  epoch  ?  If  this  is  to  oe  done  within 
reasonable  time  there  must  be  a  long  pull,  a  strong  pull,  and  a  pull  all  together  of 
magnetic  observers  in  all  lands,  and  accumulated  data  must  also  be  diseased. 

On  Magnetic  Instruments  for  Travellers, 

Travellers  in  unsurveyed  countries,  if  properly  instructed  and  equipped,  can  do 
pood  seryice  to  science  by  obnerving  the  three  magnetic  elements  of  aeclination, 
mclination  or  dip,  and  force  at  as  many  stations  as  circumstances  will  permit ; 
hence  the  following  remarks. 

For  the  purpose  of  making  the  most  exact  magnetic  survey  the  best  equipment 
of  instruments  consists  of  the  well-known  unifilar  magnetometer,  with  fittings  for 
observing  the  declination,  and  a  Barrow's  dip  circle.  To  some  trayellers  these 
instruments  might  be  found  too  bulky,  and  in  some  regions  too  delicate  as  well  as 
heavy  to  carry. 

Of  suitable  instruments,  made  abroad,  those  used  by  M.  Moureaux  in  his 
survey  of  France  may  be  mentioned,  as  they  are  of  similar  type,  but  much  smaller 
and  lighter  than  the  instruments  above  mentioned. 

Another  form  of  instrument,  called  an  L.C.  instrument,  for  observing  both  the 
inclination  and  total  force,  is  shown  in  the  instrument  before  you.  Originally 
designed  for  obseryations  on  board  ships  at  sea  where  the  ordinary  magnetic 
instruments  are  unmanageable,  it  has  also  been  found  to  give  satisfactory  results 
in  a  land  survey,  where  greater  accuracy  is  expected  than  at  sea.  Thus,  during  a 
series  of  observations  extending  from  the  north  side  of  Lake  Superior  to  the 
southern  part  of  Texas  last  year,  comparisons  were  made  between  the  results 
obtained  with  an  L.C.  instrument  and  those  of  the  regular  unifilar  magnetometer 
and  dip  circle,  when  the  agreement  was  found  satisfactory. 

I  am  therefore  of  the  opinion  that  a  traveller  furnished  with  a  theodolite  for 
land-surveying  purposes,  but  fitted  with  a  reversible  magnetic  needle,  can  at  any 
time  he  observes  a  true  bearing  obtain  a  trustworthy  value  of  the  declination. 
Dismounting  the  theodolite  from  his  tripod,  the  latter  will  serve  for  mounting  an 
L.C.  instrument  with  which  to  observe  the  inclination  and  force.  Thus,  by 
adding  to  his  ordinary  equipment  an  instrument  weighing  in  its  box  about  21  lb., 
he  can  obtain  valuable  contributions  to  terrestrial  magnetism,  and  at  the  same 
time  give  useful  assistance  to  geological  investigations. 

Concluding  Remarks, 

Although  a  great  subject  like  terrestrial  magnetism,  even  to  exhibit  our 
present  knowledge  of  the  science,  cannot  be  brought  within  the  compass  of  an 
address — for  it  requires  a  treatise  of  many  pages  —I  have  brought  some  of  the 
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broad  features  of  it  before  the  Secdoa  in  order  to  show  its  connection  with 
G^eomphj. 

I  also  entertain  the  hope  that  geographers  will  become  more  interested  in  a 
subject  so  important  to  pure  science  and  in  its  practical  applications,  and  that  it 
will  become  an  additional  subject  to  the  instruction  which  trayeilers  can  now 
obtain  under  the  auspices  of  the  Royal  Geographical  Society  in  geology,  botany, 
zoology,  meteorology,  and  surveying.  ' 

There  is  a  wide  field  open  to  observers,  and  where  results  often  depend  so 
much  upon  locality  we  require  to  explore  more  and  more  with  the  magfnetic 
needle.  To  look  over  the  great  oceans  and  think  how  little  is  being  done  for 
terrestrial  magnetism  is  a  great  matter  for  regret.  Yet  even  there  we  may  begin 
to  be  hopeful,  for  the  United  States  Coast  and  G^detic  Survey  authorities  are 
making  arranficements  to  fit  out  its  vessel  with  the  necessary  instruments  for 
determining  the  magnetic  elements  at  sea. 

We  wish  them  Si  succens ;  but  I  must  again  remind  you  that  although  we 
cannot  compel  observers  to  start,  there  is  room  for  them  and  to  spare. 

I  would  fain  make  some  remarks  on  the  prevailing  ignorance  of  sound  geo- 
graphy in  many  quarters,  and  on  the  defective  methods  of  teachiDjr  the  science ; 
but  I  feel  that  the  subject  is  placed  in  very  able  hands,  and  will  be  tuUy  discussed 
elsewhere  during  the  present  meeting. 


The  following  Papers  were  read : — 

1.  The  recent  West  Iiidian  Eruptions,^ 
By  Trmprbt  Akdebson,  M.D.^  B.Sc. 


2.  The  JEconofnio  Development  of  West  Africa^    By  E.  D.  Mobkl. 

Although  West  African  affairs  are  enga^ng  more  and  more  attention,  the 
public  as  a  whole  continues  to  display  a  ciirions  indifference  to  that  part  of  the 
world.  Tet  there  are  urgent  reasons  why  a  manufacturing  nation  like  ours  should 
show  keener  interest  in  one  of  the  greatest  raw  material-producing  countries 
in  the  world,  of  which  we  possess  some  700,000  square  miles,  inhabited  by 
30,000,000  people.  The  author  of  the  paper  protests  against  the  indifference  of 
the  public :  the  extent  of  British  commercial  mterests  in  West  Africa  is  ignored 
bv  most,  and  the  future  potentialities  of  the  country  are  insufficiently  appreciated. 
The  chief  factor  which  determined  the  Powers  to  assume  the  liabilities  they  have 
in  tropical  Africa  was  due  to  the  belief  that  raw  material  is  necessary  to  an 
industrial  and  manufacturing  nation,  and  that  each  nation  must  find  new  markets 
for  the  consumption  of  home  manufactures,  markets  which  will  pay  for  such 
manufactures  in  raw  material.  It  follows,  therefore,  that  the  economic  develop- 
ment of  tropical  Africa  is  the  principal  aim  which  each  Power  has  in  view.  How 
can  that  economic  development  be  best  pursued  in  a  manner  profitable  to  the 
people  of  Europe  and  to  the  people  of  Africa  P  If  it  is  to  be  permanently  success- 
ful, it  must  be  profitable  to  both. 

The  paper  goes  on  to  point  out  that  two  political  conceptions — utterlv  divergent 
and  antagonistic,  yet  both  alike  concerned  with  th^  economical  development  of 
tropical  Africa,  and  therefore  both  alike  arising  from  the  cardinal  factor  which 
led  to  the  partition  of  tropical  Africa  among  tne  Powers — are  before  the  world. 
The  adoption  of  one  or  the  other  conception  will  decide  the  future  of  European 
effort  in  the  black  man's  country  The  two  conceptions  are  defined  as  Coercion 
and  Commerce :  the  former  is  characterised  as  a  revival  in  aggravated  form  of  the 
old    culture  system  of  the  Dutch   East   Indies,  which  had  to  be  abandoned 

*  The  subject-matter  of  the  lecture  appeared  in  the  Qeofraphieal  Journal  for 
March  1903. 

*  Printed  in  fnU  in  the  IFm^  il/ri0<m  JTai/,  September  18  and  25, 1903.  ^ 
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owbg  to  the  ruin  and  exlutustion  it  brought  with  it  This  system  is  at  present 
in  operation  in  a  large  portion  of  tropical  Africa.  It  is  based  upon  the  repudistion, 
or  rather  the  ignorinfir,  of  native  riguts  of  land  tenure ;  upon  the  definition  of  til 
land  not  actually  built  over  or  cultivated  for  food-stufls  as  '  vacant ' ;  and  upon 
the  appropriation  of  all  such  land  and  the  produce  yielded  by  it.  It  tends  towaids 
the  enslavement  of  whole  peoples  and  brings  inevitable  ruin  in  its  train.  Argu- 
ments are  adduced  to  show  that,  apart  from  its  moral  side,  this  conception  ii 
antagonistic  to  the  development  of  all  legitimate  European  aims  in  tropical  Africa, 
and  that  if  it  b  morally  pernicious  it  is  also  practically  short-aghted  and 
injurious,  and  should  be  resisted  to  the  uttermost. 

The  other  conception  has,  the  author  contends,  notwithstanding  manymatertai 
obstacles,  produced  results  which  are  obvious  and  visible  to  all.  It  is  based  upon 
the  recognition  that  the  inherent  rights  of  a  native  of  tropical  Africa  to  his  Isnd 
nnd  the  produce  thereof  are  the  necessary  accompaniments  of  all  successful  and 
permanent  development  work  in  the  interests  both  of  the  European  and  the  negro. 
The  commercial  instincts  of  the  negro  are  notorious,  his  adaptability  remarkable; 
the  theory  that  he  will  not  work  is  untenable  in  face  of  the  positive  results  of  his 
labours  in  the  millions  of  pounds*  worth  of  produce  shipped  home  annually  to 
Europe  from  West  Africa.  He  merely  requires  instruction  and  guidance  to 
prevent  wastage  and  destruction  of  economic  products  due  to  want  of  knowledee 
m  the  preparation  and  collection  of  the  raw  material.  An  urgent  necesdty  u 
the  careful  study  of  native  land  tenure  as  an  important  factor  in  economic 
development,  the  theory  of  *  vacant '  lands  being  often  misleading  and  open  to 
grave  abuses. 

The  paper  then  dbcueses  the  best  means  of  improving  native  industries  and 
helping  the  native  to  construct  new  ones,  laying  particular  stress  upon  the  great 
importance  of  extending  the  growth  of  cotton  in,  and  promoting  its  export  nooD, 
the  tropical  African  provinces  of  the  Empire.  Eeference  having  been  made  to 
various  measures  which  might  with  advantage  be  taken  by  Government  to  secaie 
these  ends,  the  opinion  is  expressed  that  the  only  right  and  practical  ideal  which 
should  govern  European  action  in  tropical  Alrica  (which  is,  and  must  alwajs 
remain,  a  black  man  s  country,  where  the  European  cannot  colonise  and  can  only 
supervise)  is  to  teach  the  native  to  take  pride  in  his  property ;  to  guarantee  him 
from  molestation  in  his  ownersliip  of  his  property  ;  to  assist  him  in  developing  the 
raw  products  his  fertile  soil  yields  for  his  own  advantage  and  ours ;  to  mdie  it 
clear  to  him  that  we  look  upon  him,  not  as  a  fool,  still  less  as  a  brute,  but  u 
a  partner  in  a  great  undertaking  which,  if  properly  conducted,  will  confer  lasting 
benefit  upon  his  race  and  the  white  over-loras  who  have  established  themselTes 
in  his  midst. 


Fill  I)  AY,  SEPTEMBER  11. 
The  following  Papers  and  Report  were  read : — 

1.  The  Influence  of  Ice-melting  upon  Oceanic  Circulation.^ 
By  Professor  0.  Pbttersson. 

The  circulation  of  oceanic  waters  has  been  ascribed  partly  to  physical  causes, 
such  as  the  heating  of  surface  waters  in  tropical  and  the  coolinf^  m  polar  regions, 
partly  to  mechanioil  causes,  such  as  the  influence  of  the  prevailing  winds.  The 
latter  is  at  present  regarded  as  the  chief  motive  power  of  the  currents  of  the  sea. 
In  either  case  the  vis  movendi  must  be  the  effect  of  a  thermodynamic  cycle  of  the 
free  heat  in  the  atmosphere  or  in  the  hydrosphere.  On  the  mechanical  hypothesi* 
it  is  obvious  that  the  primary  effect  is  the  generation  of  surface-currents  (wind- 
currents)  of  great  intensity,  and  that  the  intensity  of  motion  must  decrease  with 
the  depth.    The  general  conviction  at  present  is  that  the  movement  of  the  bottom 

*  The  Paper  will  probably  appear  in  oxttmo  in  the  Qeograpkioal  Journal 
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-waters  of  the  ocean  is  extremelj  dow  (vide  G.  Schott's  deecription  of  the  results  of 
the  German  Yaldivia  expedition). 

In  1878  the  author  pointed  out  that  a  ffreat — and  prohahly  the  greatest — part 
of  the  oceanic  current  system  must  he  due  to  another  causei  viz.,  the  thermo- 
dynamic cycle  of  latent  heat,  consisting  in  the  formation  of  ice  in  polar  regions 
and  the  melting  of  ice  in  sea-water  at  lower  latitudes.^  In  *Petermann*8 
Mitteilungen/  lUOO,  Heft  I.  and  II.,  he  calculated  the  energy  generated  by  the 
melting  ot  ice  in  the  sea  between  Iceland  and  Jan  Mayen  to  be  about  400,000  horse- 
power, which  energy  is  employed  in  accelerating  the  movement  of  the  waters  of 
the  East  Iceland  polar  current,  which  makes  its  way  from  the  sea  between  Iceland 
and  Jan  Mayen  towards  the  Faroes,  there  to  dip  under  the  current  of  Atlantic 
water  which  sets  in  between  the  Shetlands  and  the  Faroes,  and  ultimately 
vanishes  into  the  Atlantic  depths  in  the  shape  of  a  submarine  waterfall  over  the 
Iceland-Faroe  and  W.  Thomson  bank.  The  energy  set  free  on  the  melting  of  ice 
in  searwater  is  expended  on  raising  the  water  from  the  submerged  part  of  the  ice 
to  the  surface,  and  may  be  likened  to  a  waterfall  where  the  water,  instead  of 
descendinff,  arises  from  below  to  the  surface.  The  heat  necessary  for  this  melting 
is  supplied  from  undercurrents  of  warm  Atlantic  water,  which  exist  wherever  the 
melting  of  ice  goes  on  in  the  ocean.  One  part  (in  the  case  referred  to  about  ^)  of 
this  warmer  and  Salter  water  mixes  with  the  ice-water  and  forms  the  polar 
eurface-current,  while  the  greater  part  (here  about  J  J)  is  cooled  to  a  temperature 
approaching  the  temperature  of  equilibrium  between  ice  and  salt  water,  and  sinks 
to  the  bottom,  there  to  form  the  layer  of  cold  water  which  is  known  to  exist  in  all 
oceans.  The  temperature  and  the  salinity  of  this  bottom  water  depend  upon  the 
relation  between  the  quantity  of  ice  which  is  melted  and  the  amount  of  warm 
water  supplied  by  the  undercurrent.  In  the  Atlantic  Ocean  the  temperature  is  a 
little  below  or  above  +  2°,  which  shows  that  the  warm  water  here  is  in  excess  of 
the  ice.  In  the  Norwegian  Sea  the  bottom  temperature  is  about  — 1*4®  C,  which 
is  the  lotcest  existing  on  the  globe.  This  shows  that  the  warm  water  supplied  by 
the  Atlantic  current  is  just  sufficient  to  melt  the  ice  which  is  brought  down  along 
the  coast  of  Gh^enland  by  the  polar  current.  It  is  inferred  from  this  that  the 
Btate  of  this  part  of  the  sea  is  in  a  very  unstable  equilibrium,  which  may  account 
for  the  instability  of  the  climate  of  the  northern  countries  of  Europe  and  the  great 
variations  in  the  extension  of  the  ice  in  this  sea.  In  the  Polar  Sea  we  meet  with 
the  startling  fact,  discovered  by  Nansen,  that  the  bottom  temperature  is  higher 
than  in  the  Norwegian  Sea,  or  above  -0*9**  C.  This  is  explained  by  the  fact  that 
the  ice  in  the  polar  sea  floats  in  a  layer  of  cold  water  diluted  by  the  admixture  of 
river-water  from  Siberia.  Thereby  the  access  to  the  ice  of  the  warm  and  salt 
undercurrent,  which  Nansen  discovered  at  about  200  m.  depth,  is  more  or  less 
prevented.  The  ice-melting  in  the  polar  sea  thereby  becomes  lees  intense,  the 
surface  of  the  sea  is  filled  with  ice-floes  and  pack-ice,  which  must  be  carried  out 
into  the  Norwegian  Sea  or  the  Atlantic  in  order  to  melt.  Therefore  the  cooled 
bottom  layer  has  a  higher  salinity  and  temperature  than  in  the  adjacent  Norwegian 
Sea. 

The  influence  of  the  thermodynamic  cycle  of  latent  heat  upon  oceanic  circula- 
tion is  characterised  by  the  following  circumstances : — 

1.  The  seat  of  the  accelerating  force  is  localised  in  the  meeting  places  of  tlie 
ice-currents  of  polar  origin  with  warm  currents.  The  most  important  of  these 
places  are  the  seas  between  Iceland  and  Jan  Mayen,  W.  of  Spitzbergen,  S.£.  of 
rJewfoundland,  and  the  ice  girdle  encircling  the  Antarctic  Sea. 

2.  In  all  such  places  warm  undercurrents  are  found  to  exist  under  the  ice. 
The  melting  process  is  maintained  chiefly  at  the  cost  of  the  heat  stored  up  in  the 
waters  of  tne  undercurrent.  The  system  of  currents  and  undercurrents  of  the 
Norwegian  Sea  is  represented  on  a  chart  prepared  by  the  author. 

8.  The  warm  water  of  the  undercurrent,  which  in  the  northern  hemisphere  is 
denoted  by  the  name  of  *  Atlantic  *  water  (alias  Gulf  Stream  water),  is  modified  by 

*  Ofver$,  KgL  Vetenshaps'-AkademienB  Forhwndl..,  1878,  No.  2,  p.  61,  and  On 
the  Properties  of  Water  and  Ice  (Vegaexpeditionens  iakttagelser,  Stockholm,  1883). 
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iU  coDtect  with  the  ice  into  'Aictic'  water.^  One  part  of  this  Aretk 
consiflts  of  Atlantic  water  diluted  with  ice-water.  This  kind  of  water  riaee  to  the 
surface  and  contributes  to  the  maintenance  of  the  polar  currents.  The  other  and 
greater  part  consists  of  Atlantic  water,  which  has  giren  up  its  surplus  of  heat 
and  sunk  to  the  bottom,  there  to  form  the  great  cold  bottom  layer  of  the  oceans. 

4.  The  warm  undercurrents  always  follow  the  trend  of  the  deepest  isobathic 
lines,  while  the  ice-currents  only  exist  over  shallow  parts  of  the  sea.  As  soon  as 
an  ice-current  leares  the  coast-bank  and  takes  its  way  oTer  a  deep  part  of  the 
ocean,  its  ice  is  exposed  to  melting  by  the  warm  undercurrent,  which  is  attraeted 
by  the  ice  and  mamtained  by  the  energy  set  free  at  the  melting  process. 

5.  The  above-mentioned  chart  shows  a  remarkable  example  of  how  north-^oing 
warm  currents  and  undercurrents  are  deviated  to  the  west  in  the  Norwegian  Sea, 
in  spite  of  the  powerful  influence  of  the  earth's  rotation. 

6.  The  metamorphosis  of  Atlantic  water  into  Arctic  wat^  involves  also  a 
biological  change.  The  foraminifers,  &c.,  of  the  Atlantic  die  out  (as  already  shown 
by  Sir  J.  Murray)  in  contact  with  the  cold  water  and  sink  to  the  bottom,  there  to 
form  calcareous  depoidts.  Consequently  the  course  of  the  warm  undercorreota 
can  be  traced  up  to  the  hi^est  latitudes  by  a  surplus  of  OaO  in  the  bottom 
sediments. 

?.  The  author's  experiments  with  exact  measurements  in  the  Skagerrack  and 
the  Baltic  show  that  the  motion  of  the  deeper  layers  there  is  by  no  means 
insignificant  or  slow,  as  it  is  judged  to  be  by  the  advocates  of  the  '  wind-theory/ 
but  is,  as  a  rule,  strong  than  that  of  the  surface  water.  How  Ur  this  holds  with 
regard  to  the  deeper  parts  of  the  oceans  remains  to  be  investigated.  Therefore 
current  measurements  in  the  Atlantic  at  depths  of  800-4000  m.  are  a  preesiiig 
detdderatum  in  oceanography. 

8.  As  the  accumulation  of  polar  ice  varies  with  the  season,  and  is  influenced 
by  terrestrial  (meteorological)  as  well  as  cosmical  i^nomena  (radiation,  &c),  it 
is  evident  that  the  current  sjstem  set  in  action  by  the  cj^cle  of  latent  heat  moat 
show  periodical  variations  with  the  seasons  and  also  periodical  or  non-periodical 
variations  of  longer  duration.  Are  there  any  indications  of  such  variations  in  the 
movement  of  the  undermost  layers  of  the  sea  r  The  author's  experience  is  that  there 
are  such  indications,  and  this  discovery  has  led  him  to  propound  the  present  theory. 

9.  The  Antarctic  Ocean  presents  the  grandest  example  of  ice-melting  and  of 
variations  in  ice- melting.  It  must  be  borne  in  mind  that  the  energy  liberated  by 
ice-melting  in  the  ocean  is  proportional  to  the  depth  of  the  submerged  part  of  the 
ice.  From  an  iceberg  500  m.  in  depth  the  melting  of  one  kilogram  of  ice  will 
produce  an  amount  of  work  equal  to  7  kilogramnnetres.  Great  '  outbuiste '  of 
icebergs  from  the  Antarctic  are  known  to  happen  from  time  to  time  (Russell). 
Such  outbursts,  which  carry  icebergs  down  to  low  latitudes  in  the  Indiui  Ocean, 
may  exercise  influence  upon  the  climate  of  India,  Australia,  &c.,  as  thereby  part  of 
the  warm  area  of  the  ocean  from  which  the  water  evaporates,  which  ultimately 
falls  as  monsoon  rain  upon  the  coasts  of  these  countries,  may  be  encroached  upon 
by  cold  polar  water.  It  is  a  matter  worth  notice  that  the  last  g^reat  *  outburst ' 
from  the  Antarctic  and  the  last  great  droiights  of  India  fall  within  the  same 
period  of  years  (1891-1898).  By  means  of  regular  surface  observations  on  board 
of  liners  crossing  the  Indian  Ocean  and  a  few  series  of  deep  soundings  along  the 
60th  and  100th  meridians  such  yearly  variations  in  the  hydrographic  state  of  the 
Indian  Ocean  as  can  be  of  meteorological  interest  might  be  ascertsdned. 

In  order  to  put  the  theory  of  the  influence  of  ice-melting  to  a  test  the  author 
has  carried  out  a  series  of  experiments  so  arranged  as  to  correspond  as  nearly  as 
possible  to  the  natural  conditions  of  the  Norwegian  Sea,  and  has  compared  the 
results  with  the  actual  results  of  the  Norwegian  and  Swedish  hydrographic  research 
in  this  part  of  the  ocean  in  1900.  A  description  of  the  last  experiment  of  the 
series,  carried  out  by  Mr.  J.  W.  Sandstrom,  assisted  by  Miss  A.  Palmquist,  is 
given  in  the  next  paper. 

*  It  is  evident  that  in  the  course  of  oceanic  circulation  there  must  be  a  transition 
of  Atlantic  water  into  Arctic  water,  and  vice  versa.  The  first-named  metamorphosis 
is  effected  by  the  ice-melting  process. 
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2.  An  Experiment  on  the  Melting  of  Ice  in  Salt  Water, 
By  J.  W.  Sandstr6m. 

At  the  request  of  Professor  Pettersson  the  author  repeated  one  of  the  ice- 
meltine  expenments  mentioned  in  the  preceding  paper  on  a  larger  scale  in  the 
Central  Laboratory  for  Oceanic  Research  at  Christiania,  Professor  Nansen  kindly 
placing  at  his  disposal  the  large  tank,  3*5  metres  in  length  b^  0*4  metre  in  height 
and  0*7  metre  broad,  which  had  served  in  his  own  investigations.  This  tank  was 
tilled  to  a  depth  of  86  cm.  with  salt  water  at  7^0.  and  30  per  cent,  salinity. 
The  tank  was  divided  into  two  compartments  by  a  partition  30  cm.  high.  Above 
this  wall  there  was  free  communication  between  the  water  in  the  two  com- 
partments. 

In  the  right  compartm^it  (which  represents  the  Norwegian  Sea)  a  rectangular 
ice  block  50  Kilogrammes  in  weight  was  introduced.  While  melting  it  assumed 
a  very  peculiar  shape. 

In  the  left  compartment  (Atlantic)  an  extra  current  was  set  going,  (Murrying 
twelve  litres  per  hour  of  water  of  the  same  salinity  and  temperature  in  and  out 
of  the  vessel  at  a  constant  level.  The  movement  of  the  water  in  the  other 
compartment  was  studied  by  means  of  fine  jets  of  KaMnO^  solution  which  were 
made  to  ascend  from  capillary  tubes  at  the  bottom.  The  deflection  from  the 
vertical  of  these  jets  was  measured  every  ten  minutes.  Thus  a  good  estimate  of 
the  velocity  at  different  levels  was  obtained. 

Before  the  introduction  of  the  ice  block  in  the  right  compartment  the  jetti 
indicated  an  almost  entire  absence  of  movement  of  the  waters  of  this  compartment, 
although  the  extra  current  was  circulating  constantly  in  the  other  (Atlantic). 
With  the  introduction  of  the  ice  the  conditions  changed.  Three  ditferent  currents 
could  be  discerned  to  the  right  of  the  partition  wall,  which  represented  the  Faroe- 
Shetland  or  Faroe-Iceland  ridge.  From  the  left  (Atlantic)  an  under-current  was 
attracted  towards  the  under-side  of  the  ice,  where  it  reached  its  maximum 
velocity  of  0*23  cm.  per  second.  From  the  farthermost  side  of  the  ice  block,  where 
the  under-current  impinged,  cold  diluted  water  arose  to  the  surface  and  formed  an 
outgoing  'polar'  current  the  maximum  velocity  of  which  was  found  to  be 
0*03  cm.  per  sec.  From  the  ice,  cold  and  dense  water  descended  to  the  bottom, 
where  it  formed  a  powerful  outgoing  current  with  a  maximum  velocity  of  0*14  cm. 
per  sec.  The  bottom  current  had  an  upward  tendency  near  the  partition  wall, 
over  which  it  flowed  into  the  Atlantic  compartment.  All  measurements  were 
made  after  the  conditions  had  become  established,  which  was  found  to  be  the  case 
after  two  hours.  The  volume  of  water  carried  by  the  under-current  towards  the 
ice  was  about  twenty-seven  times  the  volume  carried  by  the  returning  bottom 
current,  and  about  twelve  times  greater  than  that  of  the  surface  current.^ 

By  observation  of  the  motion  of  small  particles  of  insoluble  matter  held  in 
suspension  by  the  water  the  current  lines  in  the  middle  vertical  section  of  the 
tank  were  constructed. 

Accurate  observations  of  salinity  and  temperature  at  all  depths  were  made  by 
the  chemist  of  the  Swedish  Hydrographical-Biological  Commission  (Miss  Palm* 
quist)  and  the  density  in  situ  of  the  water  computed  from  Rnudsen's  tables. 
From  these  data  the  accelerating  forces  of  the  circulation  were  calculated  according 
to  V.  Bjerknes,  '  Ueber  einen  hydrodynamischen  Fundamentalsatz  imd  seine 
Anwendung  besonders  auf  die  Mechanik  der  Atmosphare  und  des  Weltmeeres.' ' 
The  result  was  to  show  that  the  accelerating  forces  counteracted  the  circulation 
in  the  part  of  the  right  compartment  most  remote  from  the  ice,  while  they  aided 
the  circulation  in  the  neighbourhood  of  the  ice.  The  aiding  forces  (-0*57  cg.s. 
solenoids),  however,  exceeded  those  coimteracting  (  =  0*18  c.g.s.  solenoids),  the 
difllerence  ( <■  0*39  c.g.s.  solenoids)  being  the  resultant  of  two  acting  forces. 

*  This  is  according  to  measurements  taken  in  the  central  longitudinal  section  of 
the  tank.  At  the  sides  the  motion  is  more  retarded  by  friction,  which  accounts  for 
the  fact  that  the  volume  of  the  Ingoing  and  outflowing  wat^r  was  not  found  to  be 
equal  «  JT.  D.  V,  Akt.  Bandl.  Bd.  31,  1898. 
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The  same  remarkable  distribution  of  forces  is  foand  to  exist  in  tbe  «».  li 
the  lonKitudinal  section  of  the  Norwegian  Sea  for  July  and  August  1900, cfr 
fltructed  by  Professor  Pettersson,  there  are  10,050  c^^.  solenoids  betweffik 
77°  and  70°  in  aid  of  the  circulation  and  3025  cg^  solenoids  cositieiE- 
ing  this  circulation  between  lat.  70°  and  64°.  The  accelerating  fiwe  wfe 
maintains  the  oceanic  circulation  in  this  section  of  the  Norwe^n  Sea  ikm  s 
equal  to  7025  c.g.s.  solenoids.  The  seat  of  these  forces  is  the  immediate  bb^ 
bourhood  of  the  ice. 

Putting  aside  the  influence  of  the  earth's  rotation  and  of  friction,  we  fifiil^ 
this  set  ot  forces  is  sufficient  to  increase  the  velocity  of  the  water  by  Ud 
per  sec.  in  one  week. 

3.  Report  of  the  Committee  on  Terrestrial  SurfoLce  Wav&. 
See  Reports,  p.  312. 


4.  The  British  Antarctic  Expedition.     By  Lieut.  E.  Shackletof. 


5.  Explorations  and  Economic  Conditions  in  Western  China. 
By  Lieut. -Col.  C.  C.  Manifold. 

The  paper  embraced  an  account  of  two  journeys  to  the  regions  of  the  Ujr 
Yang-tse  immediately  before  and  after  the  Boxer  outbreak.  The  fii«t  joic^v 
in  1900,  lasted  for  seven  months  and  ranged  from  Burma  to  Tibetan  ternt<By» 
across  China  to  Shanghai ;  and  the  second,  made  in  1001-2,  lasted  for  zy 
months  and  took  the  author  from  Peking  almost  back  to  the  confines  oi  Bcsi 
The  distance  covered  was  nearly  6,000  miles  of  land  travel  on  foot  and  3^ 
miles  on  inland  waterways.  The  starting-point  of  the  first  journey  was  Haf 
our  frontier  garrison  town  on  the  borders  of  Burma  and  China,  likewise » 
starting-point  of  large  trains  of  coolies  and  mules  carrying  Indian  yam  into  Qua- 
A  start  was  made  just  at  the  time  of  the  Chinese  new  year,  and  on  the  lecei 
day  Chinese  territory  was  entered.  The  road  token  was  a  well-known  tit 
route  to  Teng-yueb,  the  nearest  large  trading  centre  in  Yun-nau,  a  towniJS« 
commonly  known  by  the  name  of  Momein.  It  has  been  proposed  to  ooiof^ 
Bhamo  and  Teng-yueh  by  railway,  and  though  it  would  not  be  fea^ble  to  ar? 
the  line  any  further,  a  distance  of  only  130  miles,  even  this  sort  of  line  -^ 
Ijiy  its  way  and  increase  our  trade  and  iniiuencein  Yun-nan.  After  touchii^i^ 
Yang-tse  above  its  great  bend,  the  author  went  north-west  to  join  Captains  W^ 
and  Kvder,  who  had  started  in  December  1899,  by  routes  which  touched  on* 
line  the  proposed  railway  from  Burma  to  the  Yang^tse  Valley  would  h»« 
followed.  The  advantages  which  would  accrue  from  such  a  railway,  if  it  coei 
be  constructed  at  reasonable  cost,  are  undoubted,  but  great  natural  difficnlte 
exist  from  the  formation  of  the  country,  and  the  cost  would  be  enormous.  B* 
project,  however,  must  not  be  subjected  to  sweeping  condemnation.  YuD-ntDrFSi 
the  capital  of  the  sparsely  populate<l  and  at  present  poor  province  of  Yan-B»Dji* 
the  halfway  house  to  the  rich  regions  of  the  Upper  Yang-tae.  A  French  comptDj 
has  obtained  a  concession  for  a  railway  from  the  frontier  in  Tonkingtoi^ 
nan-Fu,  and  they  hope  in  time  to  carry  it  to  the  Upper  Yang-tse  and  so  dirffi 
the  trade  to  their  own  port  of  Hanoi.  The  construction  of  the  line  has  «li««5 
been  started  under  the  guarantee  of  the  French  Government.  The  countnr  <s 
Yun-nan  is  mountainous  and  sparsely  populated,  but  very  rich  in  minerals.  AAtf 
meeting  with  great  difficulties  in  crossing  the  higher  passes,  some  of  whkji 
reached  an  altitude  of  13,000  feet  or  14,000  feet,  and  were  badly  blocked  wiu 
snow,  the  party  reached  the  rendezvous  on  April  6,  at  a  point  where  the  '^^f^. 
frontier  of  the  province  of  Sechuan  and  British  India  at  the  eastern  frontier  oJ 
Assam  are  separated  by  a  distance  of  little  more  than  260  miles.  Retctii? 
Ta-Chien-lu,  the  travellers  foimd  telegrams  warning  them  of  the  disturbsncfe- 
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rhey,  however,  determined  to  push  on  and  try  to  effect  an  exit  by  the  Yang-tee 
ttiver.     From  Ta-Chlen-lu,  they  followed  the  great  tea  road  between  Tibet  and 
Ohina,  so  called  because  of  the  great  traffic  in  tea  carried  between  Lhasa  and  Ya* 
cliou.     The  lecturer  pointed  out  that  if  free  commercial  relations  could  be  esta- 
blished with  Tibet  there  was  no  doubt  that  the  better  and  cheaper  Indian  tea  would 
capture  this  market.   From  Ya-chou  the  route  taken  was  by  raft  down  a  tributary 
of  the  Yang-tse,  then  through  the  Yang-tse  gorges  to  Icbang,  and  then  by  steamer, 
900  miles,  to  Shanghai.    Proceeding  thence  to  Tien-tsin,  Uie  party  were  just  in 
time  to  join  the  Peking  relief  expedition.    On  September  20,  1901,  the  author 
started  again  on  a  journey  of  some  thousands  of  miles  across  Central  to  Western 
Ohina.     Captain  Hunter,'  R.E.,  was  his  fellow-traveller,  and  each  was  accom- 
panied by  a  surveyor  and  three  Gurkhas.    From  Peking  they  travelled  ninety 
xniles  hy  the  French-Belgian  controlled  line,  which  is  projected  to  run  to  the 
Yang-tse  Valley  at  Han-kau,  and  is  likely  to  have  a  great  effect  on  the  develop- 
ment and  history  of  China,  as  it  traverses  some  of  the  most  populous  and  fertile 
districts  of  the  empire.  Trains  were  then  running  from  Peking  for  160  miles,  and 
from  Han-kau  for  200  miles  along  the  southern  section.    At  Han-kau  the  line  is 
connected  with  one  from  Canton  in  course  of  construction  from  materials  being 
supplied  by  French,  Belgian,  and  American  firms.    The  author's  party  marched 
to  Cheng-ting-Fu,  fifty  miles  further,  where  eTidence  of  foreign  railway  enter- 
prise was  again  found.    Many  bridges  would  have  to  be  constructed,  the  largest 
across  the  Yellow  River  itself  at   lung-tse.    There  it  was  satisfactory  to  find 
evidence  of  British  energy  in  a  railway  700  miles  distant  from  a  seaport;  but  on 
crossing  the  Yellow  River  and  reaching  the  city  of  £ai-feng-Fu,  they  found 
evidence  of  Continental  enterprise,  especially  German.    The  Paper  then  gave  a 
description  of  the  province  of  Snchuan,  with  its  45,000,000  inhabitants  and 
immense  industries,  and  of  the  Red  Ri^er  Basin,  with  an  area  of  nearly  80,000 
square  miles,  and  a  population  of  over  40,000,000,  the  densest  agricultural  popula- 
tion in  the  world.    Every  foot  of  soil  is  under  crops,  including  rice,  wheat,  millet, 
peas  and  beans,  sugar-cane,  and  every  sort  of  vegetable.    In  many  places  are 
brine  wells,  2,000  feet  deep,  salt  being  a  very  v^uable  product  in  China.    In 
other  parts  rich  iron  ore,  copper,  and  quicksilver,  and  also  gold,  are  found  in  great 
quantities.    The  author  concluded  by  insisting  on  the  importance  of  stimulating 
British  enterprise  in  Central  and  Western  China,  pointing  out  what  railways  had 
done  for  British  India,  and  expressing  the  opinion  that  far  more  might  be  expected 
from  them  in  China,  which  had  much  greater  resources  and  undeveloped  wealth. 
China,  too,  possessed  400,000,000  of  willing  customers,  whose  industry,  intelli- 
gence, and  civilisation  give  them  a  high  standard  of  comifort. 


6.  The  Afforestation  of  Waterworks  Catchment  Areas, 
By  Joseph  Parry,  MJnsLC.E} 

The  author  described  the  causes  that  led  to  the  neglect  of  forestry  in  this 
country  and  the  pressing  importance  of  the  subject  in  view  of  the  falling  off  in 
and  increasing  cost  of  foreign  and  colonial  supplies,  which  have  hitherto  made  up 
the  deficiencies  of  home  produce.  The  total  imports  of  timber  per  annum  amount 
to  10,104,504  tons,  valued  at  26,676,988/.,  and  the  quantity  of  home-grown  timber 
used  in  Great  Britain  and  Ireland  is  estimated  at  2,000,000  tons,  being  equal  to 
about  one<sixth  the  total  consumption. 

The  Departmental  Committee  appointed  last  vear  by  the  Board  of  Agriculture 
made  a  recommendation — *  That  the  attention  of  corporations  and  municipalities 
be  drawn  to  the  desirability  of  planting  with  trees  the  catchment  areas  of  their 
water  supply.' 

The  author  estimated  the  total  area  of  these  catchment  areas  to  be  about 
£76,000  acres,  of  which  at  least  102,616  acres  had  been  bought  and  were  now 

*  The  fall  paper  will  appear  in  the  Trmwvtions  qf  the  Royal  Scottish  Arboric%i^ 
twoX  Society  i 
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owned  by  the  corporations.  These  lands  are  mostly  in  upland,  thinly  pofdited 
parts  of  the  country,  and  excellently  adapted  for  growing  timber.  The  aavant^ 
of  planting  would  be  the  preservation  of  the  hill  sides,  the  preaenration  dlk 
purity  of  the  water,  and  an  increase  in  the  total  yield.  At  the  same  time  it  vb 
claimed  that  afforestation  conducted  systematically  and  on  scientific  prise^-s 
would  be  the  most  profitable  use  to  which  the  lands  could  generaUy  be  appbed. 
Stress  was  laid  on  the  difference  between  planting  for  profit  and  omamatil 
planting,  and  the  importance  of  working  plans  prepared  by  qualified  expertg  iv 


Particulars  were  given  of  the  work  done  by  the  Liverpool  Ck>rporation  on  tk 
watershed  of  Lake  Vyrnwy,  in  Montgomeryshire. 

The  existing  plantations  around  Lake  Vyrnwy,  old  and  ne-ve,  cover  606  law. 
-and  the  total  area  of  the  watershed  is  18,500  acres.  Three  nurseries  have  bea 
established  to  enable  planting  to  be  carried  on  more  rapidly  in  the  future.  Netrir 
200,000  yobng  trees  now  in  the  nurseries  are  to  be  planted  out  next  season,  asd 
operations  have  already  been  commenced  on  that  scale.  The  number  of  joa^f 
trees  required  per  acre  is  2,700.  The  workmen  employed  in  the  woods  raedeof 
the  watershed,  and  if  they  are  engaged  in  operations  near  the  head  of  the  Iih. 
which  is  nearly  five  miles  long,  they  are  carried  in  an  oil  launch.  A  sawmill  &r 
converting  the  timber  into  marketable  sizes  is  now  driven  by  steam  power,  Int 
electric  machinery  driven  by  water  power  is  being  erected. 

In  the  United  States  of  America  the  importance  of  this  subject  is  being  reeop- 
nised,  and  planting  operations  on  a  very  extensive  scale  have  been  commoieed 
both  on  waterworks  catchment  areas  and  in  old  forests  which  have  been  destroyed 
by  fire  and  by  the  ravages  of  the  lumbermen  and  farmers.  These  operations  ik 
under  the  direction  of  the  Bureau  of  Forestry. 


MONDA  r,  SEPTEMBER  14. 
The  following  Papers  were  read : — 

1.  Notes  and  Suggestions  on  Geographical  Surveying  suited  to  present 
requirements,^     By  E.  A.  Reeves,  F,B,A.S, 

The  paper  points  out  in  the  first  place  that  the  advance  of  geoirrapbiol 
exploration  and  discovery  during  recent  years  has  been  so  rapid  that  thei^  «r 
now  few  parts  of  the  earth's  surface  of  which  we  have  no  knowledge  whateva. 
although  of  many  regions  the  best  maps  we  possess  are  still  extremely  rough  aad 
inaccurate.  The  time  has  now  come  for  replacing  these  approximate  route  mtp! 
of  the  pioneer  explorers  by  more  accurate  surveys  based  upon  scientific  princi[^ 
without  attempting  the  extreme  accuracy  of  a  large  trigonometrical  surrey,  ks 
which,  in  many  parts,  we  must  necessarily  wait  for  a  long  time  yet. 

It  then  briefly  indicates  the  best  methods  of  geograph^l  surveying  that  migkt 
be  followed,  guided  to  a  great  extent  by  the  course  of  instruction  in  geographical 
surveying  arranged  by  the  Eoyal  Geographical  Society. 

After  preliminary  remarks  as  to  the  necessity  of  ascertaining  what  has  abet^ 
been  done  in  the  region  to  be  visited,  and  as  to  whether  any  points  have  bees 
definitely  fixed  which  could  be  used  as  a  basis  for  the  survey,  the  autiior  deecribei 
the  best  forms  of  the  more  important  instruments  required — the  transit  theodolite, 
plane-table,  half  chronometer  watch,  sextant  and  artificial  horizon,  banmieter,  £e. 
He  then  deals  with  the  question  of  the  most  suitable  scale  and  projectioii  kt 
plane-table  work  in  the  field,  and  in  connection  with  the  delineation  of  physica] 
features  on  the  map  calls  attention  to  the  necessity  of  generalising  and  interpvt- 
ing  the  leading  characteristics  of  the  physical  features  of  a  countiy,  {or  rack 
some  previous  training,  not  only  in  map  drawing,  but  also  in  physical  geogn^y 

*  Printed  in  ext&nso  in  the  Oeographieal  Jourtial^  January  1904. 
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Hid  the  outlines  of  geomorphology,  is  a  great  assistance.  Two  methods  of  survej- 
ng  are  then  deecril^  in  outline,  viz.  (1)  the  extension  of  the  triangulation  by 
Jieodolite  angles  and  the  fixing  of  fresh  points  from  those  whose  positions  have 
)een  previously  determined,  or  by  latituoes  and  azimuths,  detail  being  filled  in 
jnth  tne  plane-table  ;  and  (2)  that  in  which  no  previously  fixed  points  are  avail- 
ible,  and  the  surveyor  has  to  determine  the  latitude  and  longitude  of  his  stations 
rom  astronomical  observations.  The  former  should  always  be  adopted  where 
practicable.  The  most  reliable  methods,  suitable  for  an  ordinipT  geographical 
lurveyor,  by  which  the  latter  can  be  accomplished,  are  described,  first  as  regards 
;he  fixing  of  latitude,  and  then  of  longitude.  In  connection  with  the  fixing  of 
ongitude  it  is  pointed  out  that  it  has  been  found  practically  impossible  for  & 
traveller  to  carry  a  watch  or  chronometer  that  can  keep  its  rate  sufficiently  well 
for  the  determining  of  longitude  with  the  accuracy  that  is  now  required,  and 
recommends,  where  it  is  impossible  to  obtain  Greenwich  time  without  relying 
mplicitly  upon  a  watch — such  as  bv  telegraph  or  reference  to  some  place  of  which 
;he  exact  longitude  is  known — that  differences  of  longitude  only  should  be 
kttempted,  either  by  latitudes  and  azimuths  or  by  using  the  watch  for  the 
meridian  distance  method.  As  regards  the  so-cfuled  'absolute  methods'  of 
obtaining  longitude,  that  by  occultations  of  fixed  stars  is  to  be  preferred.  A  few 
remarks  follow  on  photographic  surveying,  and  the  necessity  of  the  surveyor  being 
ible  to  draw  his  own  map  instead  of  merely  furnishing  the  draughtsman  at  home 
9vith  a  rough  and  to  a  great  extent  unintelligible  sketch,  which  is  often  the  case. 

In  concluaon  the  author  lays  stress  on  the  importance  of  travellers  obtaining 
proper  training  in  geographical  surveying  before  starting  on  their  journeys.  He 
ifterwards  mentions  that  he  has  brought  with  him  for  inspection  specimens  of 
'ecent  surveys  of  travellers,  including  a  sample  of  the  work  done  by  one  of  his 
pupils  for  his  examination  for  the  Royal  Geographical  Society's  diploma.  He 
iLso  exhibits  a  new  form  of  clamp  and  tangent  screw  for  sextant  and  other  angular 
measuring  instruments. 

2.  On  Map  Prqjectiona  suited  to  general  purposes.     By  G.  J.  Morrison. 


3.  Henricus  Glareanus  (Sixteenth-century  Geographer)  and  his  recently 
discovered  Maps.^     By  Edward  Heawood,  M,A, 

Heinrich  Loriti,  one  of  the  most  celebrated  of  the  'humanists'  of  the  sixteenth 
century,  better  known  by  his  territorial  designation,  Glareanus,  was  bom  in  1488, 
%t  Mollis,  near  Glarus  in  Switzerland.  His  title  to  fame  rests  principally  on 
[lis  many-sided  contributions  to  knowledge  in  the  field  of  literature,  philology, 
mathematics,  music,  &c. ;  but  he  is  known  also  as  the  writer  of  a  work  on  geo- 
jr^phy  which  passed  through  many  editions  from  1627  onwards.  In  this  he 
described,  for  the  first  time,  so  far  as  is  known,  a  convenient  method  of  constructing 
^ores  for  a  globe,  which  was  much  used  in  his  time,  though  as  examples  of  such 
2^res  are  known  from  considerably  earlier  than  1627,  some  doubt  has  been 
expressed  whether  he  was  the  actual  inventor  of  the  method.  Coloured  manuscript 
maps  from  his  hand  haye  within  recent  years  been  discovered  in  copies  of  printed 
works  at  the  libraries  of  Munich  and  Bonn  Universities,  and  have  attracted  some 
utt^ntion  from  the  fact  that  they  were,  according  to  their  author's  statement, 
based  upon  the  long-lost  map  of  Martin  Wsldseemiiller,  which  has  itself  been 
iiscovered  since.  Chie  of  the  maps  was  also  interesting  as  the  earliest  known 
representation  of  a  hemisphere  on  an  equidistant  polar  projection. 

At  the  time  of  the  Elizabethan  Exhibition,  orgamsed  by  the  R.G.S.  early  in 
1903,  a  volume  of  early  MSS.  was  sent  in  which  at  once  attracted  attention 
Prom  the  fact  that  the  first  item,  though  without  a  contemporary  statement  of  the 
author's  name,  was  stated  in  a  note  by  a  former  owner  to  be  by  Henricus  Glarea- 
nus.    Further  inspection  showed  that  the  handwriting  was  identical  with  that 

*  Will  be  printed  in  oatentp  in  the  Geograpkioal  JownuU, 
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on  the  mtrgins  of  the  Bonn  maps,  and  that  the  MS.  was  that  of  the  treatise  ci 
f^feography  puhlished  in  1527,  hut  that  it  included  a  fine  coloured  set  of  i^ 
lished  maps,  closely  resemhling  those  at  Bonn  and  Munich,  but  more  in  nombG 
and  somewhat  more  carefully  executed.  Particularly  interesting  was  the  faettLii 
a  pair  of  the  maps  were  evidently  copies  of  the  famous  map  of  Johan  Rqts^ 
issued  with  the  Home  Ptolemy  of  1508,  while  both  the  northern  and  scnikm 
hemispheres  were  shown  on  an  equal  scale  on  the  equidistjmt  projection,  tk 
southern  having  been  given  on  a  much  reduced  scale,  and  with  the  contioaiaJ 
outlines  reversed,  in  the  Bonn  copy.  Examination  showed  that  the  MSw  w 
the  original  MS.  of  this  work  (many  alterations  and  marginal  additions  m»h 
ou  it  having  been  incorporated  in  the  printed  edition),  but  not  the  copy  irm 
which  the  printer  had  worked,  as  further  corrections  and  additions  appear  ia  tb<j 
printed  volume.  From  the  great  resemblance  of  the  maps  to  thoae  at  Bono,  vkia 
were  made  in  1510,  and  the  fact  that  Glareanus  was  in  correspondence  witk  r^ 
Swiss  reformer,  Zwingli,  on  the  subject  of  geographical  studies  in  the  same  Tei:, 
it  seemed  probable  that  the  treatise  was  first  written  considerably  before  1527,  td 
this  idea  is  supported  by  the  nature  of  the  additions  made  in  tbe  printed  vi^l 
which  include  references  to  the  *  eruditus  rex  *  Ilenry  VIII.  of  England  (whas 
reputation  for  learning  would  have  reached  Glareanus  at  an  early  date,  thro^ 
tbe  latter's  correspondence  with  Erasmus),  and  to  bis  residence  as  profe»M)r  at  Ptn^. 
which  came  to  an  end  in  1521.  In  this  case  the  exisrence  of  gores  drawn  »te 
his  method  in  about  1515  would  be  explained,  while  in  various  ways  the  diia  (t 
Glareanus  to  originality  as  a  geographer  would  be  heightened,  his  work  beiog  e-f- 
prior  to  the  well-known  treatise  of  Apianus,  which  first  appeared  in  1624.  Itntj 
oe  noted  that  one  of  the  editions  of  the  smaller  Ck»smography,  generally  Attn- 
buted  to  Apianus,  incorporates  bodily  one  of  the  chapters  of  Glareanus's  work. 

The  history  of  the  MS.  is  of  interest,  as  its  private  ownership  can  be  tricK 
back  some  300  years  to  a  member  of  the  important  Swiss  family  of  Ott,  from  ^hci 
the  present  owner,  Maior-General  E.  Kenouard  James,  is  descended  in  the  toilc 
line  through  that  of  Kenouard.  Among  the  other  documents  contained  in  tb 
volume  is  a  letter  from  Erasmus  to  Glareanus,  written  in  1516,  but  this  throws  k 
light  on  the  subject  of  the  geographical  work  of  the  latter.  Some  or  all  of  tk 
maps  may  possibly  be  reproduced  in  coloured  facsimile  by  the  R.G.S.  if  sa&c^ 
subscribers  appear  likely  to  come  forward. 


4.  The  RemdU  of  the  Expedition  to  Sokotra  and  Ahd-eUKuri  by  Mr,  W.  0 
Grcmt  and  Dr,  H.  0,  Forbes.    By  H.  O.  Forbes,  LL,D. 

At  the  meeting  of  the  Association  at  Bristol  in  1898  a  committee,  consistii^ 
of  Dr.  Scott  Keltie,  Dr.  Blanford,  Professor  "Weldon,  and  the  author,  ** 
appointed  to  further  an  expedition  then  projected  by  Mr.  W.  O.  Grant  (of  tk 
British  Museum)  and  the  author,  for  tbe  exploration  of  the  islands  of  Sokom 
and  Abd-el-Kuri,  situated  in  the  Gulf '  of  Aden,  and  a  sum  of  money  wis  pW 
at  their  disposal  in  aid  of  the  project.  The  Councils  of  the  Royal  Society  vi 
the  Koyal  Geographical  Society  also  generously  assisted  the  expedition  hj  gnat' 
of  money  and  instruments,  while  the  Museums  Committee  of  the  lirer^ 
Corporation  gave  substantial  aid  in  money  and  bv  allowing  the  chief  taxidermist 
of  the  Museum  to  accompany  the  expedition.  The  Museums  Committee  uinkf- 
took  in  addition  the  publication  of  the  results  in  a  special  volume  of  the '  Bulks 
of  the  Museums,'  the  quarterly  periodical  of  these  institutions.  The  expediticc 
left  England  in  October  1898  and  returned  in  March  1899.  A  prehiniDai^ 
report  was  presented  to  this  Assoriation  at  the  Dover  meeting.  Since  tlien  tk 
results  of  the  expedition  have  been  worked  out  and  a  volume  containing  ^ 
pages,  thirty-four  coloured  plates,  and  eighty-eight  illustrations  in  the  text  v>^ 
placed  on  the  table.  As  editor  of  it  the  author  had  the  good  fortune  to  hKn 
the  co-operation  of  twenlr  distingiiished  specialists  (in  addition  to  the  coa* 
tributions  by  Mr.  Grant  and  himseli;  in  workmg  out  the  collections.  Vne  chjKis 
of  the  expedition  were  biological  (mainly)  and  geographicaL     Hie  yfsA&w  ^ 

Digitized  by  CjOOQIC 


TRANSACTIONS  OF  SECTION  E.  721 

ssued  is  practically  a  zooloncal  monograph  of  the  islands.  A  large  numher  of 
lane-table  and  theodolite  ooservations  were  made,  and  many  anthropological 
lata  collected.  A  large  scale-map  was  in  process  of  construction  from  the  plane- 
able  sheets  when  these  and  the  instruments  which  were  being  employed  in  the 
?ork  were  purloined  during  repairs  to  the  author's  house  by  some  unknown 
vorkman.  Their  loss  was  not  detected  for  some  weeks,  but  since  then  eyer^ 
iffurt  has  been  made — not  yet  hopelessly — to  recover  them ;  in  the  meantime  it  la 
rapossible  to  proceed  further  with  the  construction  of  the  map.  As  the  inclusion 
»f  the  historical  and  anthropological  data  would  have  rendered  the  volume  too 
>ulky,  they  have  been  reserved  for  publication  elsewhere. 

No  new  mammals  were  obtained  by  the  expedition,  but  specimens  of  the 
nteresting  wild  ass,  which  proves  to  be  the  Nubian  and  not  the  Somaliland 
species,  were  obtained.  The  domestic  cattle,  a  very  beautiful  diminutive  breed, 
vould  seem  to  be  here  a  long-isolated  colony  of  the  Bos  hnff\frons,  introduced 
>robably  from  Egypt  before  the  Ohristian  era.  Sixtjr-eight  species  of  birds  are 
iow  known  from  Sokotra,  of  which  the  expedition  added  ten  species,  four  of  them 
lew  to  science  and  six  not  previously  known  to  live  there.  jProm  Abd-el-Kuri, 
rom  which  no  collections  had  previously  been  brought,  twenty-two  species,  three 
>f  them  new  to  science,  have  been  recorded.  Of  reptiles,  Mr.  Boulenger  has 
sniunerated  twenty-eight  species,  of  which  seven  are  new.  Mr.  £.  A.  Smith 
las  described  sixteen  new  species  of  MoUuaca,  and  Mr.  Pocock  eighteen  of 
spiders  and  scorpions.  Six  species  of  Crustacea  are  reckoned  as  new  by  Mr.  A.  0. 
Walker  in  quite  a  small  shore-collection  from  Abd-el-Kuri.  Among  the  Insecta 
L  large  number  have  proved  to  be  new  endemic  species.  Mr.  Kirby  nas  described 
;  wen^-seven  among  the  Hymenoptera,  Mr.  Qahan  twenty  Goleoptera ;  Mr^  Grant, 
LfOrd  Walsingham,  and  Sir  George  Hampson  have  enumerated  twenty-seven  Lepi- 
loptera,  Miss  Ricardo  twelve  Diptera,  Mr.  Maclachlan  three  Nemoptera,  and 
Mr.  Burr  six  Orthoptera.  Mr.  Pocock  has  described  five  new  Myriapoda. 
Professor  I.  Bayley  Balfour  undertook  the  examination  of  the  botanical  speci- 
nens,  which  consisted  of  living  plants,  bulbs,  tubers,  seeds,  and  Herbarium. 
Little  new  was  to  be  expected  among  these  after  the  thorough  manner  he  had 
limself  investigated  the  island ;  but  ne  has  found  they  include  four  species  new 
o  science,  and  six,  otherwise  known,  new  to  the  flora.  The  whole  of  the  plants 
rom  Abd.-el-Kuri — seventy-eight  in  number — are  recorded  here  for  the  first  time, 
ind  of  these  three  are  new  to  science,  and  all  but  six  occur  on  Sokotra. 

The  geology,  as  illustrated  by  the  specimens  collected  by  the  expedition  in 
hese  two  islands,  has  been  described  by  Professor  Gregory. 

In  all,  over  150  species  have  been  added  to  the  roolocry  of  the  islands. 

In  conclusion,  the  institutions  concerned  in  the  expedition  desire  to  express 
heir  warmest  thanks  to  the  Council  of  the  British  Association  as  well  as  to  the 
loyal  Society  and  the  Royal  Geographical  Society  for  the  assistance  and 
iiicouragement  they  gave  to  the  expedition. 


5.  On  tJie  Origin  of  Adam' 8  Bridge.     By  J.  Lomas,  A.R.C.S.y  F.G.S 

Stretching  across  from  the  north  part  of  Ceylon  to  the  south-east  coast  of  India 
ies  a  remarkable  chain  of  low-lying  islands  and  shallow  banks  known  as  Adam's 
3ridge.  Elameswaram  Island  K>rms  the  most  westerly  link  of  the  chain  and  is 
)nly  separated  from  Tonitoray  Spit  (India)  by  Pambam  Straits,  a  shallow  natural 
>pening  which  has  been  deepened  in  parts  by  man.  Manaar  Island,  at  the  extreme 
^ast  of  the  bridge,  lies  close  to  the  north-west  coast  of  Ceylon.  Between  these  a 
lumber  of  smaller  islands  complete  the  chain.  North  of  Adam's  Bridge  extends 
Palk  Bay,  a  shallow  mud-floored  almost  currentless  sea,  and  to  the  south  the  Gulf 
>f  Manaar  stretches  as  a  low  platform,  deepening  fairly  evenly  to  the  south  at  about 
be  rate  of  one  fathom  in  two  miles  to  twenty  fathoms,  after  which  it  sinks  more 
•apidly  to  ^eat  depths.  The  platform  consists  of  sands,  which  in  places  have  been 
;emented  in  situ  into  calcareous  sandstones  or  calcretes  chiefly  by  the  agency 
>f  Polyzoa  and  Nullipores.    Theee  masses  of  solid  rock,  known  as  *  paard,'  are 
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sometimee  accompanied  by  coral  reefii  in  all  stages  of  decay,  from  the  liriiig  bm 
to  almost  structureless  limestone. 

In  places  along  the  west  coast  of  Ceylon  spits  of  sand  stretch  aciwB  tite  pk- 
form  mainly  near  the  mouths  of  rivers.  They  result  from  the  detritoe  hm^ 
down  by  rivers,  and  their  general  trend  to  the  north-we«t  may  be  due  to  the  coa^ 
bined  flow  of  the  streams  and  the  prevailing  inshore  currents  on  the  IndiiB  sk 
and  in  Palk  Bay  rivers  form  similar  spits  of  sand  which  extend  towards  the  oor^ 
east.  The  coasts  of  India  and  Ceylon  are  swept  by  strong  marine  currents  nmniE? 
up  or  down  the  coast  according  to  the  monsoons,  but  owing  to  the  longer  dnntn 
of  the  south-west  monsoon  this  produces  greater  effects,  and  all  riven  flowisgicto 
the  gulf  have  a  tendency  to  extend  their  deltas  towards  the  ncHth.  N«r  d> 
coasts  the  spits  consist  of  coarse  fragments,  while  further  out  the  sands  becoo^ 
successively  of  finer  grain.  Long-continued  growth  of  these  spits  wouH  resnfe  ii 
the  formation  of  a  platform  arching  to  north.  The  rocky  '  paars '  <^n*i^  ^^ 
selves  roughly  into  three  groups  running  paraUel  with  Adam  s  Bridge.  Thft  ^ 
line  is  found  at  a  depth  of  3^-4 1  fathoms,  the  second  at  6S  fathoms,  and  the  M 
at  9-10  fathoms.  If  an  area  of  this  character  were  laised  above  the  sea  lerol  w 
should  expect  the  harder  *  paars '  and  limestones  to  exist  as  islands,  between  wfaki 
would  be  areas  of  loose  drifting  sand. 

Such  is  exactly  the  structure  of  Adam's  Bridge.  Rameswaram  Island  hm  ax 
ancient  coral  reef  along  its  northern  border,  but  the  bulk  of  the  island,  as  wall  set^ 
others  constituting  the  bridge,  are  composed  of  calcareous  sandstones,  lilDS  ^ 
now  forming  in  the  *  paars.'  Similar  sandstones  are  found  all  along  the  east  out 
of  India  from  Cape  Comorin  to  Madras,  and  are  represented  on  the  west  ooait^ 
the  *  littoral  concretes '  which  are  considered  by  Oldham  to  have  been  ori^JMfif 
sand  spits  or  beach  deposits.  All  these  contain  none  but  recent  aheUs  exactiy  Hk 
those  hving  in  the  neighbouring  seas.  As  no  rocks  of  undoubted  Tertiary  age  m 
found  on^he  adjacent  coasts,  it  would  appear  that  all  through  that  period  tk 
district  has  been  in  a  state  of  equilibriimi.  Since  Miocene  times  there  has  beeaK 
break  in  the  deposition  of  material,  the  new  beds  quietly  overlapping  the  oWf^ 
In  the  absence  of  any  signs  of  tectonic  movements  during  the  Tertiary  penod*^ 
are  driven  to  the  conclusion  that  the  shallow  platform  in  the  north  part  of  tjt 
Gulf  of  Manaar  is  due  to  the  filling  up  of  the  sea  by  the  dSbris  derived  fioB  tw 
land.  Suess  attributes  the  emergence  of  Adam's  Bridge  and  the  '  littoral  cjonoetf 
to  a  negative  eustatic  movement  of  the  sea  level  in  post-Tertiary  times.  This  na^ 
have  been  so  recent  that  the  great  Hindu  epic,  the  *  Ramayana,'  which  ttwtt  [^ 
the  building  of  Adam's  Bridge,  may  be  a  poetical  rendering  of  events  witnessed  »7 
man.  Although  we  have  no  certain  evidence  that  the  Bridge  was  at  anr  t"^ 
continuous,  we  have  historic  data  to  prove  that  the  island  of  Rameswaram  ^ 
once  united  with  Tonitoray  Spit.  ^ 

If,  as  I  suggest,  the  various  links  in  the  chain  of  islands  represent  einerp 
'  paars,'  we  have  no  reason  to  suppose,  judging  from  the  distribution  of  those  W 
forming,  that  they  were  ever  united. 


The  following  Paper  was  read  to  open  a  Discussion  on  the  Teaching  of  Geo- 
graphy (joint  meeting  with  Section  L) : — 

6.  Geogra/phical  Education.     By  H.  J.  Mackikdke. 

Classics  and  mathematics  are  effective  educational  disciplines  lar^j  becauit 
as  the  result  of  long  experience,  they  can  be  taught  by  methods  wmch  are  p^ 
gressive  from  the  lower  to  the  higher  forms  of  a  school.  If  geography  is  to  o^ 
generally  utilised  in  secondary  education,  it  must  become  similarly  prvff'^, 
rather  than  merely  cumulative  of  facts.  In  practice  this  implies  the  folfilinflD*'^ 
three  conditions : — 

(1)  That  the  pupils  be  classed  in  special  *  sets '  for  geography,  leat  ther  obu^ 
stages  in  the  argument ; 

(2)"  that  thfe  master  know  the  subject  thoroughly  J  and 
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(3)  that  the  pablic  examinations  be  based  on  some  generally  accepted  sequence 
»f  exposition,  as  in  the  case  of  languages  and  mathematics. 

t  would  probably  be  hopeless  to  expect  a  general  fulfilment  of  the  first  two  con- 
litioDs  unless  the  third  be  practicable.  It  b  well,  therefore,  to  concentrate 
kttention  upon  this. 

The  phenomena  of  geography  are  capable  of  arrangement  upon  alternative 
principles,  either  according  to  regions  or  according  to  categories.  In  the  one  case 
;he  chapter-headings  of  a  text-book  would  be  such  as  '  France,'  *  India/  &c. ;  in 
:he  other  they  would  be  such  as '  volcanoes,' '  climates,'  &c.  The  former  is  spoken 
>f  as  regional  geography,  the  latter  as  general,  or  commonly,  but  unfortunately,  as 
)hysical  geography.  In  the  university  the  general  classification  may  often  be 
idvisable,  but  in  the  school  it  is  submitted  that  the  regional  basis  should  in  the 
nain  be  adhered  to,  for  distribution  is  of  the  essence  of  geography  and  imparts  to 
*egional  geography  a  unity  not  possessed  by  physical  geography.  Indeed  the  latter 
nigfat  be  described  as  a  series  of  chapters  treating  of  the  geographical  aspects  of 
)ther  sciences — astronomy,  geology,  meteorology,  botany,  zoology,  anthropology, 
itrategy,  economics,  and  history.  The  separation  of  school  geography  into  two 
tubjects,  topography  and  physical  geography,  has  probably  done  more  than  any- 
thing else  to  arrest  its  development  as  a  discipline. 

It  is  suggested  that  it  would  be  quite  possible  to  weave  into  the  regional  treat- 
nent  so  much  as  is  needed  of  other  sciences  by  taking  these  in  orw  at  a  time  in  the 
mcceasive  stages  of  the  strictly  geographical  argument.  This  idea  will  be  most 
;asUy  conveyed  by  sketching  a  possible  course  of  instruction.  Let  it  be  divided 
nto  six  stages,  of'^which  the  first  will  be  elementary,  the  next  four  secondary,  and 
}he  last  higher. 

STAes  1  (elementary). — It  is  agreed  on  all  hands  that  the  teaching  of  geography 
ihould  commence  with  the  home.  This,  however,  involves  among  other  things  the 
>bservation  of  the  apparent  movements  of  the  sun  and  stars,  and  hence  their  ex- 
planation by  means  oi  the  globe.  The  lie  and  names  of  the  continents  and  oceans 
xrould  also  be  learnt  upon  the  globe,  and  some  idea  of  their  chief  contrasts  won 
Tom  the  reading  of  simple  stories  of  discovery,  adventure,  and  travel,  the  teacher 
5  very  where  asking  the  pupil  to  contrast  with  the  home  conditions.* 

Stagb  2  (ages  thirteen  and  fourteen). — This,  which  is  usually  omitted,  should 
lave  for  subject  such  a  wider  '  home  area '  as  would  permit  of  the  study  of  entire 
•iver  basins,  water  partings,  coast  and  hill  forms,  &c.  The  real  study  of  the  use 
>f  maps  as  opposed  to  mere  plans  and  sketch  maps  would  commence  here,  and 
;his  would  be  the  approximate  stage  for  the  introduction  of  such  ideas  as  the 
leposition,  folding,  faulting,  and  sculpture  of  rock  strata  as  explanatory  of  the 
surface  forms. 

Stage  8  (ages  fourteen  and  fifteen). — Here  the  *  home  country,'  the  British 
[sles,  would  be  considered  as  a  whole.  The  land-forms  and  essentials  of  structure 
«?ould  be  quickly  yet  accurately  conveyed  by  the  use  of  the  ideas  and  terms  learnt 
n  Sta^  2,  and  time  would  thus  be  available  for  a  thorough  explanation  of  the 
;limatic  contrasts ;  a  subject  unsuited  to  Stage  2  by  reason  of  the  limitation  of  the 
irea  then  studied.  Moreover  the  teaching  of  elementary  physics  by  the  science 
n aster  would  at  about  this  stage  render  the  fundamental  ideas  involved  more 
sasily  appreciable. 

Stags  4  (ages  fifteen  and  sixteen). — Here  we  come  to  the  comparison  of  the 
lome  country  with  the  great  civilised  countries  of  Europe.  The  physical  facts, 
30th  morphological  and  climatic,  would  be  conveyed  quickly  yet  accurately  by 
neans  of  the  ideas  and  terms  learnt  in  Stages  2  and  3,  and  special  stress  would 
low  be  given  to  the  political  and  economical  facts.  The  pupils  would  be  ready 
br  these  by  reason  ooth  of  their  progress  in  history  and  of  their  increasing 
nterest  in  the  newspapers.  Care  would  be  taken  to  correlate  the  political  with 
;he  physical.    Problems  and  essays  would  be  set. 

oTAGB  5  (agee  sixteen  and  seventeen). — ^This  would  be  devoted  to  the  study 

*  In  the  case  of  ohildren  not  proceeding  to  secondary  schools  selected  portions 
)f  Stages  2  and  3  must  be  taken  in  the  latter  part  of  the  elementary  training. 
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of  the  whole  jj^lobe,  especially  outside  Eoropo.  It  might  include  more  ftccurate 
astronomical  ideas  {cf.  Sta^^  1),  for  which  the  pupils  would  have  become  fitted  by 
reason  of  their  mathematical  studies ;  also  the  leading  facts  conditioning  plsnt- 
life.  Both  of  these  contributions  would  be  pertinent  to  the  treatment  of  climates- 
The  history  of  discovery  (cf.  Stage  1)  would  be  utilised  in  explaining  tha 
chief  place-names.  The  pupils  would  by  this  time  have  accumulatcKi  a  consider- 
able background  of  knowledge  which  would  be  appealed  to.  The  increasiiig 
wealth  and  variety  of  the  data  would  necessitate  firm  grip  on  principles  and  s 
logical  method.  Therefore  a  specialist  teacher  would  be  advisable  in  order  to 
obtain  mental  discipline,  just  as  a  classical  sixth  form  requires  a  compositioii 
master. 

8x406  6  (university  and  college). — Here  we  should  naturally  find  both 
deeper  intension  and  wider  extension.  By  the  adoption  in  part  of  the  general 
classification — 1.«.,  by  the  study  of  the  distribution  of  particular  types  of  pheoo- 
mena — the  student  would  become  critical  and  be  prepared  for  original  research. 
On  the  other  hand,  by  the  complementary  effort  to  construct  au  harmonicas 
regional  geography  out  of  a  great  series  of  varied  data  he  would  be  inspired  with 
a  broad  and  phdoeophical  outlook. 

Nowhere  is  the  contrast  between  the  general  and  the  regional  method  mor« 
conspicuous  than  in  the  treatment  of  the  wind  system.  The  temptation  ii  great 
to  commence  deductively  from  an  imaginary  landless  globe.  But  this  is  essen- 
tially unsound  because  it  implants  wrong  and  unscientific  habits  of  thou^t 
The  trade  winds,  for  instance,  should  first  be  learnt  of  and  realised  om  a  great  Jact 
in  the  description  of  the  North  Atlantic,  the  complementary  wind  being  added  in 
the  description  of  the  South  Atlantic.  The  double  system  would  then  be  found 
again  in  tne  Pacific  and  a  generalisation  demanded  by  the  pupil  which  would 
presently  be  limited  by  the  facts  of  the  Indian  Ocean.  The  Sahara  Deeert  would 
carry  the  generalisation  a  step  further  and  into  apparently  different  phenomena. 
Only  in  the  end  would  deduction  from  ideal  zones  or  belts  of  climate  be  pe^ 
mitted  by  way  of  mental  stocktaking. 

The  criticism  of  the  practical  teacher  for  such  a  scheme  as  is  here  outlined 
would  probably  be  grounded  on  limitations  of  time.  It  is  submitted  that  with 
the  pupils  in  geographical  sets,  specialist  teachers,  and  agreement  as  to  examina- 
tion bases,  very  much  might  be  accomplished  even  with  the  hours  now  usually 
available.  At  the  risk,  however,  of  appearing  visionary  it  is  further  submitted 
that  those  hours  should  be  extended  on  the  ground  that  geography  is  one  of 
six  elements  needed  in  any  liberal  as  opposed  to  technical  education.  The^ 
elements  are : — 

(1)  Language,  with  reading  and  writing  as  its  implements^  and  the  mother, 
the  foreign,  and  the  dead  tongues  as  its  varieties. 

(2)  Mathematics,  or  training  in  abstract  thought. 

(3)  Experimental  science,  or  training  in  thought  about  concrete  things. 

(4)  History,  or  outlook  through  the  time  covered  b^  human  records. 

(5)  Geography,  or  outlook  through  the  space  accessible  to  men. 

(6)  Religion  and  philosophy. 

It  is  submitted  that  the  inclusion  of  these  six  elements  in  a  general  education  is 
more  essential  than  the  study  of  several  varieties  of  any  one,  e.y.|  several  languages 
or  several  sciences. 

Apart,  however,  from  any  such  theoretical  argument,  it  is  claimed  that 
geographical  teaching,  if  it  deals  with  real  conceptions  and  not  merely  names, 
trains  in  the  mind  a  distinct  power,  that  of  thinking  in  terms  of  the  map,  of 
visualising  intricate  correlations,  of  ordering  complex  masses  of  fiAet — a  power  of 
the  utmost  value  in  the  practical  affairs  of  after-life.  Geography  rightly  taught 
should  tend  to  correct  the  academic  bias  of  linguistic  and  mathematical  study, 
the  specialist  bias  of  scientific  study,  and  the  archaic  or  sentimental  bias  of 
historical  study.  Its  danger  lies  obviously  in  superficial  knowledge  and  unciitictl 
thought.  Taught  in  the  past  too  often  by  those  who  knew  little  of  it,  geography 
ha£  no  doubt  oeserved  its  in&rior  position  among  educatiooal^di^i|^eB* 
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Finally  it  U  submitted  that  geo^aphy  can  be  placed  in  its  rightful  position 
only  by  the  simultaneous  application  of  a  fourfold  policy : — 

(1)  The  encouragement  of  university  schools  of  geography  where  geographers 
shall  be  made,  of  whom  many  will  become  secondary  teachers. 

(2)  The  appointment  of  trained  geographers  as  teacliers  in  our  secondary 
schools,  either  for  geography  alone  or  for  geography  and  general  help  in  other 
fiubjects. 

\3)  The  general  acceptance  of  a  progression  of  method  in  the  subject,  not 
expressed  in  detailed  syllabuses  issued  by  the  State  or  other  dominant  authority, 
which  would  tend  to  stereotype  teaching,  but  in  a  tradition  similar  to  that  which 
at  different  times  has  governed  the  teaching  of  language  and  mathematics. 

(4)  The  setting  of  examinations  by  expert  geographical  teachers. 

It  is  obvious  that  these  four  measures  must  be  applied  simultaneously,  for 
schools  will  not  appoint  specialist  teachers  unless  there  is  a  supply  of  them  to 
select  from ;  and  yet  a  supply  will  not  be  forthcoming  unless  there  be  a  promise 
of  posts,  Dor  is  the  teacher  independent  of  the  examiner  or  yet  of  the  general 
esteem  of  his  subject  based  on  a  belief  in  the  value  of  its  methods. 

An  Ounce  of  Fact. — The  adoption  of  a  new  ^llabus  for  geography  in  the 
London  Matriculation  and  of  geography  as  an  obligatory  subject  in  the  Inter* 
mediate  Examination  of  the  Faculty  of  Economics  and  Commerce,  coupled  with 
the  appointment  of  a  holder  of  the  diploma  of  the  Oxford  School  of  Geography 
as  teacner  of  the  subject  at  University  College  School,  London,  has  contributed  to 
results  which  are  patent  in  the  Pass  List  issued  last  month  by  the  London 
University. 


TUESDA  i;  SEPTEMBER  15. 
The  following  Papers  were  read : — 

1 .   On  the  Relation  and  Importance  of  Botany  to  Geographical  Science^ 
By  Dr.  Otto  V.  Darbishire.  i 

Plants  play  a  very  important  part  in  the  composition  of  the  scenely  of  our 
earth.  So  much  is  this  the  case  that  a  barren  desert  strikes  us  as  remarkable, 
chiefly  on  account  of  the  absence  of  any  Tegetation. 

The  professional  geographer  and  traveller  has  generally  at  most  only  a  very 
slight  ac<juaintance  with  any  branch  of  botany.  The  problem  before  us  is,  "Would 
an  acquamtance  with  certain  branches  of  botany  be  of  any  scientific  interest  or 
practical  value  to  the  geographer  P 

Botany  and  geography  meet  on  common  ground  in  the  following  branches  of 
botany : — 

(a)  The  geographical  distribution  of  pknt  species.  The  distribution  of  plants 
when  group^  according  to  their  natural  afhnities  into  natural  orders,  genera,  or 
species  is  seen  to  depend  very  generally  on  the  distribution  of  temperature  over 
the  earth  *s  surface,  without  reference  us  a  rule  to  local  conditions. 

(b)  The  geographical  distribution  of  plant  forms,  or  ecology.  The  plant  form 
is  an  expression  of  the  way  in  which  the  plant  body  has  adapted  itself  directly  to 
the  external  conditions  under  which  the  plant  is  living.  It  affords,  therefore,  to 
a  certain  extent,  an  indication  of  what  these  conditions  are.  An  association  of 
similar  plant  forms  is  called  a  formation.  The  presence  of  any  of  the  three  chief 
kinds  of  formation,  namely,  forest  land,  grassland,  and  desert  land,  depends  almost 
entirely  on  the  relation  existing  between  the  supply  of  water  available  for  absorp- 
tion by  the  plant  root  and  the  amount  of  water  given  off  by  the  plant  shoot.    The 

f preponderating  influence  may  be  due  to  the  climate  (climatic  formation)  or  the  soil 
edaphic  formation).    Temperature  generally  has  no  hai)d  in  the  making  of  the 
plaT)t  form.  '   •     *      .  -  ...... 
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(c)  The  influence  of  the  plant  world  on  the  earth's  sor&oe.  Most  i 
plants  penetrate  into  the  sou  for  purposes  of  attachment  or  abeorptioi  of  U 
materiaJ.  Their  action  may  be  a  physical  one  only,  or  a  chemical  one  in  ad&ioc. 
Plants  are  as  often  responsible  for  the  first  crumbling  awaj  of  liie  solid  rock  t? 
for  the  binding  together  of  loose  soil. 

These  three  subjects  are  of  great  interest  to  the  geographer,  bat  eoology  if  ■ 
addition  of  the  greatest  importance  to  the  traveller. 

Ecology  teadies  the  traveller  how  to  analyse  and  daaaifj  the  forms  of  v«|«^ 
tation  met  with.    He  is  enabled  through  it  to  make  out  many  of  the  *' 


conditions  by  reference  to  the  plant  forms  observed.  He  is  aleo  enabled  to  cint 
scientifically  accurate  account  of  what  he  has  seeoy  because  he  undentara  t^ 
relation  existing  between  the  plants  and  the  conditions  under  which  tfaeytn 
Jiving.  A  Imowledge  of  ecology  should,  in  fact,  be  considered  a  most  ] 
part  of  the  scientific  equipment  of  any  professional  traveller. 


2.  The  Observation  of  Features  of  Vegetation  in  Geograpkietd 
Exploration,    By  Dr.  W.  G.  Smith. 

Descriptions  or  even  notes  on  vegetation  are  not  a  feature  in  the  makritf  cf 
papers  in  English  relating  to  travel  and  exploration.  Yet  the  ▼egeta&on  of  i 
country  is,  after  the  configuration,  the  most  important  fkctor  in  a  limitrTp 
There  are  in  existing  books  and  papers  descriptions  of  vegetation  whi<^  ehow  tb: 
these  can  be  made,  and  that  thereby  the  utility  oi  the  observations  is  gwsrir 
extended,  not  only  from  an  economic  aspect,  but  also  in  the  direction  <»  pitf* 
geography.  Considerable  progress  has  been  made  towards  repreeenting  ^ 
vegetation  of  a  country  on  maps.  This  is  done  by  recording  the  limite  of  ditt^ 
bution  of  the  most  abundant  (or  dominant)  plants,  such  as  trees  ;  and  already  tk 
vegetation  of  considerable  tracts  of  Britain,  Europe,  and  North  America  has  kes 
charted.  The  detail  in  simple  cases  shows  the  region  of  dcMnduoos  tiees  » 
distinct  from  that  of  coniferous  trees,  and  the  forest  lands  as  contra^ed  wA 
treeless.  Or  greater  detail  may  be  shown,  as  in  the  series  of  maps  now  bou 
issued  in  Britain. 

Vegetation  charts  of  all  parts  of  the  earth  would  be  a  distinct  gain  to  plitf 
geography.  The  scope  of  such  a  survey  iot  anv  area  would  depend  on  the  wtf 
available  and  on  the  observer's  knowledge  of  plants.  In  the  case  of  a  ptin 
which  included  a  botanist  and  traversed  a  country  vdth  fairly  complete  dc^ 
there  should  be  considerable  opportunity  of  ascertaming  and  recording  the  fimitf 
of  important  dominant  plants.  Such  a  survey,  accompanied  bv  the  collecting  <i 
plants,  would  furnish  material  of  great  value.  In  the  case  of  an  expedition  ii 
an  area  poorly  charted  there  would  still  be  opportunities  of  collecting  fragniMitsP 
evidence  regarding  vegetation.  Notes  on  the  dominant  plants  could  be  made  r 
places  where  geographical  observations  were  taken,  and  where  a  change  occons^ 
Irom  one  type  of  vegetation  to  another  the  limit  could  be  ascertained  with  ft^ 
much  accuracy  as  possible.  Even  in  a  case  where  the  dominant  plants  vcr 
unknown  to  the  observer  a  small  collection  of  them  labelled  by  numbers  fot 
reference  could  be  afterwards  identified.  An  acquaintance  with  the  methods  of 
botanical  survey  followed  in  Britain  and  elsewhere  would  be  a  useful  preliminarr 
for  intending  travellers. 

3.  Botanical  Survey  of  the  Basins  of  the  Rivers  Eden^  Tees^  Tyne^ 
and  Wear,    By  Francis  J.  Lkwis,  F,L,S, 

The  survey  was  begun  during  the  sunmier  of  1900,  and  had  for  its  object  tk« 
mapping  of  the  various  plant  associations  and  observations  on  the  difiermt  &eton 
governing  their  distribution. 

The  whole  of  the  work  hss  been  done  with  the  aid  of  the  64noh  OrdnaBce 
maps,  the  boundsries  of  the  different  associations  as  observed  in  the  field  beia^ 
drawn  on  these,  and  subsequently  reduced  on  to  smaller  scale  mape. 
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The  salient  features  of  the  vegetation  may  be  eummarised  aa  follows : — 

Tbe  region  of  cultivation  is  very  restricted,  and  chiefly  confined  to  altitudes 
below  1,006  feet,  and  the  greater  part  of  it  is  under  permanent  pasture,  although 
cultivation  with  oats  is  carried  on  below  800  feet. 

The  region  of  woodland  is  poorly  represented,  and  may  be  divided  into  (1)  oak 
"woods,  (2)  coniferous  woods.  (3)  birch  woods.  The  oak  woods  occur  only  below 
6O0  feet,  and  coniferous  and  oirch  woods  only  in  a  few  instances  reach  an  elevation 
of  1,000  feet 

An  examination  of  the  peat  on  the  higher  fells  shows  that  the  ground  has  not 
airways  been  of  its  present  treeless  nature.  Remains  of  birch,  alder,  and  poplar 
may  frequently  be  discovered  buried  about  16  or  18  feet  down  in  the  peat,  and 
the  author  has  observed  extensive  remains  of  birch  as  high  as  2,400  feet,  being 
higher  than  it  grows  anvwhere  in  Great  Britain  at  the  present  time.  Remains  of 
pine  abo  occur  as  high  as  2,600  feet  on  Cross  Fell.  Sections  are  being  made 
through  the  peat  in  areas  now  covered  by  heather  moors,  Eriophorum  bogs  and 
Sphagnum  bogs,  and  sufficient  evidence  has  been  collected  ^om  these  sections  to 
show  that  nearly  the  whole  of  the  high-lying  watersheds  of  the  Tees,  Tvne,  and 
Wear  have  at  some  former  time  been  covered  with  extensive  woods  of  birch  and 
pine. 

Pasture  associations  are  chiefly  represented  by  grass  heaths  dominated  by 
either  Nardus  stricta  or  Molinia  varta,  according  as  they  occur  in  well-drained 
or  wet  situations.  The  natural  pasture  is  limited  to  outcrops  of  limestone  freo 
from  peat,  and  is  generally  met  with  in  narrow  bands  or  patches,  sometimes 
occurring  in  the  midst  of  extensive  grass  heaths  or  heather  areas.  The  heather 
associations  reach  their  greatest  development  in  the  Mickle  Fell  district  on  lime- 
stone covered  with  peat.  The  Stainmore  district,  to  the  south  of  this,  consists  of 
sandstones,  grits,  and  shales,  and  the  chief  associations  here  are  Eriophomm  bogs 
and  Sphagnum  bogs.  These  associations  also  attain  a  great  development  on  the 
sandstones  and  shales  of  the  Wear  watershed. 

The  chief  artificial  agency  at  work  tending  to  modify  the  vegetation  in  some 
places  appears  to  be  overstocking  with  sheep,  the  constant  browsing,  treading,  and 
manuring  tending  to  kill  the  natural  heather  vegetation.  Under  these  circum- 
stances the  heamer  area  in  a  badly  drained  situation  may  be  changed  into  an 
'Eriophorum  bog,  and  in  a  dry,  well-drained  position  into  a  poor  grass  heath  chiefly 
dommatad  by  Nardus  stricta  and  Juncus  sgttarrosus. 

A  detailed  account  of  this  survey,  with  maps,  will  be  published  in  the 
*  Geographical  Journal,*  and  the  author  hopes  to  extend  the  area  of  observation 
northward  to  the  Cheviot*  and  westward  to  the  coast  covering  the  northern 
portion  of  the  Lake  District. 

4.  Feat  Moors  of  the  Southern  Pennines :  their  Age  and  Origin. 
By  C.  E.  Moss,  B,Sc. 

The  present  condition  of  these  moors  is  first  considered,  and  the  author 
classifies  them  as  (i.)  Ootton-grass  Moors,  (ii.)  Heather  Moors,  and  (iii.)  Qraesy 
Moors.  The  question  as  to  whether  or  not  the  Pennines  were  prehistorically  tree- 
clad  is  next  difcupsed,  and  evidence  is  considered  from  (i.)  history,  (ii.)  place-names, 
(iii.)  buried  timber,  (iv.)  neolithic  flints,  and  (v.)  present  range  of  British  forest 
trees.  The  conclusion  is  arrived  at  that,  though  the  Pennine  slopes  were  tree-clad 
so  late  as  Saxon  and  Danish  times,  yet  at  that  period  the  summits  were  covered 
with  an  extensive  morass.  This  morass  was  caused  by  the  destruction  or  decay  of 
forests  which  existed  on  the  Pennine  summits  so  late  probably  as  the  Roman  period. 

In  order  to  check  the  estimate  suggested  by  the  above  conclusions  tbe  mode 
and  rate  of  formation  of  peat  are  considered.  The  author  discusses  (i.)  the  rapid 
formation  and  (ii.)  the  slow  formation  of  peat,  and  (iii.)  the  plants  which  form  peat 
at  the  present  time ;  and  be  considers  that  as  a  rule  the  peat  moors  of  the  Pennmes 
cannot  date  to  a  period  further  back  than  about  two  thousand  years.  The  paper 
concludes  with  remarks  on  the  possible  utilisation  of  the  Pennine  peat  moors, 
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5.  Queensland,^    By  J.  P.  Thomson. 

After  ft  brief  alluftion  to  some  of  the  main  landmarks  in  the  history  of  Queenf- 
land  the  pa|>er  proceeds  to  give  a  general  sketch  of  the  physical  features  of  the 
State,  describing  ita  mountain  and  river  systems  and  tbe  three  great  natural 
regions  into  which  it  may  be  subdivided  on  physical  and  climatic  grounds. 
These  are  (1)  the  eastern  division,  lying  between  the  coast  and  the  great  dividing 
range,  consisting  of  well-watered  fertile  lands  clothed  in  the  northern  part  with 
vegetation  of  unsurpassed  luxuriance ;  ^2)  the  watershed  of  the  Ghilf  of  Carpentaria, 
wholly  tropical,  but  mainly  adapted  ratner  for  pastoral  than  agricultural  purposes; 
and  (8)  the  vast  western  district,  embracing  the  famous  downs  country,  unsurpassed 
for  richness  of  soil  and  magnificence  of  climate,  the  only  drawback  being  the 
uncertain  and  scanty  rainfall,  the  want  of  which  is,  however,  to  some  extent 
supplied  by  its  artesian  resources.  The  geological  structure,  in  regard  to  whidi 
an  entire  difference  is  noticeable  between  the  east  and  the  west  of  the  State,  is 
next  comprehensiveljr  described,  attention  being  paid  to  the  influence  of  geological 
facts  on  the  possibilities  of  artesian  development.  The  mineral  wealth — consisting 
primarily  of  gold,  but  including  copper,  suver,  antimony,  and  tin  ores ;  coal,  opal, 
gems,  bismuth,  wolfram,  manganese,  and  lead — is  described  as  practically  inex- 
haustible, and  an  account  is  given  of  the  most  valuable  deposits  yet  exploited. 
The  main  characters  of  the  flora  and  fauna  are  next  described,  special  attention 
being  paid  to  the  products  of  most  economic  importance.  In  describing  the 
climate  of  Queensland  the  author  points  out  the  special  advantages  possessed  by 
the  southern  districts  and  the  curative  properties  of  the  dry  and  buoyant  air  of 
the  western  plains.  The  distribution  of  the  rainfall  is  discussed,  and  details  are 
given  of  the  artesian  water  supply  which  supplements  this  in  the  interior  districts. 
Possibilities  of  stonufe  of  river  water  for  irrigation  are  also  touched  upon.  Coming 
next  to  the  industrial  resources  of  Queensland,  the  autbor  points  out  the  unrivalled 
advantages  given  by  its  position  with  regard  to  the  great  commercial  highways  of 
the  East,  its  fine  natural  harbours  and  its  coast  protected  from  the  ocean  by  the 
Great  Barrier  reef.  The  present  population  is  but  a  fraction  of  that  needed  for  its 
satisfactory  development,  and  the  immigration  of  Polynesians  ip  a  necessity  for 
the  cultivation  of  the  tropical  portion.  At  present  the  pastoral  industry  is  more 
fully  developed  than  either  mining  or  agriculture,  the  sheep,  cattle,  and  horseB 
numbering  some  scores  of  millions  when  not  handicappea  by  droughts.  The 
agricultural  industry  is  at  present  limited  to  the  eastern  settled  district  from 
Cookstown  south,  but  with  irrigation  the  rich  western  region  might  produce 
immense  quantities  of  grain.  In  addition  to  sugar  the  coast  region  produces 
maize,  tobacco,  coffee,  cotton,  arrowroot,  &c.,  and  fruit-growing  might  be  taken  up 
with  profit.  The  great  need  is  an  enormously  larger  population  to  settle  on  the 
land  and  develop  its  vast  resources. 

*  The  scientific  nuitter  will  be  published  in  the  Geographical  JonmaL 
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Section  F.— ECONOMIC  SCIENCE   AND  STATISTICS, 
Presideih'  op  the  Section— Edward  W*  Brabrook,  C.B, 


THURSDAY,  SEPTEMBER  10. 

The  President  delivered  the  following  Address : — 

It  is  a  coincidence,  which  has  great  interest  for  me  personally,  that  the  honour  of 
being  President  of  this  Section  has  fallen  to  me  in  the  last  year  of  my  engagement 
in  the  public  service.  I  am  now  in  the  sixty-iifth  year  of  mjr  a^e  and  the  thirty- 
fifth  ot  my  connection  with  the  Registry  of  Friendly  Societies,  and  in  a  few 
months  the  guillotine  of  the  Order  in  Council  will  fall,  and  the  Department  and 
its  present  head  will  be  severed.  The  consequences  are  not  so  tragic  as  thev 
sound,  for  the  Department  will  at  once  find  a  new  head,  and  the  old  head  will 
contrive  to  maintain  a  separate  existence.  I  therefore  meet  the  stroke  of  fate  with 
cheerfulness ;  for  I  am  strongly  of  opinion  that  the  arrangements  for  retirement 
from  the  Civil  Service  of  the  country  are  as  wise  as  they  are  liberaL  It  is  a  good 
thing  that  the  place  of  a  man  whose  ideas  have  grown  old  and  become  fixed,  and 
whose  long  service  indisposes  him  to  entertain  new  ones,  should  be  taken  by  a 
younger  man  anxious  to  make  his  own  mark  on  the  administration  of  his  depart- 
ment. Again,  the  prospect  of  promotion  opened  up  by  the  limited  term  of 
service  of  the  older  men  is  a  distinct  inducement  to  able  and  ambitious  young 
men  to  devote  themselves  to  their  country's  service.  I  have  lately  had  occasion  to 
give  minute  and  careful  attention  to  one  branch  of  this  important  question,  and 
the  fltudy  of  the  whole  subject  which  has  thus  been  rendered  necessary  has 
strongly  confirmed  the  conviction  I  previously  entertained  that  the  system  of 
retirement  which  now  prevails  greatly  tends  to  promote  the  efficiency  of  the 
Civil  Service  and  the  interests  of  the  country.  I  do  not  apologise  for  saying 
this  much  on  a  subiect  into  which  I  was  led  by  an  observation  that  concerns 
me  personally,  for  the  means  of  securing  efficiency  in  the  public  service  is  an 
important  economic  question. 

The  coincidence  to  which  I  refer  tempts  me  to  choose  as  the  principal  subject 
of  the  Address  which  I  am  permitted  and  enjoined  to  deliver  to  the  Section  on  this 
occasion  that  small  corner  of  the  great  field  of  Economics  in  which  I  have  been  a 
day  labourer  for  so  long,  and  I  am  not  able  to  resist  the  temptation.  My  piece  of 
^lotment  ground,  if  I  may  so  call  it,  is  that  which  is  devoted  to  the  cultivation 
pf  thrift,  or  of  economy  in  the  popular  rather  than  the  scientific  sense.  The 
temptation  is  strengthened  by  the  circumstance  that  that  subject  has  rarely  been 
treated  by  my  predecessors.  Sir  Robert  Giflfen  in  his  Address  of  1887  referred  to 
it,  and  Sir  Charles  Fremantle  in  1802  treated  it  at  somewhat  greater  length.  In 
old  times,  when  the  Chair  of  this  Section  was  more  frequently  occupied  by  the 
practical  statesman  than  by  the  professed  economist,  there  were  passing  allusions 
to  it  by  Henry  Fawcett  in  1872,  William  Edward  Forster  in  1878,  and  Sir  Richard 
Jemple  in  1884;  but  in  mQre  recent:  years  t^e  accomplished  pconomiDt^  w^Q 
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have  premded  over  this  Section,  notably  my  immediate  predecefleor,  have  delirered 
luminous  and  memorable  Addreeees  on  the  broad  principles  of  Econonucfly  the 
application  and  potency  of  its  doctrines,  and  their  serviceableneas  to  mankind, 
with  a  comprehensiveneHs  of  view  that  is  only  attainable  as  the  result  of  deep 
study,  and  a  brilliancy  of  exposition  that  belonfifs  to  philosophic  insight.  I  may 
here,  in  passing,  express  the  satisfaction  we  all  feel  that  at  Cambridge,  where  we 
are  to  meet  next  year,  proficiency  in  Economics  and  Political  Science  ia  hott  faUy 
recognised  as  qualifying  for  academical  honours. 

I  haye  spoKen  of  the  subject  of  Thrift  as  a  small  comer  of  the  great  field  of 
Economics ;  and  relatively  to  the  broad  field  itself  it  is  so ;  but  it  is  a  eubiect  Uiat 
deals  with  large  figures  and  intimately  aftects  large  numbers  of  people,     llie  2,000 
Building  Societies  in  Great   Britain   and   Ireland   have  600,000  members    and 
sixtv-two  millions  of  funds ;   the  28,000  bodies  registered  under  the  Friendly 
Societies  Act  have  1 2,000,(XX)  members  and  forty-three  millions  of  funds ;  the  2,000 
co-operative  societies  have  2,000,000  members  and  forty  millions  of  funds ;  the  600 
trade  unions  have  more  tlian  a  million  and  a  half  members  and  nearly  five  miUicmft 
of  funds;  in  the  13,000  Post  Office  and  other  8a\nngs  banks  there  are  more  than 
10,000,000  depositors  and  more  than  200  millions  invested ;  so  that  upon  the  'whole 
in  nearly  50,000  thrift  organisations  with  which  the  Registry  of  Friendly  Societies 
has,  in  one  form  or  other,  to  deal  there  are  twenty-seven  millions  of  persons  interested 
and  360  millions  of  money  engaged.    These  figures,  however,  possess  no  signifi- 
cance other  than  that  they  are  very  big.     Many  individuals  are  necessarily  counted 
more  than  once,  as  belonging  to  more  than  one  society  in  one  class,  or  to  more 
than  one  class  of  societies.     Some  portion  of  the  funds  of  Friendly  Societies  is 
invested  in  savings  banks,  and  therefore  is  counted  twice  over,    ^me  of  the 
co-operative  societies,  as,  for  example,  the  wholesale  societies,  have  for  cajut&l  the 
contributions  of  other  societies,  which  thus  are  also  counted  twice  over.     On  the 
other  hand,  the  aggregate,  large  as  it  is,  is  necessarily  defective.    It  includes  only 
bodies  which  are  brought  into  relation  with  the  Registry  of  Friendly  Societies  in 
one  or  other  of  the  functions  exercised  by  that  department.    It  does  not  include, 
therefore,  many  co-operative  and  other  bodies  wnich  are  registered  under  the 
Companies  Act,  nor  the  Industrial  Assurance  Companies  which  are  regulated  bj 
the  Assurance  Companies  Act,  nor  does  it  include  the  great  body  of  Friendly 
Societies  which  are  not  registered   at  all.     Among  these  shop  clubs   hold  t 
prominent  position,  and  these  are  very  numerous.    The  Royal  Commissioners  of 
thirty  years  ago  thought  that  the  unregistered  were  then  commensurate  with  the 
registered  bodies ;  and  as  one  result  of  the  legislation  which  the  Commissioners 
recommended  has  been  to  diminish  the  applications  for  registry  made  by  suck 
societies  as  are  subjected  by  it  to  the  necessity  of  a  periodical  valuation  of  asset^ 
aud  liabilities,  there  seems  no  reason  to  think  that  unregistered  societies  are 
relatively  now  any  fewer  than  they  were  then. 

It  would  seem,  then,  that  the  figures  we  have  cited  are  well  within  the  ma^ 
and  that,  used  for  the  mere  purpose  of  indicating  the  magnitude  of  the  interestft 
involved,  they  may  be  relied  upon  as  not  over-estimating  it.  The  observation 
just  made  leads  to  the  question,  why  should  there  be  so  many  unregistered 
societies?  WTiy,  indeed,  should  there  be  any  unre^stered  societies?  The 
National  Conference  of  Friendly  Societies,  which  consists  wholly  of  registered 
bodies,  has  jusr  passed  a  resolution  recommending  the  enactment  of  a  law  that 
all  societies  should  be  compelled  to  register.  AVhy  not  ?  I  think  it  will  not  be 
difficult  to  find  the  real  answer  to  these  questions.  It  was  given  as  long  ago  as 
1825  by  a  Committee  of  the  House  of  Commons  in  these  wise  words : — *  It  is 
only  in  consideration  of  advantages  conferred  by  law  that  any  restrictive  inter- 
ference can  be  justified  with  voluntary  associations  established  for  lawful  and 
innocent  purposes.  It  is  for  the  individuals  themselves  to  determine  whether  to 
adopt  the  provisions  of  the  statute,  which  ofifers  them  at  the  same  time  regulation 
and  privilege,  or  to  remain  perfectly  unfettered  by  anything  but  their  own  will, 
and  the  common  or  more  ancient  law  against  fraud  or  embezzlement,*  which 
common  or  more  ancient  law  was  strengthened  in  1868  by  the  Act  known  as 
Russell  Gumey's  Act.    *  For  your  Committee  apprehend  that  although  the  Act 
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of  1798  appears  to  begin  hy  rendering  lawful  the  institution  of  Friendly  Societies, 
there  neither  was  at  that  time  nor  is  now  any  law  or  statute  which  deprives  the 
Kinff's  subjects  of  the  right  of  associating  theniselres  for  mutual  support/ 

Upon  this  principle  the  Legislature  has  hitherto  proceeded.    Ki^stration  is 
voluntary.    The  subscriptions  of  the  members  are  voluntary.    The  conditions  of 
membership  are  such  as  the  rules  framed  by  the  members  themselves  impose. 
They  have  full  authority  to  alter  those  rules  fiom  time  to  time.    Those  conditions 
msy,  if  the  members  so  please,  imply  that  the  subscriptions  are  to  be  small  and 
the  benefits  large.    They  may  provide  for  investment  of  funds  on  any  security 
thev  think  fit  so  long  as  it  is  not  personal  security.    They  may  provide  for  the 
periodical  division  of  the  funds  so  long  as  they  make  it  clear  that  all  claims 
existing  at  the  time  of  division  are  first  to  be  met.     Up  to  this  point  the  regis- 
tered society  and  the  unregistered  are  hardly  distinguishable.   What,  then,  are  the 
obligations  conse()uent  upon  registry  ?    There  is  the  making  an  annual  return  and 
the  making  a  quinquennial  valuation ;  but  the  action  to  be  taken  bv  the  society 
upon  the  result  of  the  valuation  is  wholly  in  the  discretion  of  the  members. 
The  valuer  may  demonstrate  beyond  doubt  that  the  society  in  order  to  save  itself 
from  disaster  mast  increase  the  subscriptions  of  the  members  or  diminish  their 
benefits ;  but  neither  he  nor  the  Registrar  can  enforce  the  recommendation.    The 
society  has  its  destinies  wholly  in  its  own  hands.     Then,  again,  the  Act  contains 
certain  provisions  for  the  protection  of  members.    Individual  members  have  the 
right  to  inspect  the  books  of  the  society,  to  receive  copies  of  its  balance-sheets 
and  valuations,  and  so  forth.    A  certain  number  of  the  members  have  the  right  to 
apply  to  the  Registrar  to  appoint  an  inspector  into  the  affairs  of  the  socie^  or  to 
call  a  special  meeting  of  the  members.    The  inspector  can  only  report — there  is 
no  action  which  the  Registrar  can  take  upon  his  report  if  the  members  disregard 
it.    The  special  meeting  will  in  no  way  differ  from  an  ordinary  meeting  called  by 
the  society  itself,  except  that  it  may  choose  its  own  chairman.    The  Registrar 
cannot  in  any  way  control  its  proceedings.    Even   these  things  he  cannot  do 
of  his  own  motion  without  being  set  in  action  by  a  competent  number  of  the 
members.     If  a  society  becomes  insolvent,  members  may  in  like  manner  apply  to 
him  to  wind  it  up  :  he  may  see  that  a  readjustment  of  contributions  and  benefits 
would  set  the  society  on  its  legs  again,  and  may  suspend  his  award  of  dissolution 
to  enable  the  society  to  make  that  readjustment,  but  he  can  do  no  more.    If  the 
society  refuse  to  make  it,  he  has  no  option  but  at  the  end  of  the  period  of  suspen- 
sion to  issue  the  award.    Here  again  he  may  have  the  fullest  knowledge  that  a 
society  is  hopelessly  insolvent,  yet  he  can  do  nothing  unless  a  competent  number 
of  the  members  call  in  his  aid.    I  confess  that  I  think  the  Legislature  might  have 
gone  further  in  this  respect  and  conferred  upon  the  Registrar,  or  at  any  rate  upon 
some  public  authority,  the  power  to  deal  compulsorily  with  cases  of  hopeless 
insolvency,  and  if  necessary  to  appoint  a  receiver,  as  such  cases  are  not  infreauently 
complicated  with  fraud  carried  on  in  circumstances  which  make  it  diflicult  for  a 
competent  number  of  the  members  to  join  in  an  application  to  the  Registrar. 
However  that  may  be,  taking  the  legislation  as  it  stands,  it  embodies  to  the 
fullest  extent  the  principle  laid  down  by  the  Committee  of  1825. 

The  surrender  of  ir^om  which  a  Friendly  Society  is  called  upon  to  make  in 
order  to  obtain  the  privile^  of  registry,  whidi  are  not  inconsiderable,  is  therefore 
exceedingly  small ;  yet  it  is  sufficient,  as  we  have  seen,  to  keep  out  of  the  registry 
ofiice  a  large  number  of  societies.  It  seems  not  improbable,  looking  back  on  the 
history  of  legislation  on  the  subject — and  the  observation  is  a  curious  one — that  un- 
willin^ess  to  register  has  been  closely  connected  with  actuarial  considerations. 
Thus,  in  the  year  1819,  an  Act  was  passed  which  provided,  among  other  things, 
that  the  justices  should  not  confirm  any  tables  or  rules  connected  with  calculation 
until  they  had  been  approved  bv  two  persons  at  least  known  to  be  professional 
actuaries  or  persons  skilled  in  calculation  ;  but  that  was  repealed  in  1829.  Again, 
in  1846  an  Act  was  passed  which  provided,  among  other  tnings,  that  every  regis- 
tered society  should  make  a  quinquennial  valuation ;  but  that  was  rep^ed  in 
1860  before  a  single  quinquennial  period  had  arrived.  It  was  not  till  a  quarter 
of  a  century  after  1850  t^t  this  most  salutary  provision  again  found  a  place  in 
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the  statute  book,  and  the  experience  of  the  Ust  twenty-eight  years  haa  slio^wn  how 
valuable  it  i%  and  how  much  it  is  to  be  regretted  that  the  Act  of  1646  was  not 
allowed  to  remain  in  force.  Again,  the  Act  of  1850  provided  for  the  discrimina- 
tion of  societies  into  two  classes :  thoM  which  were  simply  registered  aixl  those 
which  were  certified.  These  latter  were  to  obtain  the  certificate  of  a  qualified 
actuary  that  their  tables  of  cx>ntribution  were  sufficient  for  the  benefits  they  pro- 
posed to  insure.  Very  few  certified  societies  were  established,  and  that  Act  was 
repealed  in  1856.  The  ex}>erience  of  the  Legislature  has  not  been  favourable 
therefore  to  endeavours  to  impose  upon  Friendly  Societies  by  Act  of  Parliament 
*  conditions  of  actuarial  soundness. 

If,  however,  the  voluntarv  principle  is  abandoned,  and  all  societies  are  to  be 
compelled  to  rc^fpster,  it  is  obvious  that  there  must  be  a  recurrence  to  the  policy 
of  imposing  such  conditions.     At  present  a  registered  society  may  be  as  unsound 
as  it  pleases,  and  so  may  an  unregistered  society.    Unless  registry  is  to   imply 
something  more  than  that,  there  can  be  no  reason  for  any  compulsion  to  register. 
For  what  does  compulsion  mean  P     It  means  prosecuting,  fining,  and  senduig  to 
prison  all  persons  wno  associate  themselves  together  for  the  lawful  and  innoceot 
purpose  of  mutual  support  in  sickness  and  idversity  without  registration ;  and 
that,  ob\iously,  cannot  reasonably  be  done  unless  abstinence  from  regiatratkm  it 
shown  to  be  a  moral  ofience ;  that  is  to  say,  unless  the  conditions  of  registratioB 
are  such  that  a  registered  society  shall  be  necessarily  a  good  one,  and  an  unre^ 
tered  society  necessarily  a  bad  one.    We  must  begin,  at  any  rate,  by  devisuog 
model  tables  and  insisting  that  every  society  shall  adopt  them.    Are  they  not 
ready  to  hand  P    Did  not  my  lamented  collesgue,  Mr.  Sutton,  prepare  a  Blue  Book 
of  1,360  pages  full  of  them  P    That  is  true ;  but  it  is  also  true  that  in  the  brief 
introductory  remarks  which  he  addressed  to  me  at  the  beginning  of  that  report 
he  observed,  with  great  force,  that  the  adoption  of  sufficient  rates  of  contribution  b 
not  enough  to  secure  the  soundness  of  a  society.    Those  rates  are  derived  from  the 
average  experience  of  all  classes  of  societies — some  exercising  careful  supervisioo 
over  claims  for  sick  pay,  others  lax  in  their  management — and  it  is  upon  care  ia 
the  management,  rather  than  upon  sufficiency  of  rates,  that  the  success  of  a 
Friendly  Society  mainly  depends.    If  the  members  administer  the  affiurs  of  their 
society  with  the  same  rigorous  parsimony  and  watch  over  the  claims  for  sick-pay 
with  the  same  vigilance  which  a  poor  ana  prudent  man  is  compelled  to  exercise  h 
the  administration  of  his  own  household  afiairs,  the  society  will  be  more  than 
solvent,  even  though  they  do  not  pay  as  high  a  contribution  as  the  model  tabks 
exact.    If  they  neglect  these  precautions,  there  is  no  model  table  which  will  rescue 
them  from  ultimate  insolvency.     In  Mr.  Sulton*s  happy  phrase,  it  is  the  personal 
equation  of  the  members  and  of  their  medical  adviser  that  tells  the  most  on  the 
prosperity  or  the  failure  of  a  society.    Your  compulsory  registration  will  impose 
unfair  conditions  on  the  well-managed  societies,  and  will  do  nothing  to  prevent 
the  inevitable  collapse  of  those  which  are  badly  managed.    Registration  tells  for  a 
great  deal  while  it  is  voluntary  and  free ;  but  if  you  make  it  compulsory,  and  add 
to  it  conditions  that  you  suppose  will  tend  to  soundness,  you  will  inevitably  do 
more  harm  than  good.    It  is,  of  course,  of  vital  importance  that  adequate  rates  of 
contribution  should  be  charged  for  the  benefits  proposed  to  be  insured ;  but  if 
these  are  imposed  by  authority,  the  management  of  the  societies  must  also  be 
undertaken  by  the  same  authonty.     It  is  a  curious  observation,  which  has  been 
borne  out  by  experience,  that  in  poor  societies  the  claims  for  sickness  are  relatively 
less  than  in  rich  ones.    M.  l)ertillon,the  eminent  French  statistician,  has  shrewdly 
remarked :  *  The  truth  is,  that  friendly  societies,  when  they  grant  sick-pay,  attach 
less  weight  to  the  text  of  their  rules  than  to  the  state  of  their  funds.     If  the 
society  is  rich,  it  grants  relief  more  freely  than  if  it  is  poor.    Thence,  and  thence 
only,  it  comes  that  the  great  English  societies,  which  are  often  very  old  and 
generally  rich,  give  more  days*  pay  than  the  French  societies,  for  example,  which 
are  bound  to  a  rigorous  economy.'    Without  necessarily  assenting  to  all  that 
M.  Bertillon  says,  it  is  easy  to  see  that  if  the  State  were  unwise  enough  to  say 
that  such-and-such  rates  would  be  sufficient,  it  would  encourage  laxity  or  manage 
pient,  and  fK^cept  ^  responsibility  that  fipes  not  belong  to  it. 
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I  may  now  proceed  to  show  that  the  present  voluutary  system,  unscientific  as 
t  may  be  supposed  to  be,  works  very  well  on  the  whole.  Its  most  useful  feature 
8  the  valuation,  for  a  society  which  disregards  the  lessons  of  one  valuation  finds 
tself  pulled  up  sharpl;^  by  the  results  of  a  second.  A  deficiency  that  is  frankly 
oced  by  an  increase  of  contributions,  a  reduction  of  benefits,  or  a  levy,  or  by  all 
;hree  together,  will  probably  not  only  disappear,  but  be  succeeded  by  a  surplus ; 
)ut  a  deficiency  that  is  disregarded  not  only  grows  at  compound  interest,  but 
ncreases  by  the  continued  operation  of  the  causes  which  produced  it.  It  is  to  be 
'emembered  that  a  valuation  deficiency  or  surplus,  as  the  case  may  be,  in  a 
Friendly  Society  is  always  hypothetical.  It  means  this  in  the  case  of  deficiency — 
if  you  go  on  as  you  are  ^oing  and  do  not  modify  .your  contracts,  you  will  ultimateljr 
be  in  a  deficiency  of  which  this  is  the  present  value.  In  the  case  of  surplus  it 
means — ^if  you  go  on  as  you  are  going  and  do  not  allow  your  prosperity  to  tempt 
you  to  recklessness,  you  will  probably  have  enough  to  meet  all  your  engagement*, 
md  this  much  over  together  with  its  improvements  at  interest. 

When  Friendly  Societies  are  considered  in  their  economic  aspect,  they  appear  to 
be  an  excellent  application  of  the  principle  of  insurance  to  the  wants  of  the  indus^ 
trial  community.  Sickness  may  come  upon  a  working  man  at  any  time,  and  may 
disable  him  from  work  for  an  indefinite  period.  In  such  an  event,  if  he  had 
nothing  to  rely  upon  but  his  own  savings  accumulated  while  he  was  at  work,  they 
would  before  long  be  exhausted,  and  he  would  be  left  in  distress.  By  comHnbg 
with  a  number  of  others  who  are  exposed  to  the  same  risk,  he  can  fall  back  upon 
the  contributions  to  the  common  fund  which  have  been  made  by  those  who  have 
escaped  sickness.  It  is  an  essential  part  of  every  contract  of  insurance  that  the 
contributions  of  all  who  are  exposed  to  an  equal  contingent  risk  are  equal ;  but  the 
benefits  are  only  derivable  by  those  of  the  number  in  whose  experience  the  contin- 
gent risk  becomes  actual,  and  they  receive  more  than  they  have  paid,  the  deficiency 
being  made  up  out  of  the  contributions  of  those  who  have  escaped  the  contingent 
risk. 

This  really  seems  too  elementary  a  proposition  to  be  worth  stating,  but  it  is 
the  fact  that  the  principle  of  insurance  is  so  little  understood  that  many  members 
of  Friendly  Societies  look  upon  themselves  as  having  performed  an  altruistic  and 
charitable  act  in  joining  a  society  when  they  have  been  fortunate  enough  not  to 
make  claims  upon  it  through  sickness.  Several  intelligent  witnesses  beiore  Lord 
Rothschild's  Committee  on  Old-age  Pensions,  representing  large  and  well-managed 
Kocieties,  actually  urged  upon  the  Committee  that  the  members  of  Friendly 
Societies  were  more  deserving  of  old-age  pensions  than  other  people  because  they 
subscribed  for  tbe  benefit  of  others  and  not  of  themselves. 

Another  economic  point  of  view  in  which  Friendly  Societies  call  for  considera- 
tion is  that  of  their  relation  to  the  Poor  Law.  The  old  Act  of  1793,  which  was 
the  day  of  elaborate  preambles  to  statutes,  affirmed  that  the  protection  and 
encouragement  of  such  societies  would  be  likely  to  be  attended  with  very  bene- 
ficial effects  by  promoting  the  happiness  of  individuals,  and  at  the  same  time 
diminishing  the  public  burdens.  Tne  public  burden  at  which  this  was  pointed 
was  no  doubt  the  Poor  Law,  which  was  then  administered  in  a  very  different 
manner  from  that  which  has  prevailed  since  the  great  reform  of  1834,  and  one  of 
the  items  of  encouragement  which  the  Legislature  provided  for  the  societies  waa 
that  their  members  should  not  be  liable  to  removal  under  the  Poor  Law  until 
they  had  actually  become  chargeable  to  their  respective  parishes.  This  exemption 
was  no  doubt  of  great  value  at  that  time,  when  the  law  of  settlement  bore  very 
severely  upon  the  poor. 

It  appears  to  me  that  the  proper  relation  of  the  Friendly  Societies  to  the  Poor 
Law  is  a  negative  one.  The  main  object  of  the  societies  should  be,  as  indeed  it  is, 
to  keep  their  members  independent  of  the  Poor  Law.  They  have  done  so  with 
great  success.  The  returns  which  have  more  than  once  been  presented  to  Parlia- 
ment of  persons  receiving  relief  who  are  or  have  been  members  of  Friendly 
Societies  have  frequently  been  shown  to  be  untrustworthy.  The  number  of  actual 
members  of  such  societies  who  seek  relief  is  small  absolutely,  and  still  smaller 
relatively  to  the  population.    It  was  therefore  not  without  regret  that  I  observed 
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the  passing  of  an  Act  in  1894  which  empowered  Boards  of  Guardians  to  grant 
relief  out  of  the  poor  rates  to  memhers  of  Friendly  Societies,  and  if  thej  thoof^ 
fit  to  exclude  from  consideration  of  the  amount  of  relief  to  he  granted  the  amount 
received  hy  the  applicant  from  his  Friendly  Society.  That  Act  has  jusit  been 
followed  in  the  natural  course  of  events  by  a  bill  for  taking  away  £nom  the 
Guardians  their  discretion  in  the  matter,  and  requiring  them  to  grant  full  relief  to 
the  applicant  in  addition  to  the  weekly  sum,  not  exceeding  five  shillings,  which  he 
receives  from  his  Friendly  Society.  In  other  words,  they  are  to  provide  a  pauper 
who  is  a  member  of  a  Friendly  Society  with  a  free  income  of  five  shillings  a  week 
more  than  they  would  grant  as  adequate  relief  to  a  pauper  who  was  not  a  member 
of  a  Friendly  Society,  however  deserving  in  other  respects  that  pauper  mif  ht  be. 
Poor-law  relief,  instead  of  being  a  painful  and  deplorable  necessity,  is  eleTated 
into  a  reward  of  merit  in  the  one  case,  in  which  that  merit  has  been  displaved 
by  joining  a  society.  A  kind  of  old-age  pension  is  provided  for  the  member,  but 
instead  of  heing  an  old-age  pension  vnthout  the  taint  of  pauperism,  it  ia  a  condi- 
tion of  obtaining  it  that  the  man  must  become  a  pauper.  This  seems  to  me  to  be 
topsy-turvy  legislation.  The  very  bodies  whose  aim  and  proud  boast  it  should  be 
that  their  members  never  are  paupers  have  been  contented  to  claim  for  their 
members  the  rank  of  privileged  paupers. 

The  discussion  of  the  subject  of  old-age  pensions  which  has  now  been  proceed- 
ing for  the  last  twelve  or  thirteen  years  has  nad  one  good  etfect  in  bringing  imder 
the  consideration  of  the  Friendly  Societies  the  practical  methods  by  which  they  can 
obtain  these  pensions  for  themselves.  The  impression  that  some  day  and  some- 
how the  State  would  provide  pensions  for  everybody,  or  at  least  for  everybody 
who  is  thrifty,  has  haa  a  bad  efiect ;  but  the  wiser  members  of  the  societies  have 
seen  that  it  would  be  a  good  thing  to  substitute  for  their  present  plan  of  continQ- 
ing  sick-pay  to  the  end  of  life  a  plan  of  insuring  a  certain  annuity  after  a  given 
age.  For  this  purpose  they  have  had  to  overcome  a  natural  reluctance  on  the 
part  of  the  members  to  lock  up  their  savings  in  the  purchase  of  deferred  annaitiee, 
and  they  have  done  so  with  some  success,  several  thousands  of  persons  having  agreed 
to  subscribe  for  these  benefits.  It  is  anticipated  that  the  report  of  Mr.  Alfred 
Watson  on  his  investigations  into  the  sickness  experience  of  the  Manchester  Unity 
of  Oddfellows  will  add  force  to  this  movement  by  showing  how  great  a  burd^ 
old-age  sickness  at  present  is,  and  how  slight  an  additional  sacrifice  would  secure 
a  deferred  annuity.  It  need  hardly  be  said  that  it  is  more  desirable  that  the 
members  generally  should  do  this  &r  themselves  than  that  they  should  get  tht 
State  to  do  it  for  them. 

Registered  Friendly  Societies  are  becoming  more  popular  and  more  wealthy 
under  the  present  system.  The  number  of  returns  from  societies  and  branches 
increased  from  23,998  on  December  31, 1891,  to  26,431  on  December  81, 1899, 
and  27,005  on  December  31,  1901 ;  the  number  of  members  from  4,203,601  to 
5,217,261  in  eight  years,  and  to  5,479,882  in  ten  years;  the  amount  of  funds  from 
22,695,039/.,  or  5/.  8s.  per  member,  to  32,751,869/.,  or  61. 5s.  6d.  per  member,  after 
eight  years,  and  35,572,740/.,  or  6/.  9«.  9c/.  per  member,  after  ten  years.  It  is 
necessary  to  observe,  however,  that  some  of  the  numerical  increase  is  due  to  greater 
completeness  in  the  later  returns.  The  increase  in  ratio  is  not  affected  by  this. 
It  may  be  worth  noting  that,  on  the  average,  the  proportion  of  members  under  fifty 
years  of  age  to  those  above  that  age  is  as  81  to  19 ;  and  that  of  the  total  aggregate 
receipts  per  annum,  73  per  cent,  goes  in  benefits,  11  per  cent,  in  management,  and 
16  per  cent,  is  added  to  capital.  The  average  annual  contribution  per  member  is 
1/.  U.  6rf. 

Up  to  this  point  I  have  referred  merely  to  the  Friendly  Society  of  the  ordinary 
type,  the  sick  club  and  burial  fiind.  Societies  of  the  collecting  group,  while 
registered  under  the  Friendly  Societies  Act,  are  also  regulated  by  a  separate  Act, 
and  it  is  convenient  therefore  to  consider  them  apart.  They  insure  burial  money 
only.  They  are  only  46  in  number,  having  increased  from  43  in  I89I.  They  have 
as  many  as  6,678,005  members,  an  increase  from  5,922,615  in  1899  and  3,875,215 
in  1891 ;  but  among  these  each  individual  above  the  age  of  one  year  in  eveiy 
family  is  counted  separately,  and  the  majority,  therefore,  are  young  childien. 

Digitized  by  CjOOQIC 


TRANSACTIONS   OF  SECTION   F.  735 

Their  funds  are  5,973,104/.,  or  17«.  lid,  per  member,  having  increased  from 
6,207,686/.,  or  17«.  7rf.jper  member,  since  1899,  and  from  2,713,214/.,  or  14s,  per 
member,  since  1891.    These  societies  therefore  show  progress  like  the  others. 

The  collecting  societies  do  a  similar  business  to  that  of  the  Industrial  Assur- 
ance Companies,  of  which  the  Prudential  is  the  type.  Their  ostensible  reason  for 
existence  is  to  answer  that  instinct  of  human  nature  which  makes  even  the 
poorest  desire  that  the  burial  of  the  dead  should  be  attended  with  some  degree  of 
ceremony ;  but  strong  as  that  instinct  may  be,  it  does  not  prompt  the  poor  to 
seek  out  the  office  of  the  society  and  pay  their  premiums  there.  They  have  to  be 
solicited  by  canvassers  and  waited  upon  by  an  army  of  coUectors  at  their  own 
homes ;  and  the  maintenance  of  this  army  and  the  general  cost  of  management 
absorb  nearly  half  the  contributions,  so  that  the  poor  insurer  pays  double  the  net 
price  for  his  insurance.  There  is  reason  to  believe,  moreover,  that  these  societies 
are  largely  used  for  speculative  insurances  by  persons  who  have  no  real  insurable 
interest  in  the  lives  insured.  So  long  a^o  as  1774  an  Act  was  passed  for  the 
purpose  of  checking  this  sort  of  gambling  in  human  life ;  but  as  it  only  makes  the 
policy  void,  the  insurer  takes  the  risk  of  the  society  repudiating  the  contract, 
Knowing  that  its  doing  so  would  discredit  it  and  spoil  its  business. 

A  number  of  other  classes  of  societies  are  capable  of  being  registered  under  the 
Friendly  Societies  Act,  such  as  cattle  insurance  societies,  benevolent  societies, 
working  men^s  clubs,  and  societies  for  any  purpose  the  registry  of  which  the 
Treasury  may  specially  authorise.  The  formation  of  cattle  insurance  societies  on 
a  large  scale  was  contemplated  by  an  Act  of  1806,  when  the  cattle  plague  was  at 
its  height ;  but  in  practice  only  small  pig  dubs  and  similar  sodeties  in  Lmcolnshire 
and  the  neighbourmg  counties  have  been  registered  under  this  head.  Benevolent 
societies  are  defined  as  societies  for  any  benevolent  or  charitable  purpose,  and  might 
therefore  comprise  all  the  charitable  institutions  of  the  United  Kingdom,  but  in 
fact  the  registered  benevolent  societies  are  few.  Working  men's  clubs — frequently 
called  working  men's  clubs  and  institutes — were  first  brought  under  the  operation 
of  the  Friendly  Societies  Act  of  that  day  by  Sir  George  Grey  as  Secretary  of 
State  in  1864,  and  were  then  societies  for  purposes  of  social  intercourse,  mutual 
helpfulness,  mental  and  moral  improvement,  and  rational  recreation.  They  are 
still  so  defined  by  law ;  what  they  are  in  fact  has  been  revealed  by  the  provisions 
of  the  Licensing  Act,  1902,  as  to  the  registration  of  clubs.  Rules  have  been  sub- 
mitted to  the  Registry  Office,  and  we  have  been  advised  that  we  have  no  discretion 
to  refuse  to  register  them  as  rules  for  carrying  out  the  excellent  purposes  just  de- 
fined, providing  for  the  supply  of  intoxicating  liquors  to  members  and  their  friends 
at  hours  when  the  ordinary  hcensed  houses  are  compulsorily  closed,  for  keeping  the 
club  open  every  night  till  midnight,  and  on  nights  when  there  are  balls  till  six 
o'clock  in  the  morning,  and  for  other  incitements  to  intemperance.  1  hope  that  it 
will  not  be  long  before  an  enactment  is  passed  that  the  registry  of  a  club  under  the 
Licensing  Act  shall  vacate  its  registry  under  the  Friendly  Societies  Act.  Such 
clubs  have  nothing  to  do  with  thrift  or  with  insurance ;  they  are  rather  instru- 
ments of  extravagance,  improvidence,  and  dissipation. 

Some  of  the  specially  authorised  purposes  are  also  wide  of  the  mark,  which 
upon  the  ejusderth  generis  rule  should,  I  think,  be  pointed  with  strictness  in  the 
direction  of  provident  insurance  ;  but  there  has  always  been  a  desire  liberally  to 
extend  the  benefits  of  the  Friendly  Societies  Act  with  a  view  to  the  encourage- 
ment  of  societies  having  praiseworthy  objects  which  for  want  of  means  or  some 
other  reason  are  not  registered  as  companies.  The  large  majority  of  specially 
authorised  societies  are  Loan  Societies,  and  though  these  may  in  some  cases  be 
fairly  good  investments  for  those  who  lend,  they  are  of  doubtful  benefit  to  those 
who  borrow.  An  exception  must  be  made  to  this  statement  with  respect  to  the 
Agricultural  Credit  Societies,  many  of  which  have  been  established  in  Ireland  by 
the  exertions  of  Sir  Horace  Plunkett,  and  have  been  pecuniarily  assisted  by  the 
Congested  Districts  Board.  It  is  a  feature  of  these  societies  that  they  not  only 
lend  money  to  the  small  farmer,  but  see  that  he  spends  it  on  improvements  to  his 
farm ;  and  also  that  there  is  no  division  of  profit  among  the  memoers. 

The  returns  from  all  sooietiea  under  the  Friendly  Societies  Act  other  than 
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Friendly  Societies  proper  increased  from  557  in  1891  to  1,308  in  1899,  a]idl,4t^ 
in  1901;  the  number  of  members  from  241,446  in  1891  to  610,254  in  1886,  ik 
649,491  in  1901 ;  and  the  amount  of  funds  from  594,808/.  in  1891  to  1,5384)64- 
in  1899,  and  1,686,656/.  in  1901.  Here,  again,  great  allowance  has  to  be  midi!  k 
the  want  of  completeness  in  tbe  returns  of  the  earliest  date. 

Allied  to  Friendly  Societies,  but  having  special  regulations  under  other  Att. 
are  shop  clubs  and  workmen's  compensation  schemes.  In  a  vast  number  of  kp 
industrial  establishments  the  men  have  their  own  sick  dub,  sometimes  assistBd  V 
the  employer ;  and  in  a  few  the  employer  makes  it  a  condition  of  employment  t:c 
every  workman  shall  join  the  club.  Where  this  is  done  it  is  now  enacted,  doC  c:^> 
that  the  club  shall  comply  with  the  requirements  of  the  Friendly  Societies  Act  t 
to  registry,  but  also  with  other  conditions  of  more  stringency.  As  yet  oohr  i^ 
clubs  have  been  able  to  satisfy  all  the  requirements  of  tne  Shop  Clubs  Act,  19^:: 
The  workmen^s  compensation  schemes  provide  an  alternative  to  the  general  sc^a 
of  compensation  to  injured  workmen  contained  in  the  Act  of  1897,  and  hapes- 
abled  the  employers  and  workmen  in  several  large  industriee  to  enter  into  sica 
arrangements  by  which  the  workman  gains  an  equivalent  to  the  compeimrKZ 
which  the  Act  would  give  him,  and  enters  into  partnership  with  the  anpione 
for  obtaining  other  benefits.  According  to  the  returns,  these  schemes  have  hitkav 
resulted  very  favourably  to  the  workmen,  and  it  seems  a  pity  there  are  not  &J^ 
of  them. 

The  sentiment  of  which  I  have  spoken,  that  it  is  desirable  to  ext^id  the  hmb 
of  the  Friendly  Societies  Acts  to  societies  for  good  objects,  even  thou^  tkn 
objects  may  not  be  purposes  of  provident  insurance,  is  expressed  in  the  stitotc  i 
1 8(34,  which  allowea  of'  any  purpose  which  is  not  illegal,  and  in  that  of  IS^' 
which  the  definition  of  a  Friendly  Society  was  made  to  include  the  frugal  in^ 
ment  of  the  savings  of  the  members  for  better  enabling  them  to  pnidisBe  ^ 
firing,  clothes,  or  other  necesaries,  or  the  tools,  implements,  or  materials  of  tkr 
trade  or  calling,  or  to  provide  for  the  education  of  their  children  or  kindrt^.  Co^* 
these  Acts  the  Rochdale  Equitable  Pioneers  and  a  number  of  other  Go-opensi^ 
Societies  were  registered,  and  in  1852  an  Act  was  passed  specially  dealing  v^ 
these  bodies  under  the  name  of  Industrial  and  Provident  Societies.  Thej  t^ 
made  corporate  bodies  by  an  Act  of  1862,  and  are  now  regulated  by  the  Indetn 
and  Provident  Societies  Act,  1893.  The  societies  that  may  be  registered  under  ti* 
Act  are  societies  for  carrying  on  any  industries,  businesses,  or  trades  specified  a  i' 
authorised  by  their  rules,  whether  wholesale  or  retail,  and  including  dealiof^ ' 
any  description  with  land. 

This  definition  indicates  pretty  clearly  the  manner  in  which  Co-o^eradve  Socie^ 
have  worked  out  their  own  evolution.  The  expression  *  Industries '  denotes  s; 
productive  form  of  society,  a  form  which  has  always  embodied  the  ideal  ore 
operation  when  the  combined  labour  of  the  members  should  be  engaged  inp 
production  of  commodities.  The  expression  *  Businesses '  indicates  the  reoognia- 
of  the  Legislature  that  Co-operative  Societies  ought  to  cover  a  wider  range  tlua« 
allowed  by  the  words  *  labour,  trade,  or  handicraft '  in  the  Act  of  1876,  Mid  inclei- 
banking,  assurance,  and  the  like.  The  expression  ^  Trades '  denotes  the  distn^- 
tive  form  of  society,  a  form  in  which  co-operation  has  gained  its^^reateet  snocesK' 
The  permission  to  carry  on  these  functions  'wholesale'  as  well  as  retail  pourt*  • 
the  system  of  super-association,  or  co-operation  between  societies,  which  has  <* 
tained  phenomenal  proportions  in  the  co-operative  wholesale  societies  of  Mi^ 
cheater  and  of  Glasgow,  and  exists  in  a  smaller  degree  of  development  in  otk 
societies.  The  authorising  of  *  dealings  of  an^  description  with  land  *  rslitei  v* 
merely  to  a  considerable  number  of  land  societies,  but  b  also  an  indicatkn  of  t^ 
great  extent  to  which  societies  for  other  purposes  have  applied  their  profits  tsi 
some  of  their  capital  to  the  excellent  work  of  providing  homes  for  their  ik^ 
bers.  It  is  also  to  be  observed  that  many  societies  are  both  distribotiTe  a^ 
productive. 

What  have  these  societies  done  for  their  members  P  They  have  reduced  tk 
price  of  the  necessaries  of  life  and  have  thus  enabled  persons  of  limited  neitf  ^ 
enjoy  &^me  of  its  luxuries ;  they  have  provided  a  remunerative  inveetaflBt  ^"^ 
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small  savings ;  tliey  have  done  much  to  put  an  end  to  the  practice  of  giving  and 
taking  long  credit ;  they  have  done  as  much  as  in  them  lies  to  ensure  the  purity 
of  commodities ;  they  have  discountenanced  (though,  perhaps,  not  with  ail  the 
success  that  might  have  been  hoped  for)  the  practice  of  taking  commissions  and 
commercial  bribery  generally ;  they  have  raised  the  standard  of  comfort  and  have 
helped  many  members  to  obtain  the  coveted  possession  of  a  house  of  their  own  ; 
they  have  aevoted  a  share  of  their  profits  to  educational  purposes  with  excellent 
results.  Some  of  the  productive  societies,  by  the  practice  or  giving  a  bonus  to 
labour,  have  improved  the  economic  position  of  the  workman  and  contributed  to 
the  efficiency  of  his  work.  On  the  other  hand,  co-operative  societies  generally  have 
not  been  so  successful  as  was  expected  in  realising  some  of  the  aspirations  of  the 
founders  of  co-operation  ;  commercial  failure  has  not  been  unknown  among  them ; 
losses  have  occurred,  though  the  simple  organisation  of  the  societies  has  made  it 
easy  to  deal  with  them  by  adjustments  of  the  capital  accoimt ;  they  have  not  always 
had  the  best  of  managers,  and  have  sometimes  failed  to  give  their  confidence 
where  it  was  deserved,  and  ^ven  it  where  it  was  not.  In  many  places  they  have 
had  to  contend  with  opposition  from  the  traders  to  whose  business  and  profits 
their  success  was  unfavourable.  Taking  all  things  into  consideration,  the  progress 
they  haye  made  is  surprising. 

Comparing  the  returns  for  the  United  Kingdom  for  the  years  ending  Decern- 
ber  31, 1891,  and  December  31, 1001,  the  increase  in  number  of  societies  was  from 
1,597  to  2,175 ;  in  number  of  members  from  1,136,907  to  1,929,628;  in  amount  of 
funds  from  16,545,138/.  to  40,824,660/.         . 

It  has  been  obj^erved  that  the  OoK)perative  Societies  are  largely  undertaking 
the  work  of  providing  houses  for  their  members ;  and  to  that  it  may  be  added  that 
the  Friendly  Societies  are  more  and  more  tending  to  adopt  the  practice  of  lending 
money  to  members  on  mortgage  as  one  of  the  most  remunerative  forms  of  invest- 
ment open  to  them.  The  Building  Societies,  which  were  established  for  that 
purpose  only,  are  still  carrying  on  the  same  work,  and  the  combined  operation  of 
all  three  ought  to  produce  a  material  effect  on  the  prosperity  and  well-being  of 
the  industrial  population.  Building  Societies  alone  advance  as  much  as  9,000,000/. 
a  year  on  mortgage. 

Building  Societies  have  passed  through  a  crisis.  The  incorporated  societies 
reached  their  highest  point  of  prosperity  in  1887,  when  their  capital  amounted  to 
fifty -four  millions ;  by  1894  it  had  fallen  to  below  forty-three  millions.  The  Building 
Societies  Act,  1894,  re(juired  of  societies  a  fuller  disclosure  of  the  real  state  of  their 
affairs  than  had  previously  been  called  for.  The  result  was  to  show  that,  apart 
from  the  special  scandal  caused  by  the  fraudulent  proceedings  of  the  Liiierator 
Society,  there  were  hitherto  undisclosed  elements  of  weakness  in  the  management  of 
Building  Societies  that  justified  the  withdrawal  of  the  public  confidence  that  had 
been  reposed  in  them.  The  properties  in  possession  before  the  passing  of  the  Act 
of  1894  were  not  less  than  7,500,000/. ;  they  are  now  less  than  3,000,000/.  This 
points  to  the  fact  that  the  early  prosperity  of  Building  Societies  had  led  to  the 
establishment  of  more  societies  than  the  public  demand  called  for,  with  the  con- 
sequences that  societies  competed  against  each  other,  and  that  in  the  stress  of 
competition  and  the  anxiety  to  do  business  they  accepted  unsatisfactory  securities, 
which  must  lead  to  loss  upon  realisation.  From  this  point  of  view  the  effect  of 
the  Act  of  1894  has  been  whoUy  salutary.  Year  after  year  the  societies  have 
reduced  their  properties  in  possession.  The  evils  which  they  dreaded  from  the 
disclosure  of  the  facts  have  not  arisen.  At  this  day  it  may  be  said  that  the 
societies  as  a  whole  have  regained  the  position  they  held  in  public  confidence,  for 
the  members  now  know  the  worst.  They  know,  too,  that  where  the  blight  of 
properties  in  possession  still  infests  the  business  the  managers  are  resolutely 
endeavouring  to  diminish  its  efiect. 

I  need  hardly  repeat  what  has  so  often  been  said  of  the  economic  yalue  of  a 
sound  Building  Society.  The  man  who  by  its  means  gets  a  stake  in  the  country 
mounts  many  steps  on  the  social  ladder.  When  he  has  paid  off  the  mortgage  on 
his  own  dwelling-house,  and  so  liberated  himself  from  the  obligation  to  pay 
principal  and  interest,  either  iu  the  form  of  repayment  annuity  or  of  rent,  what 
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is  to  prevent  him  from  bajiog  in  the  same  manner,  as  an  inTeetment,  another  ^rs 
with  the  income  thus  set  free,  and  so  on  P 

There  are  still  sixty-eight  Building  Societies  which  remain  under  the  open&K 
of  the  Act  of  1836,  having  been  established  before  1856,  and  not  having  aTi&c 
themselves  of  the  option  of  taking  upon  themselves  the  responsibilities  sad  tk 
privileges  of  the  Acts  of  1874  and  subeequent  years.  One  aoeie^  (the  Biricbed 
stands  by  itself,  as,  although  its  business  as  a  Building  Sodety  Is  considenbk- 
the  new  advances  granted  on  mortgage  last  year  having  been  for  120,000^ — ite  osa 
operations  are  those  of  a  deposit  bank,  and  it  keeps  the  &r  greater  part  of  & 
funds  in  investments  on  liqmd  securities.  The  other  societies  are  panoii^  ^ 
even  tenor  of  their  way,  just  as  they  have  done  for  the  last  fif^  years,  and  &W 
on  the  average  an  increase  of  business  from  year  to  year.  But  the  i^reat  Mr  .• 
Building  Societies  are  those  which  are  incorporated  under  the  Acts  of  1874  t 
1804.  exce«Miing  2,000  in  number.  They  have  so  far  recovered  from  the  effect  ? 
the  oepression  that  their  assets  are  now  forty-eight  millions,  being-  midway  bema 
the  bw-water  mark  of  1894  and  the  high-water  mvk  of  1887.  That  and  the  fcr 
that  they  have  in  about  seven  years  reduced  their  properties  in  posaeasiai  W 
about  60  per  cent,  leads  to  the  inference  that  they  are  now,  speaking  g«DeraIlT,  c 
a  fairly  healthy  condition,  and  that  muiy  years  of  useifuuiese  are  scill  is  b 
expected  for  them. 

The  Friendly  Societies  Registry  also  registers  and  receives  retoms  from  tak 
onions.  These  useful  and  necessary  bodies  have,  I  think,  been  rather  en^^ 
treated,  not  only  in  past  daya,  but  also  in  more  recent  times.  Without  pm 
back  to  the  bad  old  tunes  when  six  poor  agricultural  labourers  were  sentenosd  ? 
seven  years'  transportation  for  forming  a  trade  union,  or  even  to  the  tioM  i^ 
they  were  refused  the  protection  of  the  law  for  the  frmds  they  had  accomubirt. 
because,  forsooth,  they  were  for  an  illegal  purpcoe,  it  will  be  sufficient  to  bi& 
the  unexpected  change  that  has  been  worked  in  their  position  since  the  Ad  c: 
1871  purported  to  render  them  legal.  Registry  under  that  Act  antlionsed  ik 
trustees  en  a  trade  union  to  hold  land  not  exceeding  one  acre,  vested  the  propefr 
of  the  union  in  them,  authorised  them  to  sue  and  be  sued  on  behalf  of  the  ubicl 
limited  their  liability,  made  the  treasurers  and  officers  accountable  to  them  or  i 
the  members,  and  enabled  them  to  take  summary  proceedings  sgainst  any  pee^ 
misapplying  their  funds.  But  it  did  not  create  the  unions  corporate  bodies,  ad 
did  not  enaole  any  Court  to  entertain  legal  proceedings  for  enforcing^  their  eoe> 
tracts  with  their  members,  recovering  contributions  due  from  a  member,  or  necms^ 
ing  from  the  union  benefits  due  to  a  member  or  other  person,  or  for  enfbmi^  ^ 
agreement  between  one  trade  union  and  another,  even  where  any  such  contrKS* 
or  agreements  were  secured  by  bond.  It  was  commonly  thought  that  the  eSer 
of  sll  this  would  be  that  the  unions,  having  none  of  the  pri^eges  of  incofp<s>- 
tion,  would  escape  the  liabilities  which  affect  corporate  bodies ;  and  so  much  vie 
this  the  general  opinion  that  the  Duke  of  Devonshire  and  other  membexa  of  th 
Royal  Commission  on  Labour  made  a  minority  report  in  which  thej  suggested  tkv 
the  law  in  this  respect  should  be  altered. 

It  has  recentlv  been  determined  that,  although  unions  are  not  corporate  bodev 
they  are  responsible  for  the  acts  of  their  agents  as  much  as  if  they  vrere.  I  d 
not  presume  to  question  the  propriety  of  this  decision  as  a  matter  of  law,  nor  evei 
to  say  that  it  is  a  decision  which  is  contrary  to  equity ;  but  only  to  point  out  th£ 
its  result  upon  the  individual  member  of  a  trade  union,  who  gave  no  maads^ 
to  its  agents  to  do  any  illegal  or  injurious  act,  but  handed  over  his  savings  to  t^ 
trustees  of  the  union,  relying  on  the  stringency  of  the  provisions  of  the  Act  as  v 
misapplication  of  funds,  is  very  serious  ana  was  unexpected.  The  contiilmtions  <i 
workmen  to  their  trade  union  represent  an  amount  of  self-sacrifice  and  a^-deaiil 
that  is  not  readily  gauged  or  measured  or  understood  by  persons  in  easier  cizasB- 
stances  of  life.  Their  object,  which  is  primarily  to  provide  the  sinews  of  warii 
any  conflict  that  may  be  necessary  to  secure  their  material  welfare,  and  seoondaHhr 
to  provide  side  and  funeral  and  pension  and  out-of-work  benefits  againsi  the 
ordmary  ills  of  life,  is  one  that  ought  to  appeal  most  strongly  to  the  8ympathi««'  ftf 
the  economist.     If  it  is  the  fact  that  trade  uniona  make  mistakes)  as  moot  p«^e 

Digitized  by  CjOOQIC 


TRANSACTIONS   OF  SECTION   F.  789 

io,  those  mistakes  will  be  maoh  fewer  and  less  mischievous  when  full  leffislatiTe 
recofpiition  and  protection  are  afforded  them  than  they  were  under  the  old  rSgime 
yf  suspicion  and  repression. 

Loan  Societies  under  the  Act  of  1840  are  societies  for  lending  sums  of  money 
not  exceeding  15/.  to  the  industrious  classes  upon  terms  of  a  deduction  of  interest 
it  the  time  of  granting  the  loan  and  a  corresponding  weekly  repaynient  fixed  to 
commence  at  such  a  time  that  the  rate  of  interest  earned  by  the  society  shall  be 
about  12  per  cent,  per  annum ;  another  instance  of  the  experience  which  always 
faces  the  poor  man  that  he  has  to  pay  for  any  small  accommodation  he  wants  a 
higher  relative  price  than  the  man  has  who  wants  more.  These  societies  are  of 
two  types :  the  Friends  of  Labour  Loan  Societies,  existing  mainly  in  the  metro- 
polis, having  two  classes  of  members,  investing  and  borrowing,  but  limiting  the 
iubscriptions  of  the  one  class  to  the  16/.  which  is  the  statutory  limit  of  the  loans 
k>  the  other  class ;  and  what  may  be  called  the  proprietary  loan  societies,  existing 
miinly  in  Yorkshire,  making  their  loans  to  non-members,  and  consisting  of  a 
small  number  of  persons  who  contribute  the  whole  of  the  capital,  the  holding  of 
Mohproprietor  sometimes  amounting  to  several  hundreds  of  pounds. 

The  Begistry  of  Friendly  Societies  has  for  one  of  its  functions  that  of  granting 
1^0  sodetiee  which  are  exclusively  for  purposes  of  science,  literature,  and  the  fine 
Eirts  certificates  exempting  them  from  local  rating.  Though  there  can  be  no 
a[ue6ti(m  that  these  certificates  are  of  great  value  to  many  exceUent  institutions, 
such  as  public  libraries,  picture  naileries,  museums,  and  scientific  and  learned 
locieties,  which  would  find  the  liability  to  pay  rates,  in  these  days  when  rates  have 
Lncreasea  and  are  increasing  so  largely,  a  serious  deduction  from  the  scanty  means 
%t  their  command  for  maintaining  their  useful  operations,  yet  1  have  very  grave 
lonbts  whether  on  economic  grounds  any  such  exemption  from  rates  is  capable  of 
^eing  defended.  The  benevolent  people  who  subscribe  to  maintain  these  buildings 
:or  the  public  good  increase  the  burden  upon  the  small  ratepayer  to  the  extent  to 
nrhich  Uiey  fajl  to  contribute  their  share.  The  Act  of  1843  has  more  than  once 
oeen  scheduled  in  Bills  for  repealing  exemptions  from  rating,  but  those  Bills  have 
lot  been  passed,  and  the  Act  is  still  in  force. 

There  only  remains  to  consider  the  case  of  Savings  Banks,  which  are  brought 
n  connection  with  the  Registry  of  Friendly  Societies  by  the  Acts  which  confer 
anon  that  office  exclusive  and  final  jurisdiction  in  the  settlement  of  disputes,  and 
sOectually  oust  the  jurisdiction  of  the  Courts  of  Law.  Under  these  Acts  many 
.housands  of  disputes  have  been  settled  by  my  predecessors,  my  colleagues,  and 
uyself^  and  at  tne  present  time  an  average  of  tnree  appointments  every  week 
luring  the  busy  time  of  the  year  has  to  be  made  to  hear  the  parties.  We  see 
auch  of  the  seamy  side  of  life  in  these  cases — many  family  and  other  quarrels  of  a 
ordid  character  are  brought  to  light — and  it  has  ifeen  noted  as  a  curious  fact  that 
persons  guilty  of  fraud  or  embezzlement  seem  frequently,  but  most  unwisely,  to 
elect  the  Savings  Bank  as  the  securest  receptacle  for  their  ill-gotten  gains.  On 
he  other  hand  many  pathetic  and  touching  instances  of  thrift  and  self-sacrifice 
Lave  been  brought  under  our  notice,  and  much  evidence  has  been  accumulated  as  to 
he  great  value  to  the  poor  of  these  excellent  institutions.  As  compared  with  the 
everal  self-governing  bodies  to  which  I  have  already  called  attention,  the  Savings 
Sank  may  not  unfairly  be  described  as  the  elementary  form  of  organisation  for 
hrift.  The  depositor  entrusts  his  money  to  it  for  mere  safe  custody  and  accumu- 
ation,  and  has  no  voice  in  the  application  of  it  or  control  over  its  managers.  All 
e  asks  is  that  he  may  run  no  risk  of  losing  it.  Savings  Banks  are  of  three  classes  : 
he  230  Trustee  Savings  Banks  of  the  old  type  which  still  remain,  and  have  to 
heir  credit  an  undiminished  amount  of  funds,  though  there  were  at  one  time 
lore  than  twice  as  many  banks ;  the  Post  Office  Savings  Bank,  which  is  one  of 
le  many  monuments  still  extant  to  the  financial  genius  of  Mr.  Gladstone,  and  not 
$88  to  the  administrative  skill  of  the  public  servants  who  settled  the  lines  upon 
rhich  it  works>  and  which  has  increased  the  savings  of  the  people  more  than  three- 
)ld  by  brinf;ing  almost  to  every  man's  door  the  opportunity  of  making  deposits, 
hope  that  it  may  meet  in  its  new  and  splendid  home  at  West  Kensington  with  a 
Dntmuance  and  increase'  of  the  marvellous  6ucC^8S  wtnch  has  hitherto^ttended  it. 
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Thirdly,  there  are  the  Railway  Savings  Banks,  which  hare  collect^  from  the 
workmen  employed  and  from  their  fiumliee  nearly  five  million  potmda.  It  is 
right  to  ohserve  that  they  give  a  rate  of  interest  exceeding  b^  about  1  per  cent, 
that  ^ven  by  the  Trostee  and  Post  Office  Savings  Banks.  It  is  also  to  be  borne 
in  mind  that  the  deposits  in  Savings  Banks  are  not  drawn  wholly  from  the 
industrial  population,  bat  that  many,  especially  women  and  children,  belongii^ 
to  other  chidses  make  use  of  the  banks.  Indeed,  the  Postmaster-General,  in  an 
approximate  estimate  made  some  years  ago,  cateulated  that  women  and  children 
constituted  66  per  cent,  of  the  whole  number  of  depositors.  School  Savings  Banki 
and  Penny  Savings  Banks  are  also  to  be  mentioned  as  feeders  of  the  ordinaiy 
Savings  Bunks,  and  as  greatly  increasing  the  opportunities  of  saving  i^orded  to 
the  young,  and  instilling  into  them  valuable  lessons  of  thrift. 

Such  is  the  story  the  department  I  am  about  to  leave  has  to  tell  of  the  free 
and  spontaneous  efforts  of  the  industrial  population  to  better  their  condition  by 
means  of  thrift  and  economy.  It  is,  I  venture  to  think,  one  which  speaks  w^ 
for  the  general  body  of  that  population  and  has  gr^t  promise  for  the  future  of  the 
country.  In  times  of  depression,  as  well  as  in  times  of  prosperity,  the  gpradual 
increase  of  the  funds  of  these  various  bodies  has  been  maintained ;  the  members 
have  not  been  compelled  by  the  one,  nor  tempted  by  the  other,  to  relax  their 
efforts  and  their  sacrifices. 

I  ask  forgiveness  for  having  detained  you  so  long  on  so  small  a  branch  of  the 
great  subjects  with  which  this  Section  has  to  deal,  and  which  will  be  well  ilhii- 
irated  in  the  important  papers  and  discussions  that  are  set  down  on  its  programme. 
The  coarse  of  events  has  given  to  one  group  of  subjects,  that  has  often  been 
considered  in  this  Section,  a  new  and  unexpected  prommence ;  and  we  await  with 
keen  interest  the  teaching  which  economic  science  has  to  offer  on  the  queetiou 
of  the  day.  

The  following  Papers  were  read : — 

1.  The  Growth  of  RateB.    By  Benedict  W.  Ginsburo,  M.A.^  LL.D. 

Without  attempting  to  deal  with  this  question  as  a  whole,  the  paper  ii 
designed  to  show  the  impossibility  of  raising,  as  is  proposed,  large  sums  of  monej 
from  our  provincial  cities  for  the  purposes  of  higher  education.  With  this  view 
the  statistics  of  seven  important  towns — ^Birmingham,  Bradford,  Bristol,  Leed^ 
Liverpool,  Manchester,  and  Sheffield — are  examined,  and  the  area,  population, 
rateable  value,  amount  raised  by  the  rates,  and  levy  of  rates  per  pound  over 
decennial  periods  for  the  last  half-century,  taken  out.  Liverpool,  as  being  the 
nearest  and  perhaps  the  most  important  city,  is  taken  as  an  example,  and  her 
position  discussed  in  detiul.  Comparing  1881  with  1851  it  appears  that  thougli 
the  population  and  rateable  value  had  increased,  the  rates  bad  also  risen  from 
Is.  %\d,  to  3«.  \\\d.y  so  that  the  amount  extracted  from  the  ratepayers  rose  from 
134,000/.  to  609,000/.  per  annum.  In  1901  it  had  further  risen  to  6«.  ^d,  in  thg 
pound,  the  increase  over  the  amount  of  ten  years  previously  having  been  84  per 
cent.  The  movement  of  municipal  indebtedness,  not  only  for  remunerative 
imdertakings,  but  also  for  general  purposes  over  the  whole  country,  has  also 
been  upwards.  The  Local  Government  returns  show  a  total  expenditure  for  all 
the  municipalities  of  88  millions  in  1898,  and  of  121  millions  in  1902,  on  repro* 
ductive  works.  The  return  which  is  made,  however,  by  these  undertakings  is 
not  proportionate  to  the  capital  charges  incurred.  Liverpool,  for  example,  ha^i 
spent  7%  millions  to  obtain  a  return  of  but  45,000/.  per  annum.  The  and^it 
sources  of  expenditure,  such  as  the  poor  law,  are  not  those  upon  which  the  present 
large  outlays  go.  Housing,  electricity,  tramways,  and  education  account  for  most 
of  the  increase.  In  the  last  ten  years  Manchester's  contribution  to  the  School 
Board  has  trebled,  rising  from  40,000/.  to  120,000/.,  Birmingham's  has  risen  from 
73,000/.  to  134,000/.,  and  Livernoors  from  62,000/.  to  128,000/.  In  view  of  these 
facts  and  of  the  probable  results  of  the  new  Education  Act^  it  would  seem 
improper  that  new  undertakings  should  be  even  contemplated. 
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2.  Depreciation  and  Sinking  Funds  in  Municipal  Undertakings, 
By  Stanley  Horsfall  Turner,  M.A. 

The  questions  to  be  raised  centre  about  the  fact  that  all  municipal  under- 
akinffs  are  started  with  borrowed  capital  which  must  be  repaid  within  statutory 
)eriod8,  and  it  is  important  to  understand  how  this  initial  burden  should  be  dis- 
Tibnted  as  between  the  present  and  the  future.  Usually  in  reproductive  under- 
Akin^  the  sinking  fund  is  based  upon  the  life  of  the  subject,  and  beyond  this 
;here  is,  in  general,  no  obligation  to  provide  reserves.  No  decisive  answer  has  at 
my  time  b^n  given  to  the  question  whether  de]^reciation  funds  should  be  kept, 
^ith  the  result  that  municinalitiea  differ  very  widely  in  their  methods.  A  few 
lave  adequate  depreciation  tunds,  others  have  either  inadequate  ones  or  none  at  all. 
According  to  the  latest  returns  the  annual  average  depreciation  fund  for  muni- 
^pal  tramways  in  .England  and  Wales  is  only  just  over  one  half  per  cent,  on 
iie  capital  borrowed,  and  tramways  show  the  largest  percentage  of  an^  municipal 
ndustry.  It  is  urged  b^  those  municipalities  which  have  no  depreciation  fund 
^at  the  sinking  fund,  being  based  upon  the  life  of  the  subject,  i$  the  depreciation 
iind,  and  that  if  the  loan  is  entirely  repaid  when  the  plant  is  worn  out  or  obsolete 
;be  present  has  done  all  that  is"^  necessary.  Their  successors  must  borrow  to 
■einstate  the  works.  The  only  alternative,  as  the  law  now  stands,  is  to  have  a 
lepreciation  fund  in  addition ;  and  if  this  were  a  true  depreciation  fund  it  would 
)e  too  great  a  burden  upon  the  first  generation,  since  the  life  of  the  subject  is 
aken  into  account  twice  over.  Those  municipalities  which  voluntarily  lay  aside 
i  full  depreciation  fund  urge  that  once  an  undertaking  is  started  its  value 
ihould  be  maintained,  as  in  a  private  company  working  a  similar  undertaking, 
ind  that  the  sinking  fund  is  an  extra  requirement  enforced  by  Parliament  because 
t  is  deemed  undesirable  to  allow  any  permanent  local  debt.  While  this  second 
riew  recommends  itself  as  the  sounder  finance  for  reproductive  undertakings,  there 
ire  serious  objections  to  it  so  long  as  the  sinking  fund  is  fixed  on  the  present 
principles.  The  first  generation  is  burdened  twice  as  much  as  the  second  and 
lucceeding  generations.  It  not  only  repays  the  whole  debt,  but  also  builds  up  an 
}qual  capitiu  for  future  generations  which  have  no  sinking  fund  to  pay  because 
^heir  capital  is  no  longer  borrowed.  The  difficulty  arises  because  the  statutory 
■equirements,  which  contemplated  none  of  the  recent  extensions  of  municipal 
ictivitjr,  are  not  suited  to  some  of  the  present  undertakings,  and  in  tiiese  cases  a 
lepreciation  fund  should  be  made  obligatory,  while  the  sinking  fund  should  be 
entirely  dissociated  from  the  life  of  the  subject. 


FJIIDAT,  SEPTEMBER  11. 
The  following  Papers  and  Report  were  read : — 

1.  The  Wealth  of  the  Empire^  and  how  it  should  he  used,^ 
By  Sir  Robert  Gipfbn,  K.CB, 

The  paper  is  intended  to  initiate  a  discussion  on  the  objects  of  the  expenditure 
f  the  aggregate  wealth  of  the  British  Empire,  whether  by  individuals  or  by  the 
Itate. 

For  the  purpose  of  the  discussion  it  is  assumed,  on  the  basis  of  recent  investigs- 
ions,  that  tne  aggregate  income  of  the  people  of  the  United  Kingdom  may  be 
laced  at  about  1,750  millions,  and  the  aggregate  wealth  at  about  15,000  millions, 
'he  data  as  to  the  rest  of  the  empire  are  not  so  familiar,  but  the  aggregate 
leome  of  the  whole  empire  is  put  at  3,130  millions,  including  270  millions  for 
Canada,  210  millions  for  Australasia,  and  600  millions  for  India.  The  corre- 
ponding  capital  for  the  whole  empire  is  assumed  at  22,250  millions,  including 

^  Published  in  the  Journal  of  the  Jioyal  Siaiisiical  SocUty,  October  1903.  » 
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1,850  millioDS  for  C&nada,  1,100  millions  for  Au«tralaaU»  and  3^000  nafiaak 
India. 

Attention  is  next  caUed  to  the  report  of  a  Committee  of  the  Britiah  Ami- 
tion,  consisting  of  Professor  JeTons,  Mr.  Leone  Levi,  Mr.  Stephen  Bonna,  es 
others,  who  investigated  in  1881  and  1882  the  subject  of  the  actual  ezpeaditee  W 
the  people  of  the  United  Kingdom,  and  reported  to  the  mcetmgs of  the  Aflndttki 
at  Southampton  in  1881  and  Southport  m  1882.  In  their  fint  Teacni,  Mat 
with  a  total  of  878  millions  of  expenditure,  the  Oommtttee  expraned  the  opaa 
that  600,400,000/.,  or  66*9  per  cent.,  were  rnnt  on  food  and  draik;  147,8Q(WiQQL 
or  16*8  per  cent.,  on  drees;  121,700,000/.  on  'house/  in<^adiiig  homiep. 
furniture,  coal,  gas,  and  water ;  while  among  other  items  thexe  were  1*6  per  tm 
spent  on  tobacco,  1-3  per  cent,  on  education  (less  than  on  tobaoeo),  1*4  per  ok. 
on  '  Ohurch  *  (also  lees  than  on  tobacco),  0*6  per  cent,  on  *  lit^ratara,'  0-6  porert- 
on  newspapers,  and  0*7  per  cent  each  on  *  theatres  and  maaio-haUe '  aad  ^otks 
amusements.*    '    '        •       -  .<.    -        • 

surprising  to 

spend  naturally 

miscellaneous  and  what  may  be  called  the  hight 

less  proportionate  amounts  devoted  to  them. 

Applying  with  some  variation  the  principlee  and  methods  followed  taai! 
years  ago,  we  obtain  the  following  analysis  of  a  sum  of  1,886  nuUioas  expeaMt 
the  present  time : — 


1 .  Food  and  drink ' 

2.  Drees »        •  1 

8.  House 

4.  National  services  (exclusive  of  education)  i 
6.  Miscellaneous  (including  education) .  .  \ 
6.  Cost  of  distribution ^ 

Total 1386  100 

According  to  this  the  proportion  of  the  food-and -drink  bill  ia  appaieotlf  ^ 
than  in  the  report  of  the  Oommittee  of  1881 ;  but  this  is  largely  doe  to  a  diftnff 
in  the  mode  of  arranging  the  figures.  If  the  last  item  of  all,  the  coat  of  ifisbi^ 
tion,  were  spread  proportionally  over  the  earlier  items,  and  the  taxes  oo  ta 
sugar,  beer,  and  other  articles  were  also  included  with  them,  the  food-and-diB< 
bill  would  be  more  nearly  600  than  between  400  and  500  millions.  Anotis 
cause  of  the  chajige  is  the  fall  of  prices  since  1881.  GeneraUy  the  order  of  ^ 
items  of  expenditure  is  much  the  same  as  twenty  years  ago.  A.  similar  table  k 
the  whole  empire  would  show  some  variation,  as  a  poor  community  like  h^ 
spends  more  in  proportion  for  food,  while  the  self-governing  colcmiee  are  exec^ 
or  exempt  themselves,  from  defence  items,  which  constitute  a  large  part  of  tk 
expenditure  for  national  services  in  the  United  Kingdom. 

Discussing  the  question  of  what  expenditure  should  be,  the^^rs^  point  we  nk 
relates  to  the  food-and-drink  lull.  It  is  suggested  that  there  is  probahlv  ecoioiBk 
waste  in  some  directions,  especially  in  the  expenditure  by  the  artisan  and  wealthier 
clasRes  on  meat  and  alcohol ;  but  equally  there  are  large  numbers  of  the  pecflt 
insufficiently  fed,  though  we  may  not  accept  fuUy  the  recent  infereneee  cowmfflilj 
made  from  the  writings  of  Mr.  Eowntree  and  ]Vfr.  Charles  Booth.  Attentisi  '^ 
drawn  to  the  economic  gulf  separating  the  United  Kingdom  and  the  aM^ytni^ 
colonies  from  India  and  like  parts  of  the  empire  occupied  by  subject  races.  ^^ 
find  that  forty-two  millions  of  people  in  the  United  Kingdom  consume  in  food  tad 
drink  alone,  if  we  take  the  expenditure  at  the  retail  point,  an  amoont  equal  t»  tk 
whole  income  of  three  hundred  millions  of  people  in  India. 

A  second  point  raised  relates  to  the  expenditure  on  hounng.  Great  at  tb 
increase  of  this  item  has  been  since  the  report  of  twenty  years  ago    the  exp«^ 
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tiire  being  about  double  what  it  was,  with  an  increase  of  less  than  oneHfourth  in 
the  population — we  must  look  for  flirther  outlay  in  this  direction  as  the  wealth 
of  the  population  increases.  The  increase  of  expenditure,  it  is  to  be  feared,  has 
not  been  accompanied  by  an  eaual  increase  of  accommodation,  beb? due  in  part  tu 
a  rise  in  the  monopoly  value  oi  town  and  suburban  areas  and  an  Increase  in  the 
cost  of  building. 

A  third  point  raised  is  the  adequacy  of  the  amount  spent  on  army  and  navy 
services,  included  under  the  heading  of  '  national  services.'  While  the  sum  spent 
for  civil  government  (excluding  education),  though  large— about  114  millions — is 
allowed  to  be  in  all  probability  legitimate  for  the  most  part,  being  for  such 
purposes  as  post-office,  law  and  order,  sanitation,  and  the  like,  and  a  sign  rather 
of  the  advanced  condition  of  the  people,  it  is  suggested  (1)  tbat  the  sum  of  seventy 
millions  for  army  and  navy  may  be  insufficient,  and  (2)  that  the  amount  of  the 
proper  expenditure  for  these  purposes  is  not  really  a  matter  for  choice,  but  one  that 
must  be  decided  absolutely  by  expert  opinion.  The  burden  of  seventy  millions  is 
about  4  per  cent,  onlv  of  the  aggregate  income  of  the  people  of  the  United  Kingdom, 
and  0*4/  per  cent,  ot  their  wealth.  When  the  empire  is  surveyed  as  a  whole  it 
is  feared  that  the  only  sensible  addition  made  to  the  above  outlay  for  defence  is  by 
India,  which  spends  eighteen  millions  out  of  its  poverty,  the  remainder  of  the 
empire  not  spending  five  millions  altogether.  How  to  organise  properly  the  defence 
of  the  empire  as  a  whole  is  a  question  that  does  not  seem  to  have  l^n  taken  rightly 
in  hand  by  our  authorities,  who  insist  too  much  on  money  contributions  from  the 
difierent  parts  of  the  empire  to  a  distant  centre,  instead  of  addressing  themselves 
to  the  development  of  local  resources. 

The  kist  point  raised  is  as  to  the  sufficiency  of  the  expenditure  on  education — 
about  thirty  millions  only  in  the  United  Kingdom,  including  imperceptible  amounts 
for  scientific  investigation,  while  in  the  rest  of  the  empire  the  amounts  are  alto 
small,  the  Gt)vemment  expenditure  in  India,  for  instance,  beinff  about  two  milliona 
only.  The  United  Kingdom  ought  to  be  spending  ICiO  miSions  wher«  it  now 
spends  thirty.  Such  sums  are  not  really  extravagant.  Extensive  difiusion  of  edu- 
cation and  scientific  knowledge  and  training  are  not  only  essential  to  the  greater 
efficiency  of  labour  and  capital  by  which  the  means  of  living  are  providM,  but 
they  are  equally  needed  for  the  conduct  of  life  itself,  for  the  health  and  comfort 
of  the  workers,  their  freedom  from  debasing  superstitions  and  prejudices,  their 
capacity  to  enjoy  the  higher  pleasures,  and  their  ability  to  manage  all  common 
afiairs.  The  funds  to  meet  such  increased  expenditure  will  be  provided  easily 
enough  by  the  greater  energy  and  efficiency  of  labour  which  education  will 
develop,  and  by  the  abandonment  to  some  extent  of  the  present  national  ideas 
respecting  play.  India  and  the  like  parts  of  the  empire  should  also  receive  a 
corresponding  development.  Education  is  the  watchword,  and  should  be  the  first 
thought  in  our  minds. 

!^ally  a  suggestion  is  made  that  the  investigations  of  the  Committee  of  1881 
as  to  the  actual  objects  of  expenditure  should  be  resumed  and  continued. 


2.  Bep<yf*t  of  the  Committee  on  the  Economic  Effect  of  Legislation 
regulating  Women* 8  Labour, — See  Beports,  p.  315. 


3.  On  the  Bating  of  Land  Values.     By  J.  D.  Chorltok. 

The  amount  of  local  rates  and  also  tbe  rate  in  the  pound  have  rapidly  increased  in 
recent  years  owing  to  the  growth  of  population  and  the  development  of  urban 
communities.  At  the  same  time,  and  for  tne  same  reasons,  the  value  of  land  in 
towns  and  urban  districts  has  very  largely  increased,  and  in  some  cases  has  been 
multiplied  many  times  over.     Hence  toe  proposal  to  rate  land  values. 

The  minority  of  the  recent  Royal  Commission  on  Local  Taxation  recommended 
the  addition  or  a  eite-value  rate  to  our  present  system  of  rating.  The  result  will 
be  the  creation  gf  fi  graduated  eystem  of  rating,  properties  on  inore  valuably  siteo 
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pajing  a  Urfn  proportion  of  tbeir  value  in  rates  than  properties  in  lees  T&ltiaUe 
sites.  The  inciaence  of  the  present  rates  paid  in  respect  of  inhabited  houses  is 
just  AS  much  upon  occupier  as  if  the  same  amount  of  money  were  raised  by  a  local 
income  tax.  The  incidence  of  a  site-value  rate  will  be  upon  the  ownen  of  nte 
value.  The  best  method  of  collecting  the  rate  will  be  to  levy  it  upon  the  occapier, 
with  permisaon  to  him  to  deduct  it  or  part  of  it  from  his  ront. 

Present  contracts  ought  not  to  be  excepted,  but  the  holders  of  chief  rent  or 
perpetual  annuities  charged  on  land  ouj^ht  not  to  be  rated. 

The  rata  will  tend  to  fall  in  its  ca^utnlated  value  upon  those  persons  who  own 
the  land  at  the  date  of  the  imposition  of  the  rate.  The  rate  should  therefore 
oommenoe  at  a  small  figure. 

A  separate  valuation  of  land  and  buildings  is  possible,  and  its  cost  would  not 
be  excessive.  UncovorcKl  land  in  the  neighbourhood  of  large  towns  should  not  be 
taxed. 

4.  The  New  Labour  Party  in  iU  Economic  Aspect. 
By  H.  B.  Lkes  Smith,  M.A. 

History  of  the  new  Labour  party.  It  makes  a  compromise  between  tho  '  old ' 
and  the  '  new  *  tnuie  unionists.    The  two  main  points  at  issue : — 

(1)  The  older  school  distrusted  appeals  to  the  State,  but  the  younger  advocated 
a  somewhat  dogmatic  socialism. 

(2>  The  older  wished  to  act  with  the  Liberal  party,  while  the  younger  fought 
for  an  independent  Labour  party. 

The  now  party  was  called  into  existence  at  the  Plymouth  Trade  Union  Con- 
gress in  1899.  A  resolution  was  carried  that  a  conference  be  called  ^  to  devise 
ways  and  means  to  secure  the  return  of  an  increased  number  of  Labour  memben 
to  the  next  Parliament.*  This  led  to  the  formation  of  the  Labour  Kenresentation 
Committee.  At  first  the  older  school  held  aloof.  The  alarm  caused  by  Uie  Taff 
Vale  case,  however,  pushed  the  new  party  to  the  front.  Li  February  1903  the 
members  affiliated  to  the  Labour  Representation  Committee  numbered  861,150, 
an  increase  of  83  per  cent,  in  a  year. 

The  compromise  may  be  expressed  as  follows: — 

(1)  The  newer  school  do  not  insist  on  members  b^ng  pledged  to  any  socialist 
dogma. 

(2)  The  old  uniomsts  have  given  way  on  the  question  of  forming  an  inde* 
pendent  party. 

There  seems  to  be  little  doubt  that  collectivism  will  be  the  foundation  of  the 
social  f)oHcy  advocated  by  the  new  party.  By  what  kind  of  economic  reasoning 
will  this  collectivism  be  supported  P  The  danger  of  Marxist  theories  being  popu- 
larised. Pamphlets  and  speeches  by  Labour  leaders  show  that  this  is  by  no  means 
slight.  It  is  best  seen  by  an  outline  of  the  Marxist  system.  This  may  be  divided 
into  two  parts: — 

(1)  The  labour  value  theory.    Criticism. 

(2)  The  theory  of  surplus  value.    Criticism. 

Examples  are  adduced  showing  the  influence  of  these  doctrines  on  '  workshop 
economics.' 

5.  A  ContribiUion  to  the  Statistics  of  Prodiuition  and  Consumption 
of  the  United  Kingdom.    By  S.  Rosbnbaum,  B.Sc. 

An  examination  of  the  figures  relating  to  the  production  and  importation  and 
total  consumption  of  com  during  the  years  1872-1901  shows  the  following  facts : 
Wheat  land  in  the  United  Kingdom  has  gone  down  from  3^  to  below  2  million 
acres ;  barley  lai^d  from  2,600,000  apres  to  ^,1QO^OOO  acres ;  an4  oft^  land  from 
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1,190,000  to  4,140,000  acres.  The  estimated  yield  of  corn  has  in  the  same  period 
^ne  down  (by  quinquennial  averages)  from  1)7  to  68  million  bushels  in  the  case 
>f  wheat ;  from  82  to  66  million  bushels  in  the  case  of  barley  ;  and  the  yield  of 
>ats  has  risen  from  147  to  151  million  bushels. 

The  imports  have  in  the  same  period  gone  up  steadily  and  raj)idly ;  while  the 
amount  remaining  for  home  consumption  per  nead  of  population  has  steadily 
iiminished.  The  fall  in  the  case  of  wheat  amounts  to  an  equivalent  of  24  l6. 
>read  per  annum.    In  the  above  maize  has  not  been  included. 

Somewhat  similar  results  follow  an  examination  of  the  meat-supplies  of  the 
country .  The  consumption  of  beef  is  estimated  to  have  increased  from  680,000 
;o  750,000  tons ;  of  mutton  there  has  been  a  decrease  from  420,000  to  390,000 
^ns  J  while  pig  meats  have  remained  stationary  at  about  290,000  tons.  In  addi- 
ion  to  these,  imported  meats  have  increased  enormously.  The  consumption  per 
lead  of  all  kinds  of  meats  has  also  greatly  increased. 

The  yield  of  home-produced  buttar  and  cheese  has  not  increased.  Measured 
>y  the  consumption  per  head,  the  butter  (including  margarine)  consumed  has 
ncreased  from  11  lbs.  to  nearly  16  lbs.  per  annum,  wliile  the  cheese  has  re- 
uaiued  quite  stationary  at  13^  lb.  per  annum. 

Further  tables  are  given  relating  to  coal.  The  first  compares  the  growth  of 
he  production  of  the  principal  coal-countries  with  the  total  world's  production. 
The  second  compares  the  production  and  consumption,  total  and  per  head  of 
)opulation,  of  coal  irom  1872  to  1901.  The  third  gives  an  analysis  of  coal  con- 
lumption  for  the  prindpal  British  industries.  Further  tables  relating  to  pig  iron 
ind  wool  are  also  given,  and  the  whole  is  further  illustrated  by  charts. 


MONDAY,  SEPTEMBER  14. 

The  following  Papers  were  read ; — 

1.  The  Potentialities  of  Applied  Science  in  a  Garden  City, 
By  A.  R.  Sbnnett,  AM.Inst.C.E, 

The  author  drew  attention  to  the  economical  and  other  advantages  to  be 
lerived  from  careful  coalition  of  the  various  branches  of  science  involv^  in  the 
)uilding  up  of  a  modem  city,  in  the  case  of  such  being  reared  upon  terra  rmturaj 
ind  entirely  unhampered  by  considei*ations  of  prior  design  or  demolition.  lie 
K>inted  out  that  the  epoch  at  which  we  have  now  arrived  in  these  islands,  in 
*egard  to  the  existence  and  development  of  large  towns,  had  led  to  the  almost 
mtire  abandonment  of  hope  that  any  scheme  compassing  the  much  needed  '  return 
:o  the  land '  could  ever  now  be  consummated  ;  and  announced  that,  not  only  had 
luch  a  scheme  at  length  been  evolved,  but  that,  in  a  practicable  and  workable 
'brm,  it  is  at  once  to  be  put  to  experimental  test  upon  a  scale  amjply  sufficient  to 
lemonstrate  its  successful  working,  viz.  in  a  community  of  from  26,000  to  30,000 
nhabitants. 

He  attributed  the  inception  and  successful  maturation  of  the  scheme  to 
VIr.  Ebenezer  Howard.  The  basis  upon  which  it  was  founded  was  the  assump- 
tion that,  given  the  freehold  acquisition  of  a  site  of  sufficient  extent  and  at 
noderate  cost,  vested  in  trustees  in  the  interests  of  the  future  community,  the 
inancial  success  of  the  undertaking  can  be  assured — no  matter  to  what  magnitude 
t  may  eventually  be  carried — by  tne  reservation  for  the  benefit  of  the  community 
>f  the  increment  in  terrestrial  value  of  such  site  due  to  the  emplacement  thereon 
>f  a  dty  laid  out  upon  such  lines  that  overcrowding  is  an  impossibility,  pro- 
riding  for  the  allotment  per  capita  of  such  an  extent  of  ground  area  as  to  entitle 
:he  creation  to  the  cognomen  of  a  '  Garden  City/ 

The  coalition  of  public  works,  in  the  author*s  opinion,  was  prepoUent  to 
DToduce  pot  only  econopijc  results,  but  an  hygienic  city  free  from  amoke  and  fog.  . 
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To  tbe  ]atter  end  he  adyocmted  the  entire  suppression  of  the  oonsamption  of  solid 
fuel  and  the  subetitution  of  heating  by  means  of  a  cheap  non-illuminating  gas, 
both  for  domestic  fires  and  industrul  processes,  as  well  as  gas  produced  bj  the 
Mond  process  for  motive  power. 

To  enable  the  municipality  to  supply  heat,  light,  and  motive  power  at  the 
cheapest  rate,  the  production  uf  both  gas  and  electricity  should  be  vested  in  it, 
together  with  water-supply  and  the  supply  of  electricity  for  public  locomotioo. 

The  necessity  for  the  almost  incessant  breaking  up  of  the  streets,  pavements, 
and  roadways  of  large  towns  in  connection  with  the  various  supplies  and  services 
has  become  a  serious  hindrance  to  traffic  and  commerce,  and  in  this  regard  the 
author  advocated  the  universal  employment  of  subways  beneath  the  side- walks, 
and  illustrated  one  of  his  design,  which,  whilst  making  provision  for  the  running 
of  all  the  services,  such  as  gas,  water,  electric  light,  telegraphs,  telephones,  &c., 
and  their  inspection,  maintenance,  and  repair  from  below,  also  provided  a  means 
for  the  removal  of  sludge  without  the  necessity  for  tbe  employment  of  mud-carts. 

In  connection  with  this  and  the  watering  and  scavengenng  of  urban  tboroug-h> 
fares,  the  author  advocated  and  explained  a  new  form  of  roi^  section—  styled  an 
I  invert  road '—in  which  the  'crown'  is  discarded  in  favour  of  two  slightly 
inclined  planes  sloping/rom  the  kerbs  of  the  side-walks  and  meeting  in  a  con- 
tinuous grid  at  the  centre  of  the  roadway.  Such  a  contour,  he  contended, 
possessed  many  advantages,  among  them  that  the  use  of  watercarts  would  be 
rendered  unnecessary  by  the  employment  in  connection  with  them  of  hydraulic 
kerbs. 

In  connection  with  the  sanitation  of  the  city,  the  author  emphasised  the  im- 
portance of  devising  a  means  of  house-refuse  removal,  in  which  tbe  bins  should 
not  be  emptied  into  carts  in  the  public  highways,  and  explained  his  system,  in 
which  the  lids  are  not  lifted  from  the  time  the  bins  are  coUected  from  the  houses 
until  they  are  delivered  at  the  destructor,  the  transportation  being  effected  by 
means  of  a  specially  constructed  cellular  motor-waggon. 


2.  The  First  Ocvrden  City :  its  Economic  Results, 
By  Harold  E.  Moork,  F.S,I. 

Many  who  consider  ihvourably  the  proposals  of  Mr.  Howard  and  other 
speakers  on  '  Garden  Cities '  are  of  opinion  that  the  economic  difficulties  in  their 
foundation  are  insurmountable.  This  question  is  now  considered,  as  a  dte  has  been 
selected  for  the  first  of  such  cities. 

The  site  chosen,  which  will  be  in  the  possession  of  the  Garden  City  Company 
from  Michaelmas,  comprises  about  4,000  acres  coming  to  within  one  mile  or  the 
town  of  Hitchin  and  about  thirty-six  miles  from  London.  The  company  will 
doubtless  immediately  erect  a  railway  station  in  the  centre  of  the  estate,  two  and 
a  half  miles  from  Hitchin ;  make  roads,  giving  access  to  that  station ;  erect  and 
tit  a  brickworks ;  open  a  chalk-pit ;  equip  gravel-pits ;  and  do  other  work  whidi 
will  render  available  the  natural  resources  of  the  estate.  The  total  cost  will  then 
probably  be  about  180,000/.  This  will  be  an  average  of  about  30/.  an  acre  for 
the  agricultural  land,  excluding  the  buildings  and  accommodation  land  at  a  reason- 
able value.    Two  difierent  courses  of  procedure  will  then  be  possible. 

Tbe  first  method  is  to  lay  out  a  model  town  with  avenues  and  parks  and 
spend  large  capital  in  engineering  works  and  buildings.  It  is  suggestea  that  this 
procedure  would  result  in  failure.  It  would  necessitate  a  large  unproductive 
capital  expenditure,  cause  annual  expense  in  maintenance,  involve  serious 
financial  risks,  and  reduce  tbe  present  agricultural  rental  and  value. 

The  second  method  would  be  to  attract  residents  on  small  areas  by  ofilering 
sites  with  existing  frontages  at  a  rent  charge,  and  also  to  encourage  manuiactuters 
to  take  land  by  giving  tbem  sites  on  that  part  of  the  estate  suitable  for  manu- 
facturing purposes  on  condition  that  they  took  further  areas  at  a  rent-charge  for 
the  erection  of  cottages  for  their  workpeople.  These  cottages  to  be  erected  by 
the  pianufftcturer,  the  intending  occupier,  or  by  builders  who  conform  to  the 
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stipiilftted  *  Ghffden  Oitj '  regulations.  It  is  suggested  that  this  method  ^v^iU  con- 
fer all  the  advantages  claimed  for '  Garden  Cities '  with  satisfactory  economic 
results.  The  rent-charge,  even  in  respect  of  the  most  outlying  land,  would 
reasonably  be  not  less  than  double  the  agricultural  rental,  while  for  building  sites 
the  rent-charge  would  be  many  times  larger.  The  increased  value  secured  by  this 
greater  rental  without  risk  might  then  soon  justify  expenditure  of  capital  on 
various  town  developments  sud  improvements. 


3.  Physical  Degeneration  and  the  Poverty  Line, 
By  Mrs.  H.  Bosanquet. 

The  interest  which  has  been  aroused  in  the  physical  condition  of  the 
people  has  given  rise  to  alarming  statements  as  to  the  extent  and  cause  of  physical 
degeneration.  It  is  popularly  assumed  that  one-third  of  the  population  is  too  poor 
to  maintain  itself  in  physical  efficiency,  and  it  is  supposed  that  this  assumption  is 
justified  by  the  investigations  of  Mr.  Booth  and  Mr.  Rowntree. 

An  examination  of  their  work,  however,  shows  that  their  results  ^ply  only  to 
London  and  York,  and  that,  primd  facie^  there  is  a  great  discrepancy  between 
their  figures.    This  may  be  set  out  as  follows : — 

Mr.  Booth :  People  with  incomes  at  the  rate  of  21*.  or  less  for  a  moderate 
family,  80  per  cent,  of  the  population. 

Mr.  Rowntree:  People  with  incomes  at  the  rate  of  21 «.  %d,  or  lees  for  a 
moderate  family,  9*91  oi  the  population. 

It  appears,  further,  that  Mr.  Bowntree  brings  up  his  numbers  classed  below  the 
poverty  line  to  27*84  per  cent,  by  adding  17*98  per  cent,  who  are  living  in  appa- 
rent poverty,  althougb  their  incomes  are  sufficient  to  raise  them  alwve  it.  It 
seems  probable  that  Mr.  Booth's  30  per  cent,  also  includes  a  large  majority  whose 
condition  is  not  due  to  want  of  money. 

With  reference  to  physical  degeneration  the  evidence  from  recruiting  statistics 
is  hardly  enough  to  prove  degeneration  from  any  standard  previously  attained 
considering  the  abnormal  circumstances  under  which  recruiting  has  recently  been 
carried  on,  while  much  of  the  evidence  before  the  Scottish  Commission  goes  to 
show  a  decided  improvement.  Nevertheless  many  children  never  attain  their 
propel*  development,  and  are  greatly  in  want  of  better  care  and  feeding.  These  are 
mamly  the  children  living  in  secondary  {%,€,  apparent)  poverty  whose  parents 
have  the  means  to  nurture  them  properly,  but  are  too  ignorant  or  too  careless  to 
do  so.  The  evil,  being  not  mainly  due  to  poverty,  cannot  be  met  by  subsidising 
the  parents'  earnings;  nor  would  school  feeding,  whether  free  or  paid  for,  be 
sufficient  to  meet  all  the  needs  of  the  children.  They  can  only  be  met  ultimately 
by  educating  women  to  a  more  adequate  fulfilment  of  their  duties  as  wives  and 
mothers,  and  meanwhile  by  dealing  with  neglected  children  individually. 


4.  A  ComparUon  of  Exports  to  the  United  States,  European  Protective 
States,  and  our  Colonies.     By  B.  Ellikobr. 

This  paper  is  an  endeavour  to  answer  the  following  questions  put  by  Mr. 
Chamberlain  at  a  recent  meeting  of  the  Constitutional  Club: — 

la  it  a  fttct  that  the  exports  of  om*  manufactured  goods  to  our  Colonies  already 
exceed  the  total  exports  of  our  manufactured  goods  to  the  protected  States  of 
Europe  and  the  United  States  P  In  the  second  place  is  it  a  fact  that  our  exports 
to  those  protected  countries  are  continually  and  of  recent  years  rapidly  decreasing 
in  quantity,  deteriorating  in  their  profitable  character  P 

In  order  to  make  comparisons  I  have  divided  the  last  twenty  vears  into 
periods  of  five  years,  and  taxen  the  average  annual  export  over  each  such  period. 
I  have  excluded  Turkey  and  Hollsnd  as  not  being  protected  States,  and  I  have 
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excluded  Hong  Kong  and  Singapore  from  onr  Colonies  as  being  purelT  distribatiiig 
centres.  On  the  other  hand  I  have  included  with  our  Colonies  all  l&ritish  poseet- 
sions  except  British  India  and  Ceylon,  figures  for  which  are  Beparatelj  statcll. 

Our  exports  of  manufactured  goods  to  European  protected  States  and  the 
United  States  over  1898-1902  averaged  annually  30,000,000/.  more  than  our  exports 
to  our  Colonies,  being  84,000,000/.  agaiuBt  54,000,000/.  It  is  necessary  to  add 
our  exports  to  India  and  Ceylon,  d2,(X)0,000/.,  to  bring  the  total  up  to  that  of  oar 
exports  to  the  United  States  and  European  protected  States. 

Our  exports  of  manuHM^tured  goods  to  the  United  States  have  largely  decreased 
in  the  last  twenty  years,  from  an  average  of  24,800,000/.  in  the  years  1883-87  to 
an  average  of  17,700,000/.  in  the  years  1898-1902,  the  whole  decrease  being  nearly 
accounted  for  by  decrease  in  woollen  goods  and  metals. 

Our  exports  of  manufactured  goods  to  European  protected  States  show  a  sub- 
stantifd  increase  over  the  same  period  of  21 }  per  cent.,  while  France  shows  a  loss 
of  1,500,000/.,  Germany  shows  an  incresse  of  5,000,000/.,  and  onr  trade  to  Russit 
has  doubled  itself  from  3,800,000/.  to  7,600,000/.,  which  is  a  larger  figure  than  we 
can  show  for  our  average  annual  juqport  to  Canada  over  the  same  period,  as  is  also 
the  case  with  our  shipments  of  8,000,000/.  manufactured  goods  to  Belgium. 

Our  export  trade  to  British  India  has  only  increased  3  per  cent,  in  the  period 
under  review. 

Our  exports  of  manufactured  goods  to  all  Crown  Colonies  (except  Hong  Kong 
and  Singapore),  and  all  British  possessions  (except  India  and  (>eylon)  have  in* 
creased  by  2,000,000/.,  and  still  just  fall  short  of  our  exports  to  Russia. 

Our  trade  to  Cape  Colony  and  Natal  has  increased  enormously,  from  2,900,000/, 
to  10,500,000/. 

New  Zealand  shows  an  increase  of  1,500,000/. 

Australia  has  remained  stationary,  and  Canada,  in  sfrfte  of  the  preferential 
tariff  which  was  in  operation  during  the  whole  period  1898-1902,  shows  a  loss  of 
100,000/.  compared  with  the  figures  of  fifteen  to  twenty  years  ago. 


5.  llie  Commercial  Relations  between  Canada  and  Uie  United  Kingdom. 

By  F.  Bradshaw. 

After  an  historical  sketch  of  the  relations  between  Canada  and  U.S.A.,  and 
Canada  and  the  United  Kingdom,  which  led  to  the  preferential  tariff  of  1897, 
the  paper  attempts  to  indicate  why  the  preference  was  given — as  an  altematiye 
to  the  annexation  of  Canada  to  U.S.A. — and  the  value  of  the  preference.  From 
1890  onwards  the  rush  to  Manitoba  and  the  North-West  Territories  can  be  traced. 
Canada's  prosperity  depends  on  their  prosperity,  and  her  manufacturing  population 
cannot  consume  their  products.  Possible  markets  are  Great  Britain  and  U.SA. 
The  latter  country  is  fiist  reaching  a  stage  when  growth  of  population  must 
prevent  it  from  remaining  a  source  of  our  wheat  supply,  and  the  price  of  American 
wheat  will  rise  until  even  a  tariff  of  25  cents  a  busnel  cannot  keep  out  Canadian 
wheat.  The  St.  Lawrence  navigation  is  the  crux  of  the  question.  The  canak 
could  be  easily  improved  till  the  cost  of  transporting  a  bushel  of  wheat  from 
Port  Arthur  to  Liverpool  is  only  12  cents  the  bushel  of  60  lb.  If  a  preference  to 
Canadian  wheat  is  given,  the  improvement  will  take  place  before  the  American 
demand  arises.  If  the  American  demand  arises  first,  the  improvement  wDl  never 
take  place,  as  the  American  market  will  be  the  more  profitable.  Hence  the  price 
of  wheat  here  will  rise  and  remain  hi(^h.  Probably  a  2«.,  or  even  a  4f.,  duty  on 
foreign  wheat  would  not  raise  the  price  in  England,  as  the  margin  of  profit 
retained  by  the  American  grower  is  too  large,  and  he  would  fear  to  face  the 
competition  of  Canadian  wheat. 

The  preference  is  valuable  to  us  because  it  has  checked  the  decline  in  British 
exports  to  Canada,  and  has  actually  increased  their  value.  The  United  States 
have  apparently  secured  a  larger  increase  than  we  have  since  1897 ;  but  the  increase 
is  in  goods,  which,  being  natural  products  or  raw  materials  for  manufactures,  do 
not  pay  duty ;  50  per  cent,  of  U.S. A.  imports  into  Canada  are  duty  free,  as 
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compared  with  20  per  cent,  of  imports  from  Great  Britain.  As  to  duty-paying 
^oods,  )^3|000,000  represents  roughly  the  value  of  the  preference  to  Great  Bntain 
in  1902  if  we  consider  the  amount  of  duty  paid  by  Great  Britain  and  U.S.A. 
respectively  in  relation  to  the  value  of  the  total  duty-paying  imports.  The 
increase  in  the  value  of  British  exports  to  Canada  since  1898  has  been  11*5  per 
cent.,  and  this  relates  to  goods  under  the  preferential  tariff  only.  Although  the 
United  States  have  an  excess  of  ,^25,000,000  over  us  in  exports  to  Canada,  yet  this 
can  be  accounted  for  almost  to  the  last  dollar  by  articles  in  which  we  do  not 
compete  to  any  great  extent,  because  we  cannot.  But  to  our  shame  be  it  said 
that  iJJl 3,000,000  represents  the  excess  of  iron  and  steel  exports,  and  yet  our 
figures  for  1902  are  an  increase  of  100  per  cent,  on  those  of  1901.  The  preference 
cluefly  affects  textiles,  and  here,  despite  the  Dingley  tariff,  we  beat  the  Americans 
easily.  We  have  driven  them  out  of  the  woollen  market,  and  even  in  cottons 
we  have  an  overwhelming  preponderance.  Silk  and  linen  goods  tell  the  same  tale. 
In  one  market  at  least  we  have  beaten  a  protectionist  nation,  but  we  have  opposed 
to  the  Dingley  tariff,  not  free  imports,  but  a  preference  of  33^  per  cent.  If  the 
preference  is  withdrawn  we  cannot  hope  to  retain  our  advantage,  or  even  a  footing, 
in  the  Canadian  market.  

6.  Some  Economic  Aspects  of  the  Englieh  Colour  Industries* 

By  F.  EVEBSHED. 

The  exceptional  progress  of  Germany  in  the  coal-tar  industries,  much  more 
rapid  than  her  general  industrial  progress,  has  given  the  impression  that  the 
English  aniline-dye  trade  is  not  only  much  smaller  and  less  profitable,  both  of 
which  are  true,  but  is  actually  disappearing.  The  statement  is  sometimes  enlarged 
from  dyes  to  colour,  and  even  to  chemicals  generally. 

The  facts  are  that  our  annual  export  of  chemicals  increased  from  7,639,000/. 
in  1880-1884  to  8,829,000/.  in  1897-1901  and  0,687,000/.  in  1902.  Germany's 
export  is  greater,  but  only  in  proportion  to  her  larger  population.  Her  annual 
rate  of  increase,  however,  is  greater  than  ours. 

Our  annual  export  of  painters*  colours  and  materials  increased  from  1,256,000/. 
in  1880-1884  to  1,836,000/.  in  1897-1901. 

The  figures  for  coal-tar  dves,  averaging  231,000/.  in  1882-1902,  show  a 
decline  since  the  beginning  of  the  period,  but  the  trade  has  apparently  been 
stationary  in  value  for  the  last  five  years.  The  figures,  however,  are  untrust- 
worthy owing  to  many  sources  of  error.  Translated  from  values  to  quantities 
they  show  a  large  increase.  Prices  have  fallen  40  per  cent,  in  the  last  decade. 
The  industry  apparently  needs  a  higher  standard  of  engineering,  chemical,  and 
business  ability,  and  in  some  factories  attempts  are  being  made  to  supply  this. 
The  German  annual  export  has  grown  from  2,500,000/.  in  1882-1888  to  over 
4,000,000/.  in  1896-1902. 

The  question  of  the  amount  of  the  loss  we  have  sustained  byaUowing  Germany 
to  appropriate  the  bulk  of  the  coal-tar  industries,  estimated  to  produce  10,000,000/. 
annually,  is  discussed.  The  loss  must  be  placed  at  a  fraction  of  that  sum,  repre- 
c^enting  the  difference  between  it  and  the  annual  value  now  being  produced  by  the 
English  labour  and  capital  which  would  have  been  diverted  to  the  production  of 
dyes,  scents,  and  medicines. 

Similarly  the  annual  loss  to  India  by  the  threatened  destruction  of  her  indigo 
industry  by  Germany  will  be  the  difference  between  the  value  of  Indian  indigo, 
3,000,600/.,  and  the  value  of  the  sugar  and  oil  which  will  be  produced  on  the 
same  lands  with  the  same  labour.  The  loss  in  this  case,  as  in  the  other,  is  much 
less  than  is  commonly  supposed. 

In  other  cases  where  certain  industries  are  appropriated  by  foreign  countries 
there  need  be  no  loss  at  all,  since  employment  and  profit  do  not  depend  on  a 
multiplicity  of  different  occupations,  but  on  the  most  efficient  employment  of  a 
limited  quantity  of  capital  aiKi  skill,  to  obtain  the  highest  retuiDs  by  exchange  in 
the  worlas  market. 
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TUESDAY,  8EPTEMBEM  16. 
The  following  Papers  were  read  : — 

1.  Statistical  Methods  and  tlie  Fiscal  CofUroverty,^ 
By  A.  L.  BowLET,  M,A. 

Much  of  the  present  confusion  is  due  to  erroneous  uses  of  statistics  in  argu- 
ment.   The  fault  is  as  often  in  logical  method  as  in  the  statistics  themselyea. 

L  figures  are  taken  for  one  year  without  reference  to  the  series  which  precede 
tbem.  Every  series  has  its  own  characteristics  of  '  trend '  and  '  fluctuation ' ;  tlie 
effect  of  a  particular  event  («.y.  the  alteration  of  a  tax)  cannot  he  deteilnined 
without  reference  to  these,  and  very  often  cannot  be  determined  at  alL 

ii.  Figures  relating  to  quantities,  which  are  not  similar,  are  added,  and  the 
total  used  as  if  it  were  homogeneous ;  e^.  the  values  of  imports  and  exports  an 
added  together. 

iii.  Tne  distinction  between  value  and  quantity  in  trade  statistics  ia  ignored; 
values  are  generally  used,  while  quantity  is  ultimately  the  more  important.  Pro- 
gress may  often  be  shown  only  by  increased  quantity,  while  value  is  stationary. 

iv.  The  measurement  of  aecoracy  is  generally  ignored.  Accurate  and  in- 
accurate estimates  are  added  or  multiplied,  and  the  sum  or  product  treated  w 
representing  an  ascertAined  fact.  No  sum  or  product  is  knovm  exactly,  bat  only  is 
correct  to  1, 10,  or  50  per  cent.  Partisan  writers  by  adding  different  estimates 
which  are  mere  guesses  to  quantities  accurately  known  produce  opposite  results. 

V.  In  the  same  way  a  measurement  of  the  change  of  a  part  is  taken  as  an 
adequate  measurement  of  that  of  a  whole.  To  test  this  it  is  necessary  to  deter- 
mine d  priori  what  quantity  should  be  measured,  and  then  (by  the  criteria  of 
accuracy)  to  determine  what  percentage  error  is  involved  by  only  measuriiig  part 
Thus  home  produce  and  exports  must  not  be  separated  when  productive  progress 
is  in  question ;  and  productive  progress  is  not  a  sufficient  measure  of  genenl 
prosperity.  In  default  of  complete  measurement  partial  indexes  are  used,  which 
easily  lend  themselves  to  personal  bias.  A  method  of  testing  the  growth  of 
national  prosperity  is  suggested. 

vi.  Statistics,  even  when  accurate,  are  constantly  made  to  support  conclusions 
which  have  no  logical  connection  with  them. 

This  analysis  suggests  certain  rules  for  criticism  and  subjects  for  statistical 
inquiry. 

2.  The  Failure  of  Free  Traders  to  Attain  their  Ideals. 
By  W.  Cunningham,  D,D. 

This  paper  regards  the  fiscal  question  as  primarily  economic ;  there  is  no  reason 
to  believe  that  a  change  of  policy  would  create  new  posirive  ties  between  the 
different  parts  of  the  Empire.  The  paper  also  assumes  universal  free  trade  as  the 
ultimate  aim,  but  discusses  why  there  has  been  so  little  success  in  realising  it,  and 
how  it  may  be  attained.  (1)  It  appears  from  the  views  of  Jefferson  and  HamiltoD 
that  there  was  every  prospect  that  the  United  States  would  have  developed  as  a 
free  trade  country,  and  the  policy  of  Pitt  would  have  favoured  this.  But  Fox 
and  the  English  shipowners  forced  the  United  States  to  become  protectionists  io 
self-defence.  (2)  Gobden's  anticipations  that  other  countries  would  follow  our 
example  and  adopt  free  trade  have  been  falsified,  as  each  politicaUy  distinct 
nation  has  preferr^  to  develop  an  independent  and  all-round  economic  life,  so  £tf 
as  possible,  and  the  colonies  are  inclined  to  pursue  a  similar  course. 

There  is  a  real  economic  danger  to  England  as  a  manufacturing  community,  as 
she  is  being  increasingly  cut  off*  from  the  opportunity  of  purchasing  raw  materials 
(e.g.  cotton)  and  food  {e.g,  com).     An  increased  cotton-supply  from  our  colonies 

^  Publi&hed  in  the  JfcoMomiCjIwd^rm^.^pt^mhex  1903. 
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might  perhaps  be  obtained  by  granting  bounties^  but  a  proper  food-supply  could 
be  developed  by  taxins:  the  wheat  of  countries  which  do  not  receive  our  manu- 
factureS;  and  thus  giving  a  preference  to  those  which  do.  This  might  lead  to  a 
temporary  and  slight  rise  of  price,  but  it  would  give  a  stimulus  to  the  production 
of  corn  in  non-hostile  countries,  and  there  is  reason  to  believe  that  it  would  help 
to  break  down  the  highly  artificial  protective  system  in  America. 

Such  retaliation  is  urgently  desirable  on  political  grounds,  as  the  persistence  in 
la%9set^faire  tends  to  the  disintegration  of  tne  Empire,  and  puts  a  special  strain 
upon  the  loyalty  of  Canadians. 

The  manifesto  of  economic  experts  appeared  to  appeal  to  the  principle  of  free 
trade  in  an  illegitimate  manner,  and  to  ta&e  for  granted  that  an  economic  pr^ciple 
which  is  framed  on  the  assumption  that  all  political  considerations  are  neglected, 
also  holds  good  in  all  political  conditions  alike.  It  is  not  a  question  of  economic 
principle,  but  of  laissez-faire  temperament ;  the  issue  is  between  haphazard  drifting 
and  intelligent  supervision.  We  need  an  Imperial  Council  of  Trade,  of  an  advisory 
character,  to  work  actively  for  the  introduction  of  universal  free  trade,  in  order 
to  preserve  the  prosperity  of  this  manufi^cturing  community,  and  to  introduce  a 
wise  division  of  employment  throughout  the  British  Empire. 


3.   What  is  Success  in  Foreign  Trade  ?    By  Edwik  Cannan,  M,A.,  LL,D. 

The  object  of  foreign  trade  is  to  enable  the  people  of  a  countiy  to  get  income 
easier  than  they  could  without  it.  A  country  is  not  successful  in  foreign  trade 
when  this  object  is  most  fuUy  attained. 

It  is  commonly  imagined  that  relative  success  in  foreign  trade  can  be  measured 
in  some  way  or  other  by  comparison  of  the  import  and  export  statistics  published 
by  various  Qovemmente,  good,  bad,  and  indifferent.  But  these  statistics  are  often 
totally  untrustworthy  for  anv  purpose  except  that  of  indicating  fluctuations  over 
short  periods  of  time,  and  if  they  were  trustworthy  they  would  not  give  us  the 
mere  trade  of  the  various  countries,  but  only  their  external  receipts  and  payments. 
Their  receipts  and  payments  include  investments  and  repayments  of  capital  and 
interest  on  capital  invested  in  a  country  different  from  that  in  which  the  owner  of 
the  capital  resides.  Payments  on  account  of  these  items  constantly  quite  obscure 
those  which  are  made  on  account  of  trade  proper,  the  exchanging  of  goods  for 
goods.  Further,  even  if  we  had  to  deal  only  with  countries  whidi  had  no  receipts 
or  payments  except  representing  the  immediate  exchange  of  goods  for  goods,  and 
if  the  statistics  were  perfectly  accurate,  we  could  not  judge  of  the  success  of 
different  policies  by  any  amount  of  consideration  of  the  import  and  export  figures. 
A  country's  success  in  foreign  trade  cannot  be  measured  by  the  magnitude  of  its 
exports,  or  by  the  magnitude  of  its  imports,  or  by  the  magnitude  of  the  sum  of  its 
imports  and  exports,  or  by  the  magnitude  of  the  difference  between  them,  whether 
considered  absolutely  or  in  relation  to  area  population  or  any  other  condition  that 
can  be  suggested.  Success  is  attained  when  the  right  things  are  imported  and  the 
right  things  exported,  and  import  and  export  figures  do  not  and  cannot  tell  us  how 
far  that  is  the  case. 

Free  traders  say  that,  as  things  are,  the  right  things  are  most  likely  to  be 
imported  and  exported  if  the  Government  abstains  from  exerting  innuences 
against  the  importation  or  exportation  of  particular  goods.  The  protectionists 
agree  in  saying  that  Governments,  whether  democratic  or  autocratic,  pure  or 
corrupt,  ignorant  or  enlightened,  will  decide  the  question  what  should  be  exported 
or  imported  better  at  all  times  and  places  than  private  interest ;  but  they  give 
difierent  and  often  entirely  contradictory  reasons  for  their  belief  at  different  times 
and  places. 
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Section  G.— ENGINEERING. 
President  of  the  Section — Charles  Hawksley,  M.Inst.C.E. 


THURSDAY,  SEPTEMBER  10. 

The  President  delivered  the  foUowbg  Address : — 

Since  the  last  meeting  of  the  British  Association  there  has  passed  from  our  midst, 
to  the  deep  regret  of  all  who  had  the  privilege  of  knowing  him,  one  who,  thougli 
full  of  years,  actively  followed  his  profession  as  a  Civil  Engineer  until  within  a 
few  days  of  his  death.  I  refer  to  Mr.  Edward  Woods,  who  presided  o?er 
Section  G  of  the  British  Association  at  Plymouth  in  1877.  Mr.  Woods  com- 
menced his  professional  career  on  the  Liverpool  and  Manchester  Railway  soon  after 
It  was  opened  for  traffic.  In  1875  Mr.  Woods  was  invited  by  the  Royal  Com- 
mission on  Railway  Accidents  to  undertake,  in  conjunction  with  Colonel  Inglu, 
U.K.,  an  exhaustive  series  of  trials  o(  the  different  kmds  of  railway  brakes  then  in 
use  in  England,  the  results  of  which  were  recorded  in  an  elaborate  and  valuaUe 
report  These  trials  were  referred  to  by  Mr.  Woods  in  his  address  as  President  of 
nation  G.  Mr.  Woods  was  President  of  the  Institution  of  Civil  Engineers  is 
1886-1887,  and  he  died  on  the  14th  June,  1908^  at  the  ripe  age  of  eighty-nine. 

Technical  Education. 

The  subject  of  the  technical  education  of  engineers  was  treated  very  fully  in 
the  interesting  address  delivered  bv  Professor  Perry,  as  President  of  Section  G  at 
the  meeting  of  the  British  Association  in  Belfast  last  year.  This  question  tlao 
received  thorough  consideration  at  the  meeting  of  the  Engineering  Confereooe 
held  in  London  in  June  last,  as  well  as  at  recent  meetings  of  the  Institutios 
of  Mechanical  Engineers  and  of  the  Institute  of  Naval  Architects.  The  systems 
in  vogue  in  the  United  States  of  America  and  on  the  Continent  of  Europe  were 
on  those  occasions  brought  forward  in  carefully  prepared  papers  and  fiUly  dis- 
cussed. The  main  points  at  issue  are:  (1)  whether  actual  nandicraft  should  ^ 
taught  in  the  Technological  School  or  College  along  with  the  principles  underlying 
the  Engineers'  art ;  (2^  whether  the  year  should  to  divided  into  periods  in  one  or 
more  of  which  the  science  of  engineering  should  be  taught,  and  in  another  or 
others  of  which  craft  skill  phould  be  acquired  at  works ;  (3)  whether  the  piin- 
ciples  should  be  first  acquired,  during  a  longer  or  shorter  term,  leaving  experience 
in  applying  those  principles  to  be  gained  at  the  termination  of  the  course.  A£ 
regards  the  first  of  these  suggestions  it  appears  to  be  in  opposition  to  the  jodg- 
ment  of  the  most  experien^  teachers.  In  respect  to  the  second,  the  AdminJtr 
have  carried  it  out  for  the  last  fortv  years,  and  with  satisfaction  to  the  Service; 
it  is  also  common  in  Glasgow,  acd  Mr.  Yarrow  has  included  this  system  in  the 
apprenticeship  rules  he  has  recently  laid  down,  whilst  it  is  to  be  tried  expenmept- 
ally  in  the  Engineering  Course  at  King's  College,  London.  At  the  Engineering 
Conference  it  was  determined  that  the  subject  was  of  such  importance  tbit 
its  f\irther  consideration  should  be  left  to  a  Committee,  to  be  subseqnenUj 
appointed. 
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Since  the  British  Association  last  met  in  Lancashire  (in  1806)  there  have  heen 
important  events  and  changes  in  the  chief  technical  institutions  of  the  county. 
First,  there  were  last  year  the  Juhilee  celehrations  of  Owens  Oollege,  Manchester, 
when  it  received  congratulations  on  its  half-centurj  of  work  from  universities  and 
learned  societies  in  all  parts  of  the  world.  Here,  as  I  need  hardly  remind  you, 
the  engineering  laboratory  is  under  the  able  direction  of  Pio^ssor  Osboi-ne 
Reynolds,  F.R.S.,  who  presided  over  Section  G  of  the  British  Association  at  their 
Meeting  in  Manchester  m  1887.  Then,  also  in  Manchester,  there  is  the  recently 
completed  and  admirable  Municipal  School  of  Technology ;  but  as  a  paper  will  be 
read  on  this  subject,  and  members  will  have  an  opportunity  of  visiting  the  school 
and  inspecting  its  engineering  laboratory,  I  will  content  myself  with  wishing  it 
every  success  in  the  manifold  tields  of  industrial  education  in  which  it  is  engaged. 
A^m,  only  this  year  Victoria  University  has  lost  a  College,  and  Liverpool  has 
gamed  a  University.  At  University  College,  Liverpool,  in  the  Session  of  1884-5, 
a  Professorship  of  Engineering  was  instituted  as  a  provisional  measure.  The 
erection  of  engineering  laboratories  and  the  endowment  of  the  Chair  were  after- 
wards provided  for  by  gifts  in  commemoration  of  the  Jubilee  year  of  the  reign  of 
Her  late  Majesty,  Queen  Victoria.  Professor  H.  S.  Hele-Shaw,  F.R.S.,  was 
appointed  to  ike  Chair  in  the  first  instance,  a  position  which  he  still  continues  to 
hold. 

This  year  a  Royal  Charter  has  been  granted  establishing  the  University  of 
Liverpool,  and  transferring  to  it  the  powers  of  University  CoUe^,  Liverpool. 
I  thinK  one  cannot  ofier  to  the  University  of  Liverpool  a  heartier  wish  than  that 
it  may  be  as  successful  in  the  future  as  University  College,  Liverpool,  has  been 
in  the  past,  a  wish  in  which  I  am  sure  you  will  all  join. 

There  is  yet  one  other  college  to  which,  though  not  in  Lancashire,  I  should 
like  to  make  a  passing  reference,  the  first  to  include  engineering  in  its  educa- 
tional curriculum,  viz..  University  College,  London.  It  was  originally  founded 
in  1828  under  the  name  of  the  'University  of  London/  and  has  recently, 
together  with  King's  College,  become  merged  in  the  present  University  of 
London.  The  first  engineering  laboratory  was  established  at  University  College 
in  1878,  fifty  years  after  the  inauguration  of  the  college,  whilst  a  separate  chair 
for  electrical  engineering  was  founded  in  1885,  and  an  electrical  laboratory  was 
added  ten  years  ago.  One  cannot  say  farewell  to  it  as  it  used  to  be  without 
mentioning  the  name  of  Dr.  B.  W.  Kennedy,  F.R.S.,  who  was  President  of  this 
Section  of  the  British  Association  in  1804  at  Oxford,  and  who  has  done  so  much 
for  engineering  education. 

Before  leaving  the  subject  of  technical  education,  I  venture  to  express  the 
hope  that  in  the  training  of  engineering  students  increased  attention  will  be  paid 
to  the  combination  of  artistic  merit  with  excellence  of  structural  design,  so  that 
in  resnect  to'  artistic  treatment  our  engineering  structures  may  not  remain  so  far 
behina  those  of  our  Continental  brethren  as  is  unfortunately  now  frequently  the 


Engifuering  Standards. 

A  very  important  work  has  been  going  on  quietly  and  unostentatiously  in  our 
midst  for  some  time  past,  the  results  of  which  must  afiect  the  engineering  pro- 
fession at  home  and  abroad.  I  refer  to  the  work  of  the  Engineering  Standards 
Committee,  which  as  many  of  my  hearers  know,  was  appointed  in  1001  and  is 
now  composed  of  178  members,  among  whom  are  many  Government  officials.  I 
alluded  to  the  earlier  work  of  this  Committee  in  my  Presidential  Address  to  the 
Institution  of  Civil  Engineers  in  1001,  and  that  work  has  since  been  gradually  but 
surely  extended.  The  Committee  has  received  not  only  the  moral  but  the  financial 
support  of  His  Majesty's  Government,  and  the  results  of  its  labours  are  being 
adopted  by  all  the  leading  Government  departments. 

In  addition  to  the  main  Committee  there  are  no  fewer  than  twenty-five  separate 
committees  and  sub-committees  engaged  on  work,  covering  a  wide  range  of  opera'> 
tions,  many  of  the  members  sitting  on  more  than  one  committeei 
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A  few  details  of  the  work  accomplished  and  in  progress  maj  be  of  iitewt. 
After  careful  deliberation  the  Oommittee  pablished  their  first  series  of  fiiitiik 
standards  sections,  covering  all  rolled  steel  sections  used  in  eonstmetioBal  wA, 
shipbuildiag  and  so  forth.  The  Oommittee  on  Rails  has  just  issued  thestudii^ 
sections  and  specification  for  British  girder  tramway  rails,  and  it  is  now  aetivelT 
engaged  in  drawing  up  a  series  of  standard  sections  of  bull-rheaded  lod  ^• 
bottomed  rails  for  railway  work. 

Another  committee  of  a  thoroughly  representative  character  is  oeeupiri  a 
drawing  up  a  standard  specification  and  standard  test^  for  cement,  and  a  stindd 
specification  drawn  up  by  so  large  a  body  of  our  leading  engineers,  eontisctar!. 
and  manufacturers  must  be  of  great  interesit  to  all  those  who  are  called  on  k 
specify  tests  for  this  material. 

The  Government  of  India  control  to  a  very  considerable  extent  the  workinf  af 
railways  in  India,  and  they  have  referred  to  the  Standards  Committee  the  ia- 
portant  question  of  drawing  up  a  series  df  standard  types  of  locomotives  lor  u 
on  the  Indian  railways.  The  Committee  which  investigated  this  difficult  so^ 
has  just  forwarded  its  report  to  the  Secretary  of  State  for  India.  Other  eoa- 
mittees  are  preparing  standard  specifications  for  locomotive  copper  fire-box  pto 
and  steel  boiler  plates,  which  it  is  hoped  will  be  published  at  an  early  date. 

The  subject  of  screw-threads  is  one  which  has  occupied  a  Committee  of  t^ 
British  Association  for  some  years  past,  and  I  am  glad  to  learn  that  the  OofflinittK 
of  this  Association  has  been  co-operating  with  the  Standards  Committee  aodi^' 
cussing  the  question  of  screw-threads  of  both  smaller  and  larger  diameten,  ib^ 
also  considering  the  cognate  subject  of  limit  gauges  so  essential  to  all  toeotii 
work  in  mechanical  engineerinfr. 

Another  Committee  is  dealing  with  standard  flanges,  and  I  andentani  it » 
shortly  proposed  to  consider  the  standardisation  of  oast-iron  pipes. 

A  very  large  and  influential  Committee  is  engaged  on  the  subject  of  tk 
materials  used  in  the  construction  of  ships  and  their  machinery,  and  most  vsl*^ 
information  is  being  collected  with  a  view  to  the  preparation  of  a  standard  ipeJ- 
cation  for  steel  and  to  the  determination  of  forms  for  standard  test^pieoes  to  k 
used  when  testing  plates,  forgings,  castings,  and  so  forth. 

There  are  about  half  a  doien  committees  engaged  on  Tarious  importiol 
electrical  subjects,  but  as  their  work  will  no  doubt  be  referred  to  in  saoihB 
Section  of  this  Association,  I  do  not  propose  to  make  further  reference  to  it  ha^ 

In  my  Presidential  Address  before  the  Institution  of  Civil  Engineen  in  1901. 
I  raised  a  note  of  warning  in  regard  to  the  stereotyping  of  design  and  the  coii^ 
quent  cramping  of  originality.  The  constitution  of  the  Standards  Committee  ui 
the  professional  standing  of  its  members  affords  a  guarantee  that  its  woik  ^ 
accord  with  the  best  practice  of  this  country,  since  those  engaged  in  drawiaf  ^ 
the  standards  are  not  only  in  the  forefront  of  engineering  practice,  but  are  alinft 
the  necessity  for  extending  the  number  of  standards  if  and  when  needed  to  b^ 
the  requirements  of  the  engineer. 

Natumdl  Physical  Laboratory, 

An  outline  scheme  for  a  National  Physical  Laboratory  was  set  forth  in  1^1' 
by  Sir  (then  Ur.)  Oliver  Lodge,  F.R.S.,  in  his  Address  at  Cardiff"  to  Section  A  of  *> 
British  Association.  In  his  Presidential  Address  to  this  Association  in  1895  >^ 
Ipswich,  the  late  Sir  Douglas  Galton,  F.R.S.,  emphasised  the  importance  of  sudm 
Institution,  a  Committee  of  this  Association  reported  in  favour  of  it,  and  Iii^ 
when  after  forwarding  a  petition  to  the  late  Lord  Salisbury,  a  Treasury  Coiniiiitta 
with  Lord  Rayleigh,  F.K.S.,  in  the  Chair  was  formed,  Sir  Douglas  Galton  g>T« 
evidence  to  the  effect  that  if  Great  Britain  was  to  retain  its  industrial  sapraDSCjt 
we  must  have  accurate  standards  available  to  our  research  students  sod  to  oar 
manufacturers. 

In  1901  the  National  Physical  Laboratory  was  inaugurated  at  Bodiy  House, 
near  Teddingtoo,  and  an  annual  grant  of  4,000/.  towards  its  support  was  n>*^^V 
Government.    It  is  divided  into  tnree  departments,  of  which  the  one  dealing  viti 
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all  branohes  of  Ciyil,  Mechanical,  and  Electrical  Engineering  is  chiefly  interesting 
to  us  in  Section  G.  In  this  department  tests  are  now  undertaken  of  the  strength' 
of  materials  of  construction,  of  pressure  and  Tacuum  gauges,  of  indicators  and 
indicator  springs,  and  of  length  gauges  and  screw  ^uges,  and  photomioroBCOpie 
inyestigation  is  made  of  metals  and  alloys,  and  especially  of  steel  rails. 

But  beside  the  ordinary  work  of  testing,  various  investigations  are  in  progress, 
such  as  measurement  of  wind  pressure,  elastic  fatigue  in  nickel  steel  and  other 
materials  used  by  engineers,  and  the  magnetic  and  mechanical  properties  of 
aluminium-iron  and  other  alloys.  For  the  British  Association  a  set  of  platinum 
thermometers  has  been  constructed  and  subjected  to  stringent  test«,  and  an 
investigation  has  been  undertaken  for  the  Engineering  Standards  Committee  into 
,  the  changes  in  insulating  strength  of  various  dielectrics  used  in  motors,  trans- 
formers, &c.,  due  to  continued  heating.  In  the  language  of  Br.  Glazebrook,  F.R.S., 
the  Director,  who  it  may  be  mentioned  was  previously  Principal  of  University 
College,  Liverpool,  science  is  not  yet  regarded  as  a  commercial  factor  in  this 
country,  but  it  is  one  of  the  aims  of  the  National  Physical  Laboratory  to  bring 
about  the  alliance  of  science  with  commerce  and  industry.  The  expenditure  of 
the  National  Physical  Laboratory  is  met  by  an  annual  Treasury  grant  of  4,000/. ; 
500/.  a  year  from  an  endowment ;  fees  for  tests,  now  amounting  to  about  8,600/. 
annually ;  and  from  donations  and  subscriptions. 

The  Director  is  anxious  that  the  revenue  derived  from  fees  for  testing  should 
be  largely  augmented,  and  I  would  urge  on  engineers,  contractors  and  manu-  . 
facturers,  as  well  as  on  private  individuals,  that  they  should  avail  themselves  of 
the  opportunity  to  have  tests  and  experiments  of  interest  to  them,  and  wluch  will 
be  generally  accepted  as  unimpeachable,  conducted  at  this  laboratory:  I  may  add 
that  an  appeal  has  been  made  for  further  donations  and  annual  contributions,  as 
the  funds  now  at  the  disposal  of  the  Board  of  Management  are  insufficient  to  carry 
on  the  work  of  the  laboratory  on  a  sound  flnancicd  basis,  and  I  venture  to  hope 
that  many  of  those  who  are  interested  in  the  practical  applications  of  science  will 
assist  in  supporting  the  work  of  this  national  institution. 

Intercommunication, 
General  Progress, 

At  the  commencement  oi  the  nineteenth  century,  Southport,  which  now  has 
its  parks,  a  promenade,  and  a  pier  over  three-quarters  of  a  mile  in  length,  its  halls, 
free  library,  art  gallery  and  science  and  art  schools,  and  railway  connection 
with  all  parts  of  the  kingdom*  was  not  even  to  be  found  on  the  maps,  the  first 
house  having  been  erected  in  the  year  1792.  In  1S51  the  population  of  Southport 
and  the  adjoining  place  BirkdaJe  was  5,890,  whereas  at  the  census  of  1901, 
Southport  had  a  population  of  48,083  and  Birkdale  14,197,  together  62,280.  Here 
is  evidence  of  great  local  enterprise,  resulting  in  a  development  of  which  its  people 
may  be  justly  proud. 

At  the  commencement  of  the  nineteenth  century  the  population  of  the  United 
Kingdom  was  nearly  15j  millions,  at  the  beg^ning  of  the  twentieth  nearly 
41^  millions.  Then  there  was  not  a  mile  of  railway  in  the  United  Kingdom*: 
now  there  are  about  22,000  miles.  Here,  too,  is  evidence  not  only  of  the 
irosperity  which  has  prevailed  throughout  Great  Britain  during  the  century  that 
las  passed,  but  also  of  the  enormously  increased  demands  which  have  arisen 
during  the  same  period  on  the  means  of  locomotion. 

It  was  towards  the  latter  half  of  the  eighteenth  century  that  the  formation  of 
good  roads  was  commenced  in  Lancashire  and  the  adjoining  counties  by  John 
Metcalf,  the  blind  road-maker,  and  that  Palmer  in  17&4  introduced  mail  coaches 
travelling  at  from  six  to  seven  miles  an  hour  on  the  main  roads.  In  1601  the 
mail  coach  from  London  to  Holyhead  occupied  nearly  46  hours  on  the  journey, 
and  the  mails  reached  Dublin  on  the  third  day  after  leaving  London.  Now 
tiie  journey  from  London  to  Holyhead  is  performed  in  5}  hours,  and  Dublin 
is  reached  m  9^  hours  after  leaving  London.  .       .  ^    . 

Digitized  by  U^(9@gle 


I 


75G  REPORT— 1908. 

In  1803,  ju3t  one  hundred  yeard  ago,  Telford  reported  to  the  Government  on 
the  8t%te  of  the  roods,  and  as  a  result  the  great  road  to  Liverpool  from  the 
Metropolia  and  the  other  great  highways  were  constructed.  It  was  enlightened 
wisdom  that  eighty  years  ago  placed  intercommunication  in  the  forefront  of  the 
definition  of  engineering ;  it  stdl  maintains  that  position,  and  I  purpose  to  say 
a  few  words  on  the  present  aspect  of  the  question. 

Boad  Traffic— Motors, 

Speed  in  locomotion  appears  to  h^  now  the  first  consideration,  whether  as 
regards  mails,  passengers,  or  goods.  I  would  refer  in  the  first  instance  to  locomo- 
tion on  our  main  roads.  Here  three  or  four  classes  of  machines  app<«'^  to  be 
ambitious  to  drive  pedestrians,  horsemen,  and  horce-drawn  vehicles  on  the  road. 

The  first  practical  steam  cania^  was  used  by  Trevithick  in  the  year  1802 : 
and  now,  a  hundred  years  later,  it  is  found  that  for  the  traction  of  heavy  loads  on 
the  main  roads  steam  is  still  most  suitable.  The  jpoints  of  im])ortance  in  con- 
nection with  traction  engines  and  their  trailers  are  their  speed,  weight,  and  widdi ; 
of  course,  there  is  no  question  that,  as  regards  facilitating  traffic,  the  laree  heavy 
waggon  replacing  many  snmller  horse-drawn  ones  will  be  found  a  boon.  Mr.  E.  R. 
Oaltbrop,  M.Inst.CE.,  one  of  the  founders  of  the  Liverpool  Self-propelled  Trafiie 
Association,  is  opposed  to  any  weight  restriction,  but  it  must  be  remembered  that 
the  momentum  of  heavily  laden  waggons  drawn  by  a  powerful  traction  engine  at 
the  maximum  speed  of  five  miles  an  hour,  is  very  great,  and  causes  uncomfortable 
vibration  in  the  houses  along  the  main  thoroughfares  of  our  towns ;  on  the  oth^ 
hand,  light  traction  engines  are  now  being  successfully  used,  drawing  from  four  to 
five  tons  of  market  produce  through  the  streets  of  London  without  causing  andne 
vibration,  and  at  a  cost,  I  am  informed,  of  about  one-half  that  of  horse  traction. 

But  a  far  more  important  question  is  that  of  the  speed  of  motor  cars  along  our 
public  thoroughfares.  The  struggle  to  maintain  a  trophy  at  liome,  or  to  regpain  it 
from  abroad,  is  one  in  which  every  inhabitant  of  this  country  sympathiaee.  The 
great  Gordon-Bennett  (?up  Race  in  July  last  redounded  to  the  credit  of  the  Auto- 
mobile Olub  of  Great  Britain  and  Ireland,  who  made  and  carried  out  the  arrange- 
ments and  were  at  considerable  pains  to  find  a  suitable  course  in  a  sparsely 
inhabited  district ;  every  measure  which  experience  has  shown  to  be  needful  bavii^ 
been  taken  to  prevent  accident  The  race  was  decidedly  international  in  character, 
French,  Germans.  Americans,  and  English  contesting  for  the  prize ;  and  in  heartily 
congratulating  the  German  Automobile  Club  on  their  success,  it  may  be  noted 
that  M.  Jenatzy  covered  a  distance  of  d27|  miles  in  6  hours  89  minutes,  or  at 
the  rate  of  49}  miles  an  hour,  though  he  attained  to  a  speed  of  61  miles  an 
hour  between  the  points  of  control.  Even  this  speed  was  exceeded  at  a  trial  in 
Phoenix  Park,  Dublin,  when  Baron  de  Forest  attained  to  a  rate  of  86  miles  an 
hour.  But  between  racing  speed  and  ordinary  travelling  speed  there  is  neoee- 
sarily  a  great  difference,  and  our  twenty  miles  maximum  on  country  roads  is  in 
excess  of  that  allowed  in  France,  where  it  is  now  fixed,  though  I  believe  not 
enforced  in  the  open  country,  at  18^  miles,  and  at  12^  miles  where  there  is  much 
traffic.  The  two  classes  of  motors  used  for  higher  speeds  are  the  petrol  and  the 
electric.  The  former  are  mainly  internal-combustion  engines ;  having  to  be  light, 
they  run  at  the  comparatively  liigh  speed  of  800  revolutions  per  minute.  They  ar*< 
generally  used  in  connection  with  bicycles,  tricycles,  or  light  carriages.  'JThey 
have  also  been  used  for  light  vans  and  coaches,  and  succeesful  trials  have  been 
made  with  self-propelled  lorries  for  military  purposes,  and  by  local  authorities  for 
watering  and  dust  collectiug.  Their  application  to  omnibuses  has  not  proved 
economical,  owing  to  the  difficulty  of  providing  pneumatic  tyres  for  sack  heavy 
vehicles. 

The  electric  motor  depends  on  storage  batteries ;  those  in  general  use  are  of 
Planters  lead-couple  type.  Like  the  petrol  motor,  the  electric  motor  is  rather 
a  luxurjr ;  most  of  the  automobile  carriages  used  in  London  are  of  this  class;  thsre 
is  liability  of  injury  to  the  batteries  by  overslischarging  them.  Colonel  Crompton, 
in  a  paper  recently  read  at  the  Engineering  €k>nference,  suggested  the  use  of 
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'  standardised  accumulators/  to  be  supplied  to  the  owners  of  electrical  reLicles  at 
depots  on  production  of  a  subscription  ticket,  and  the  Engineering  Standards' 
Committee  has  appointed  a  sub-committee  to  consider  the  question.  Motor  cars 
are  now  used  by  some  of  the  railway  companies  as  feeders  to  their  lines,  and  also 
in  competition  with  tramway  lines. 

The  increasing  use  of  motor  cars  renders  more  than  ever  necessary  the  regula- 
tion of  traffic  in  crowded  thoroughfares,  a  subject  which  will  doubtless  be  dealt 
with  in  the  paper  on  'The  Problem  of  Modern  Street  Traffic,*  which  Colonel 
Crompton  is  about  to  read  before  this  Section  of  the  British  Association. 

The  use  of  motor-driven  vehicles  for  road  traffic  is  so  intimately  associated 
with  improvements  i^  prime  movers  that  it  will  interest  the  memoers  of  this 
Section  to  be  reminded  of  the  opinion  expressed  more  than  twenty  years  ago  by 
Sir  Frederick  Bramwell,  F.R.S.,  Past  President  Inst.C.£.,  who  presided  over  the 
Meeting  of  the  British  Association  at  Bath  in  1888.  In  a  paper  read  before  this 
Section  at  the  Jubilee  Meetinjjp  of  our  Association  at  York  in  1881,  and  afterwards 
printed  in  crtemo,  Sir  Frederick  Bramwell  said :  *  However  much  the  Mechanical 
Section  of  the  British  Association  may  to-day  contemplate  with  reffret  even  the  mere 
distant  prospect  of  the  steam-engine  becoming  a  thing  of  the  past,  I  very  much  doubt 
whether  those  who  meet  here  fifty  years  hence  will  then  speak  of  that  motor  except 
in  the  character  of  a  curiosity  to  be  found  in  a  museum.'  In  a  letter  addressed  to 
the  President  of  this  Association  on  July  2  last,  Sir  Frederick  Bramwell  drew 
attention  to  the  largely  increasing  development  of  internal-combustion  engines, 
and  expressed  a  feeling  of  assurance  that,  although  steam-engines  might  be  at 
work  in  1931 ,  the  output  in  that  year  would  be  small  of  steam  as  compared  with 
internal-combustion  engines. 

To  keep  alive  the  interest  of  the  Association  in  this  subject,  Sir  Frederick 
Bramwell  has  kindly  offered,  and  the  Council  has  accepted,  the  sum  of  501.  for 
investment  in  2^  per  cent,  self-accumulative  Consols,  the  resulting  sum  to  be  paid 
as  an  honorarium  to  a  gentleman  to  be  selected  by  the  Ck)uncil  to  prepare  a  paper 
having  Sir  Frederick's  utterances  in  1881  as  a  sort  of  text,  and  dealing  with  the 
whole  question  of  the  prime  movers  of  1931,  and  especially  with  the  then  relation 
between  steam-engines  and  internal-combustion  engines.  That  paper  will  doubt- 
less prove  to  be  a  very  valuable  contribution  to  the  proceedings  of  ttiis  Association, 
and  one  can  only  re^t  that  many  of  those  assembled  here  to-day  cannot  hope  to 
be  present  when  it  is  read,  and  to  listen  to  an  account  of  the  nearest  approach 
which  has  then  been  made  towards  the  production  of  a  perfect  prime  mover. 

Electric  Tramways  and  Liyht  Haihcai/s, 

I  now  pass  to  the  application  of  electricity  to  tramways,  and  in  so  doing  may 
quote  from  the  careful  expression  of  opinion  given  in  this  town  from  this  Chair 
twenty  years  ago  by  the  late  Sir  (then  Mr.) -James  Brunlees,  President  of  the 
Institution  of  (Svil  Engineers:  *TTie  working  of  railways  by  electricity  has  not 
advanced  further  than  to  justify  merely  a  brief  reference  to  it  in  this  paper  as 
among  the  possibilities,  perhaps  the  probabilities,  of  the  not  distant  future.' 

It  was  stated  in  a  paper  read  hy  Mr.  P.  Dawson  in  April  last  before  the 
Tramways  and  Light  Hallways  Association,  that  the  total  route-length  of  electric 
tramways  and  lignt  railways  in  the  United  Kingdom,  either  completed,  under 
construction,  or  authorised,  amounted  at  the  end  of  last  year  to  3,000  miles,  the 
length  of  single  track  being  5,000  miles,  on  which  some  G,000  cars  were  running. 

It  cannot,  in  my  opinion,  be  regard^  as  being  fair  to  the  railway  companies — 
which  have  to  pay  large  sums  of  money  for  the  land  on  which  their  lines  have 
been  constructed — to  have  to  compete  wiUi  tramways  which  are  laid  along  the 
public  roads  without  any  payment  being  made  for  their  use.  The  roads  are  dis- 
figured by  aerial  conductors  and  the  supporting  posts  by  which  the  electric 
current  is  conveyed  to  the  cars,  except  in  tnose  comparatively  rare  instances  in 
which  the  conduit  system  is  used  ;  nor  can  it  be  denied  that  tramways  greatly 
interfere  with  the  use  of  the  roads  for  ordinary  tra^c  The  effect  of  dectroljtic 
action  on  iron  pipes  laid  beneath  the  roads  is  still  undergoing  investigation. 
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liaiiwayi, 

TunuDg  DOW  to  railways,  it  may  be  noted  that  on  some  of  the  principal  boei 
in  Great  Britain  the  length  of  the  runa  without  a  stop  is  being  incriMuea  in  the 
case  of  fast  trains,  the  speed  of  which  is  in  some  eases  from  forty -eig^t  to  Mtj- 
nine  miles  an  hour. 

Railway  companies  are  turning  their  attention  to  the  introduction  of  dectiie 
traction  wherever  it  can  be  beneficially  used,  as  for  inetAnce  on  the  Ifeney  Rail- 
way, the  North- Eastern  Bailway  between  Newcastle-upon-Tyne  and  Tynemoatli, 
ana  the  Lancashire  and  Yorkshire  Railway  between  Liyerpool  and  Southport 
With  the  object  of  facilitating  the  introduction  and  use  of  electrical  power  on 
railways,  Parliament  has  passed  an  Act  entitled  the  '  Railways  (Electrical  Power) 
Act,  1908/  which  will  come  into  operation  on  January  1  next. 

The  electrical  service  on  the  Mersey  Railway  has  now  been  in  regular  and 
uninterrupted  operation  since  the  beginning  of  May  in  the  present  year.  Ttaioi 
are  run  at  three-minute  intenraLs,  there  b^ing  760  trains  in  all  between  5  aji. 
and  12  midnight ;  and  as  it  is  the  first  examj^e  of  a  British  steam  railway  caor 
yerted  to  the  use  of  electric  traction,  a  short  description  of  it  cannot  fail  to  be 
of  interest. 

The  Mersey  Railway  was  first  opened  for  traffic  on  Februaiy  1,  1886,  and  vu 
afterwards  extended  at  both  ends,  the  last  extension  to  the  Liverpool  Oential 
Station  being  opened  for  traffic  in  January  1892.  With  steam  locomotiyee,  laxgelj 
owing  to  the  want  of  adequate  ventilation,  the  railway  was  not  a  aaceem. 
Electrification  was  decided  upon,  and  in  the  latter  part  of  1901  the  British 
Westinghouse  Electric  and  Manufacturing  Company,  Limited,  undertook  tke 
entire  contract.  The  length  of  the  railway  is  about  d|  miks,  and  thore  aie 
gradients  in  the  tunnel  below  the  river  of  1  in  27  and  1  in  30. 

The  power  station  is  at  Birkenhead,  and  contains  plant  aggregating  over 
6,000  horse-power,  comprising  three  engines  of  the  Westingiiouae-OorliaB  verticsl 
cioes<H:dmpoaBd  type. 

The  generators  are  all  three  alike,  mounted  on  the  engine  shaft  between  the 
cylinders.  They  are  standard  Westinghouse  multipolar  machines,  of  the  double- 
current  type,  of  1,250  kilowatts  capacity.  Direct-current  is  collected  from  the 
armature  at  660  volts,  no  altematin((  current  being  used  at  present* 

Leads  are  carried  below  the  floor  from  the  machines  to  a  switchboard,  from 
which  are  controlled  the  main  generators,  the  auxiliary  lighting  sets,  batteir, 
booster,  and  feeders.  The  battery  consists  of  320  chloride  cells  connected  in 
parallel  with  the  generators  through  a  dififerential  booster,  and  charge  or  dischai^ge 
according  as  the  line  load  is  light  or  heavy.  They  have  a  capacity  of  1,000 
ampere-hours,  and  «  momentary  dischaige  capacity  of  2,000  amperes. 

The  auxiliary  sets,  two  in  number,  are  for  lighting  purposes,  and  yielding 
direct  current  at  660  volts,  are  available  in  case  of  need  to  supply  cuirent  to  the 
main  traction  circuits.  210  volt  incandescent  lamps  are  used  for  lighting,  arranged 
in  groups  of  three  in  series. 

The  feeders  are  carried  from  the  switchboard  down  the  ventilation  shaft  to 
feed  the  insulated  electrical  collector  raUs,  which  are  placed  in  the  space  between 
the  up  and  the  down  lines,  and  somewhat  above  the  level  of  the  rails,  an  insulated 
return  collector  rail  being  placed  between  each  pair  of  rails.  A  train  consists  of 
two  motor  cam,  one  at  each  end,  and  from  one  to  three  trailers  as  requirsd, 
depending  on  the  amount  of  traffic.  The  motor  cars  each  carry  an  equipment  of 
four  Westinghouse  motors  of  100  horse-power,  making  400  horse-power  per  car,  or 
800  horse-power  per  train.  These  motors  are  all  controlled  in  unison  from  the 
motonnan's  compartment  at  either  end  of  the  train  by  means  of  the  Westing- 
house multiple  controlled  system,  which  has  worked  from  the  start  without  a 
hitoh. 

In  conclusion^  it  may  be  noted  that  every  precaution  has  been  taken  against 
fire.    The  electrical  equipment  is  all  thoroughly  fireproof,  and  the  motonnao^ 
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com|>arttiient  is  encased  in  asbestos  slate,  cutting  it  off  completely  from  the 
remainder  of  the  train. 

Of  tube  railways  with  electric  traction  there  are  three  now  working  in  London , 
two  between  the  Oity  and  the  south  side  of  the  River  Thames,  using  the  ordinary 
two  wire  600  volts  continuous  current  system,  and  another  (the  Central  London) 
extending  from  the  City  to  Shepherd^s  Bush,  using  the  composite  system.  This 
railway  conveyed  during  the  year  1902  no  fewer  than  45  million  passengers. 
There  are  eight  other  tube  railways  now  in  course  of  construction  in  London. 
The  recent  terrible  catastrophe  in  Paris  must  serve  as  a  warning  in  the  iuture 
equipment  of  such  lines  where  currents  at  high  tension  are  employed,  and  where 
short-circuiting  qiay  brinff  about  disastrous  results. 

A  paper  will  be  read  before  this  Section  by  Mr.  F.  B.  I3ehr  on  the  authorised 
Manchester  and  Liverpool  Express  Railway,  which  is  intended  to  be  constructed 
ou  the  Mono-rail  system,  and  to  be  worked  electrically. 


Canals, 

Concurrently  with  the  construction  of  roads  in  this  country  was  the  for- 
mation of  canals,  as  a  means  of  inland  communication,  mainly  for  the  carriage  of 
minerals  and  merchandise,  though  they  also  conveyed  passengers  by  express  ^^ats. 
The  only  recent  structure  of  this  character  in  the  United  Kingdom  is  the  famous 
Manchester  Ship  Canal,  with  which  the  name  of  Sir  E.  Leader  Williams, 
M.Inst.C.E.,  is  associated.  This,  however,  is  hardly  a  canal  in  the  sense  in  which 
that  word  was  employed  by  Brindley,  *  the  father  of  inland  canal  navigation  in 
England,'  as  the  largest  amount  by  far,  in  the  proportion  of  10  to  1^  is  its 
seaborne,  as  compared  with  its  local  traffic.  It  is  interesting  to  notice  that  a  very 
important  wheat  trade  is  being  carried  on  with  Lidia,  exported  both  from  Bombay 
and  Kurrachee.  The  seaborne  traffic  and  the  barge  truHc  for  1894  was  686,168 
tons  and  239,601  tons  respectively,  and  has  during  eight  years  increased,  imtil 
in  1902  it  had  reached  8,137,348  tons  and  280,711  tons  respectively.  The  most 
interesting  recent  development  of  the  works  is  the  new  Dock  now  in  course  of 
construction,  with  its  nve  sets  of  transit  sheds,  which  are  being  built  on  the 
Ferro-Concrete  system. 

Ships, 

The  intercommunication  of  the  nations  of  the  world  is  largely  dependent  on 
the  navigation  of  the  ocean.  The  first  vessel  to  cross  the  Atlantic  fitted  with 
steam  power  was  the  '  Savannah,'  of  about  300  tons,  which  arrived  at  Liverpool 
from  Savannah,  in  Georgia,  in  thirty  days,  partly  under  steam  and  partly  under  sail. 
Ocean  steam  traffic  has  been  extending  ever  since.  Two  years  ago  I  had  occasion,  in 
coimection  with  my  Presidential  Address  to  the  Institution  of  Civil  Engineers,  to 
collect  some  statistics  with  regard  to  shipping,  and  found  that  according  to  Lloyd's 
Register  the  largest  British  vessels  then  afioat  were  the  twin-screw  steamers 

*  Oosanic,'  of  17,274  tons,  and  the  *  Celtic,'  of  20,904  tons,  both  gross  register, 
built  for  the  White  Star  nne,  and  regularly  making  the  passage  between  Liverpool 
and  New  York  in  seven  days  and  eight  days  respectively ;  and  tlie  *  Celtic '  i^  still 
the  largest  mercantile  steamship  afloat,  the  tonna^  of  the  new  German  steajner, 

*  Kaiser  Wilhelm  II.,*  being  19,360  tons  gross  register. 

Unfortunately  these  fine  ships,  with  many  others,  are  now  no  longer  owut«d  in 
this  country,  although  still  flying  the  British  flag.  The  latest  German  steamer  on 
the  American  line,  together  with  others  recently  launched  from  the  Vulcan 
Works  at  Stettin,  have  maintained  a  speed  averaging  over  23  knots,  whilst  the 
Cunard  Company's  liners — still,  happily,  English — the  '  Campania  '  and  '  Lucania,' 
built  ten  years  ago,  average  22  knots.  This  company  is  under  contract  with  the 
Gk>vemment  to  build  two  liners  to  jnaintain  an  average  speed  of  24^  knots.  The 
secretanr  of '  Lloyd's  Register  of  British  and  Foreign  Shipping '  has  kindly  supplied 
me  with  a  list  of  the  steamers  of  10,000  tons  and  upwaids  which  have  oeen 
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Uunched  in  the  United  Kiogdom  between  1900  and  June  1903.    It  is  given  in 
aggregate  below : 

I                       Year  Number  of  ahips  Aggregate  gross  tonnage 

1900  8  95,275 

1901  8  107,396 
I         1902  7  98.605 

1903  \                         rt  /         67.600 


(six  montht  to  Jane  30)  J  \  (approximate) 


In  the  Address  already  referred  to  I  mentioned  the  application  as  havinj^  been 
then  recently  made  of  the  Parsons  steam  turbine  to  H.M.  torpedo-boat  deatrojers. 
The  South-Eastern  and  Chatham  Railway  Company's  new  steamer  <  The  Queen ' 
has  been  fitted  with  this  class  of  engine  of  latest  design.  There  is  a  central  hij^h- 
pressure  turbine,  driving  its  shaft  at  700  reTolutions  a  minute,  and  two  aide  low- 
pressure  turbines,  each  driving  its  separate  shaft  at  500  revolutions  a  mlnnte. 
JThe  steamer  is  310  feet  long,  and  is  now  running  succeasfully  in  the  eerrice 
between  Dover  and  Calais. 

For  some  time  past  much  attention  has  been  paid,  more  especially  in  FnuKX, 
to  the  perfecting  of  submarine  vessels  for  the  purposes  of  naval  warfare,  but  it 
cannot  yet  be  said  that  they  have  passed  beyond  the  experimental  stage,  although 
the  advance  made  has  been  such  as  to  cause  our  Admiralty  to  order  several  adm- 
tional  vessels  of  the  submarine  type.  These  vessels  are  to  to  propelled  by  internal- 
combustion  engines  when  on  the  surface  of  the  water  and  by  electric  motors  when 
submerged. 

Aeronautics. 

Another  of  the  attempted  means  of  locomotion  is  that  of  aerial  navigation. 
How  litUe  we  appear  to  have  advanced  beyond  where  we  were  fifty  years  ago, 
when  on  September  24,  1852,  tliat  eminent  French  engineer,  Henri  Gifiard, 
succeeded  during  an  experimental  ascent  in  Paris  in  driving  a  ballcon  against  the 
wind  for  a  very  short  distance,  although  on  October  19, 1901,  M.  Santos  Dumoot 
was  successful  in  navigating  hid  balloon  from  St.  Cloud  round  the  Eiffel  Tower  in 
Paris  and  back  to  the  spot  where  he  had  started  only  half  an  hour  previously. 
Many  have  been  engaged  in  this  so  far  unsolved  problem  of  aerial  navigation,  but 
there  is  one  of  whom  we  seldom  hear.  I  will  quote  what  Mr.  Janssen  said  in  his 
l^residential  Address  to  the  International  Aeronautic  Congress,  held  in  France  on 
September  16,  1900,  regarding  Mr.  Langley,  Correspondent  of  the  Institute  of 
France  and  Secretary  of  the  Smithsonian  Institution  at  Washington.  '  Inde- 
pendently of  the  fine  and  profound  researches  of  this  scientist  upon  the  resistance 
of  air,  Mr.  Langley  has  constructed  an  aeroplane  which  has  progressed  and  has 
sustained  itself  during  a  time  notably  longer  than  any  of  the  apparatus  previously 
constructed.' 

In  the  last  report  of  the  Smithsonian  Institute,  that  for  1901,  it  is  stated  that 
this  steel  flying-machine  had  a  supportirg  area  of  54  square  feet,  a  weight  of 
i^0  lb.,  developed  1^  horse-power,  and  repeatedly  flew  from  one-half  a  mile  to 
three-quarters  of  a  mile.  I  cannot  close  this  portion  of  my  Address  without 
referring?  to  the  death  on  7th  February  last,  in  the  ninety-fourth  year  of  his  sge,  of 
that  eminent  scientific  aeronaut,  Mr.  James  Qlaisher,  F.K.S.,  who  in  1863  made  his 
famous  ascent  to  an  altitude  of  seven  miles,  and  who  described  at  the  Newcastle- 
upon-Tyne  Meeting  in  that  year,  in  an  evening  lecture,  the  balloon  ascents  made 
for  the  British  Association. 

Wireless  Telegraphy, 

In  addressing  this  Section  I  feel  that  I  ought  to  say  a  few  words  on  the  subject 
of  '  wireless  telegraphy.'  With  regard  to  signalling  Signor  Marconi  oertamly 
seems  to  have  made  progress.  In  Januaiy,  1901,  signals  were  conveyed  from  Pold 
in  Cornwall  to  the  Isle  of  Witrht,  a  distance  of  200  miles,  and  in  December  of  the 
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same  year,  between  Cornwall  and  St.  John's,  Newfoundland,  a  distance  of  2,000 
miles.  In  the  year  1902  signals  were  transmitted  from  England  to  the  Baltic  and 
the  Mediterranean,  which  had  thus  passed  over  both  sea  and  land.  It  seems  to 
be  not  improbable  that  signals  can  be  sent  any  distance,  so  long  as  the  sending 
station  can  develop  sufhcient  energy.  The  question  of  *  syntonism,'  by  which  it 
is  proposed  to  assure  the  secrecy  of  messages,  appears  to  be  still  suhjudice,  but  is 
undergoing  further  investigation. 

There  appears  to  be  a  j^ractical  field  for  the  development  of '  wireless  tele- 
graphy,* more  especially  where  ordinary  telegraphy  cunnot  be  applied,  as,  for  in- 
stance, between  shore  and  ships  at  sea  or  between  one  ship  and  another. 

The  Marconi  Wireless  Telegraph  Company  have  obligingly  furnished  me  with  a 
list  of  eighteen  land  stations  fitted  on  the  Marconi  system  for  commercial  ship 
signalling,  together  with  a  list  of  forty-three  passenger-steamers  already  furmshed 
with  the  Marconi  apparatus,  thus  afibrding  evidence  of  its  application  to  practical 
purposes. 

The  system  of  '  wireless  telegraphy '  by  Sir  Oliver  Lodge  and  Dr.  Muirhead 
has,  I  understand,  been  fitted  to  cable  steamers  of  the  Eastern  Extension  Tele- 
graph Company,  to  enable  communication  to  be  made  with  their  cable  stations. 

Sewage  Disposal. 

The  bacterial  treatment  of  sewage  is  receiving  much  attention,  and  by  the 
courtesy  of  Mr.  J.  Corbett,  M.lnst.C.E.,  the  Borough  Engineer  of  Salford,  I  am 
enabled  to  make  a  brief  reference  to  the  system  of  sewage  treatment  now  carried 
on  at  the  Salford  Corporation  Sewage  Works,  adjoining  the  Manchester  Ship 
Canal.  Twenty  years  ago  the  works  were  constructed  with  precipitation  tanks 
for  lime  treatment  of  the  sewage.  After  fourteen  years  of  experiments  with 
various  precipitation  and  filtration  processes,  ten  of  the  original  precipitation  tanks 
were  formed  into  two  large  tanks  in  which  precipitation  takes  place  with  the  aid 
of  milk  of  lime  and  salts  of  iron.  The  other  two  original  tanks  were  converted 
into  six  roughing  filters  containing  3  feet  in  depth  of  tine  gravel,  to  intercept 
particles  which  have  escaped  the  precipitation  process,  and  which  would  tend  to 
choke  the  final  filters.  The  final  purification  is  on  bacteria  beds  or  aerated  filters, 
with  an  open  false  floor  of  perforated  tiles  and  large  open  culverts  giving  constant 
ventilation  through  the  beds,  some  of  which  are  filled  to  a  depth  of  5  feet  and 
others  to  a  depXh  of  8  feet  with  crushed  clinkers  of  from  ^  inch  to  J  inch 
diameter.  The  li<]uid  is  '  rained  *  on  to  the  surface  by  spray  jets,  and  the  beds 
are  used  generally  in  shifts  of  two  hours  each  for  eight  hours  a  day  in  dry  weather 
and  for  twenty-four  hours  during  heavy  rainfall.  An  average  quantity  of  from 
400  to  500  gallons  of  sewage  per  square  yard  per  day  is  treated  with  satisfactory 
results. 

Liverpool  Docks. 

Although  there  may  seem  little  of  interest  in  the  vast  areas  of  sand  which 
separate  Southport  from  the  sea,  yet  if  the  whole  sea  coast  from  the  Dee  to  the 
Kibble  be  taken  into  consideration,  there  are  few  areas  of  greater  interest  to  the 
hydraulic  engineer  than  these  rivers  with  the  shores  that  bound  them,  and  few 
in  which  stranger  changes  in  land  level  have  occurred  within  historic  times.  In 
the  Itinerary  of  Ptolemy,  the  Kibble  is  named  immediately  after  the  Dee,  the 
Mersey  being  omitted  altogether. 

At  the  meeting  of  this  Association  at  Liverpool  in  1896,  reference  was  made 
to  these  matters,  not  only  by  the  President  of  this  Section.  Sir  Douglas  Fox,  Past 
President  Inst.C.E.,  but  also  in  papers  read,  one  of  which,  by  Mr.  T.  M.  Keade, 
F.G.S.t  is  entitled  '  Oscillations  in  the  Level  of  the  Land,  as  shown  by  the  Buried 
liiver  Valleys  and  Later  Deposits  in  the  neighbourhood  of  Liverpool.' 

Evidence  of  the  gradual  sinking  of  the  land  is  given  by  the  very  interesting 
discovery  in  1850  of  a  Koman  bridge  at  Wallasey  Pool,  Birkenhead.  After 
excavating  fourteen  feet,  the  workmen  came  upon  a  bridge  of  solid  oak  beams,  sup* 
ported  in  the  centre  by  stone  piers  and  resting  at  the  ends  upon  the  solid  rock  at 
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the  aides  of  the  creek.  The  length  of  the  bridge  wu  100  feet  and  itf  widtk 
24  feet,  and  the  beaou  were  each  83  feet  long,  18  inchea  wide,  and  9  inches  thick ; 
there  were  86  beams  formed  into  12  compound  beams,  each  27  inches  in  depth. 
Careful  drawings  of  this  bridge  were  made  bj  Mr.  Snow,  an  engineer  employed 
on  the  work  then  in  progress.  The  drawings  show  that  the  rocky  bed  of  ths 
stream  was  some  18  feet  below  the  bridge,  which  was  itself  about  16  feet  below 
present  high- water  level. 

Formerly  Liverpool  was  one  of  the  ports  subordinate  to  the  Oomptioller  of 
Chester,  and  is  styled  in  the  Patent  *  a  creek  in  that  port,' 

The  first  Act  of  Parliament  authorising  the  construction  of  Dock  WOTks  wm 
obtained  in  1709,  and  m  1853  the  water  area  of  the  docks  had  been  increased  to 
178  acres.  Since  1853  the  progress  has  been  much  more  rapid,  especially  within 
the  last  thirty  years.  The  total  area  of  the  docks  and  basins  at  Liverpool  and 
Birkenhead  is  now  666  acres,  whilst  in  connection  therewith  there  are  rather  mon 
than  3o  miles  of  quayage.  The  marked  tendency  io  recent  years  to  increase  the 
length,  beam,  and  depth  of  ocean-going  steamers  has  necessitated  the  pnmaoa  of 
dock  accommodation  for  a  much  larger  class  of  vessel  than  formerly  existed;  and 
during  the  last  decade  works  of  great  magnitude  have  been  successfully  carried 
out  by  the  Mersey  Docks  and  Harbour  Board,  under  the  able  direction  of  the  late 
Mr.  Q.  F.  Lyster,  M.Inst.C.E.,  and,  since  his  death,  of  his  son,  Mr.  Anthony  G. 
Lyster,  M.InstC.E.  In  the  northern  section  a  new  graving-dock  has  been  coo- 
structed.  extensive  additions  have  been  made  to  the  Canada  and  Huskisson  Doclu, 
whilst  the  ditticult  work  of  constructing  new  river  entrances  has  also  been  satis- 
factorily completed.  In  the  southern  section,  the  Queen's  Dock  has  been  enlarged 
and  other  important  additions  have  been  executed  and  brought  into  use. 

To  convey  some  idea  of  the  magnitude  of  the  works  executed,  it  may  be 
mentioned  that  tbe  amount  expended  by  the  Dock  Board  in  the  extensions  abof« 
indicated  exceeds  1,760,000/. 

The  largest  lock  connected  with  the  port  of  Liverpool  is  the  Canada,  600  feet 
long  by  100  feet  wide,  the  sill  being  14  feet  below  the  datum  of  Old  Dock  oil, 
which  datum  is  4  feet  8  inches  below  Ordnance  datum,  or  mean  sea-leveL  Two 
large  river-entrance  locks  into  the  Brunswick  Dock  are  now  approaching  com- 
pletion, the  larger  lock  having  a  length  of  360  feet  and  a  width  of  100  feet,  with 
a  sill  19  feet  6  inches  below  the  datum  of  Old  Dock  sill. 

One  of  the  striking  features  in  connection  with  the  port  of  Liverpool  is  the 
difficult  and  extensive  work  connected  with  the  dredging  operationa  at  the 
Mersey  Bar.  Since  the  commencement  in  1890,  to  August  1903,  no  leas  this 
72,000,000  tons  of  material  have  been  dredged  and  removed  from  the  Bar  and 
»ea  channels,  and  the  average  quantity  for  the  last  five  years  has  been  in  round 
figures,  7,000,000  tons  per  annum.  The  total  tonnage  of  the  port  for  the  year 
ended  July  1,  1903,  was  13,308,306,  and  the  receipts  therefrom  amounted  to 
1,186,066/.,  exclusive  of  gracing  dock  and  other  rates. 

IrrigcUton, 

This  being  the  first  Meeting  of  the  British  Association  since  the  completion  of 
the  Assuan  dam,  which  I  had  the  opportunity  to  inspect  when  visiting  Egypt  in 
the  early  part  of  this  year,  I  should  like  to  devote  to  it  a  short  portion  of  mj 
Address.  Those  who  desire  to  learn  all  about  that  work  in  detail  I  would  refe 
to  the  papers  (to  which,  indeed,  I  am  indebted  for  my  information  on  the  subject) 
read  before  the  Institution  of  Civil  Engineers  on  January  27  last  by  Mr.  Maurice 
FitEmaurice,  C.M.G.,  M.Inst.C.E.,  who  had  charge  of  the  work  on  behalf  of  the 
Egvptian  Government  from  its  commencement  in  1898  until  December  1901, 
and  by  Mr.  F.  W.  S.  Stokes,  M.InstC.E.,  managing  director  of  Messn. 
Ransomes  &  Rapier,  of  Ipswich,  who  undertook  the  manufacture  and  erection  of 
the  sluices  and  lock-gates. 

The  Nile  renervoir  has  been  constructed  for  the  purpose  of  impounding  the 
water  of  the  River  Nile  during  the  winter  months,  and  discharging  it  in  tlM 
months  of  May,  June,  and  July,  so  as  to  supplement  the  ordinary  tiow  of  the 
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riyer,  and  thus  enable  land  to  be  irrigated  which  would  otherwise  receive  either 
no  water,  or  an  insufficient  supply.  The  situation  chosen  for  the  dam  was  the 
head  of  the  Assuan  cataract.  There  were  various  reasons  for  the  choice :  there  was 
a  wide  section  of  the  river,  the  waterway  being  about  seven-eighths  of  a  mile,  thus 
permitting  the  construction  of  sufficient  sluices  at  different  levels  to  discharge  the 
whole  volame  of  the  Nile  in  flood  without  weakening  the  dam  by  placing  them  too 
close  together ;  the  height  of  the  dam  would  be  moderate ;  the  site  chosen  seemed 
to  promise  good  rock  foundation  throughout,  and  there  were  several  natural 
channels  when  the  water  was  low,  each  of  which  could  be  dealt  with  separately 
if  desired. 

Arrangements  had  to  be  made  to  house  and  feed  a  population  of  16.000 ;  offices, 
workshops,  a  hospital,  and  other  temporary  buildings  had  to  be  erect^,  and  a  line 
of  railway  about  3  miles  in  length  had  to  be  constructed  to  connect  the  railway 
from  Luxor  to  Assuan  with  the  works  at  the  dam.  This  preliminary  work  was 
carried  out  in  1898,  and  on  February  12,  1899,  H.R.H.  the  Duke  of  Oonnaught 
laid  the  foundation-stone  of  the  dam. 

To  enclose  the  site  of  the  permanent  masonry  dam,  and  to  render  it  dry  for  the 
purpose  of  excavation  and  laying  the  masonry,  temporary  dams,  known  in  Egypt 
as  '  sudds,'  had  to  be  formed  both  above  and  below  the  site  of  the  permanent  dam. 
At  low  Nile  the  river  at  the  Assuan  cataract  divides  itself  into  five  channels,  and 
this  work  was  done  in  five  sections.  The  down  stream  *  sudds '  were  first  made, 
and  consisted  of  stones.  After  the  rush  of  water  had  been  thus  stopped,  the  up- 
stream '  sudds '  were  formed  of  bags  of  sand. 

It  was  fbund  that  the  rock  on  the  site  of  the  dam  was  decomposed.  The 
importance  of  a  solid  rock  foundation  was  paramount,  and  to  obtain  it  the 
excavation  had  to  be  carried  down  to  a  considerable  depth,  necessitating  the 
removal  of  double  the  amount  of  material  which  had  been  contracted  for,  and  the 
construction  of  nearly  one  and  a  half  times  the  quantity  of  masonry  that  had  been 
anticipated.  The  masonry,  consisting  of  local  granite  set  in  Portland  cement  mortar, 
was  commenced  in  May  1900,  was  carried  on  vigorously  during  two  working 
seasons  in  which  the  Nile  was  abnormally  low,  and  was  finished  in  June  1902, 
less  than  3^  vears  itfter  the  first  stone  was  laid,  and  one  year  before  the 
expiration  of  the  contract  time.  The  dam  is  nearly  H  miles  in  length,  and  the 
difierence  between  the  surface  of  the  water  on  the  up-stream  side  and  that  on 
down-stream  side  is  66^  feet  when  the  reservoir  is  full.  The  masonry  is  pierced 
by  180  sluices,  of  which  140  are  28  feet  high  by  6  feet  6 J  inches  wide,  and  40  are 
11  ibet  6  inches  high  bv  6  feet  6}  inches  wide. 

The  construction  of  the  dam  having  closed  the  river  to  navigation,  provision 
for  the  passage  of  vessels  was  made  by  means  of  a  canal  formed  on  the  west 
bank  of  the  Nile  and  having  a  succession  of  four  locks. 

The  capacity  of  the  Nile  reservoir  when  fiUed  to  the  top  water  height  of 
348  feet  above  mean  sea  level  is  about  37,600  million  cubic  feet,  a  quantity  which 
might  have  been  greatlj  increased  had  not  the  desire  to  preserve  the  Temple  of 
Philss  prevented  the  raising  of  the  water  to  the  level  originally  proposed.  Even 
now  many  portions  of  the  temple  or  its  adjacent  buildings  are  partially  submerged. 

It  is  anticipated  that  by  allowing  the  whole  volume  of  the  rTile  to  pass  through 
the  sluices  when  most  laden  with  mud  during  floods,  the  silting  up  of  the 
reservoir  to  any  considerable  extent  will  be  prevented.  The  cost  of  the  works  was 
neariy  2,450,000/.  or  about  10/.  per  million  gallons  of  water  impounded. 

Ine  original  surveys  and  designs  for  the  works  were  prepared  by  Mr.  Willcocks 
(now  Sir  William  Willcocks,  K.O.M.G.),  under  the  instructions  of  Lord  Cromer 
and  Sir  William  Garstin,  Sir  Benjamin  Baker,  K.C.B.,  K.C.M.G.,  F.R.S.,  Past 
President  Inst.C.E.,  being  the  consulting  engineer.  On  the  retirement  of  Mr. 
fitzmaurice,  he  was  succeeded  by  Mr.  C.  R.  May,  M.InstO.E.,  as  engineer  in 
charge.  The  work  was  carried  out  by  Messrs.  John  Aird  &  Co.,  as  contractors, 
Mr.  John  A.  C.  Blue,  Assoc.M.Inst.C.E.,  acting  as  their  agent. 

All  concerned  in  the  inception  and  execution  of  this  great  undertaking  are  to 
be  congratulated  an  its  successful  and  speedy  completion,  in  the  face  of  the  many 
difficulQes  which  were  encountered  and  overcome. 
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Water  Supply, 

To  everyone  a  pleutiful  supply  of  good  water  is  not  only  a  luxury,  but  ilmo«t 
a  necessity  of  existence,  yet  how  few  even  amongst  the  more  intelligent  of  the 
millions  who  are  accustomed  to  find  such  a  supply  ready  to  hand  at  the  nearKt 
tap  have  more  than  a  very  imperfect  notion  of  the  works  that  have  to  be  con- 
structed to  obtain  it,  or  the  daily  care  and  attention  given  to  secure  and  maintain 
its  purity,  to  ensure  its  eihcient  distribution,  and  to  prevent  its  waste  by  csieless, 
ignorant,  or  reckless  consumers.  It  may  therefore  n6t  be  out  of  place  that  when 
the  chair  of  this  S^tion  of  the  British  Association  happens,  as  now,  to  be  occupied 
by  one  whose  professional  life  has  been  largely  associated  with  waterworks  U1lae^ 
takmgs,  he  should  address  you  on  that  subject,  and  endeavour^  briefly  to  direct 
attention  to  some  of  the  main  features  of  waterworks  construction  and  mana^ 
ment.  In  following  that  course  I  shall,  however,  necessarily  have  to  deecnbe 
what  is  already  well-known  to  at  least  a  portion  of  my  audience,  on  wboee  indul- 
gence I  must  therefore  rely. 

Water  supplies  may  be  divided  into  two  main  classes,  namely,  'GraTitation' 
and  '  Pumping.'  In  some  instances  a  combination  of  gravitation  and  pumpii^  is 
resorted  to,  especially  in  those  cases  in  which  the  more  elevated  portions  of  tbe 
district  to  be  supphed  are  situate  above  the  gravitation  level.  In  sdecting  s 
suitable  source  or  supply  the  main  points  for  consideration  are  the  quanliiy  and 
the  quality  of  the  water.  The  quantity  should  be  such  as  will  not  only  suffice  to 
meet  the  requirements  throughout  the  most  protracted  periods  of  drought  and 
frost  of  the  existing  population  to  be  served,  but  should  provide  for  the  probable 
growth  of  that  population  during  a  reasonable  number  of  years  to  come.  Tbe 
quality  of  the  water  selected  should  be  the  best  that  can  be  obtained,  having  diM 
regard  to  considerations  of  expense.  The  question  of  the  altitude  being  sufficient 
to  permit  of  a  supply  by  frravitation  is  of  far  less  moment  than  those  of  quantitT 
and  quality,  because  the  difference  in  cost  between  water  derived  by  gravitation 
and  that  obtained  by  pumping  is,  in  the  United  Kingdom,  less  than  is  generallT 
supposed ;  indeed,  contrary  to  popular  belief,  gravitation  water  is  frequently  more 
costly  than  pumped  water,  owing  to  the  much  greater  capital  outlay  usually 
incurred  in  the  construction  of  the  works  for  storing  and  conveying  it 

Gravitation  works  may  be  divided  into  three  classes,  namely,  those  in  wbicH 
water  is  taken  directly  from  a  spring  or  stream  without  storage,  those  in  which  it 
is  taken  from  a  natural  lake,  in  which  case  the  surface  level  of  the  water  is  usuallr 
raised  so  as  to  increase  the  capacity  of  the  lake  as  at  Thirlmere,  and  those  more 
numerous  cases  in  which  the  water  of  a  spring  is  impounded  in  an  artificial 
reservoir  generally  formed  by  the  construction  of  an  earthen  or  masonry  dam 
across  the  valley  along  which  flows  the  stream  to  be  taken. 

In  the  more  populated  portions  of  England  it  is  becoming  more  and  more  diffi- 
cult to  find  an  unappropriated  gathering  ground  available  as  a  source  of  water 
su])ply.  The  gathering  ground,  or  drainage  area  as  it  is  frequently  termed,  should 
either  be  free  Irom  human  habitations  and  other  sources  of  possible  pollution,  or 
any  pollution  arising  therefrom  should  be  capable  of  being  efficiently  disposed  of 
by  removal  from  the  area  of  the  gathering  ground  or  otherwise. 

The  gathering  ground  must  also  possess  a  site  suitable  for  the  formation  of  an 
impounding  reservoir.  When  this  has  been  selected  it  next  becomes  necessary  to 
ascertain  the  amount  of  the  available  rainfall,  as  recorded  by  rain-gauges  situate 
in  the  drainage  area  or  its  immediate  vicinity,  or  where  these  are  not  available,  as 
deduced  from  the  returns  obtained  from  more  distant  rain-gauges,  care  bong 
always  taken  that  some  at  least  of  the  gauges  have  been  observed  for  a  sufficient 
number  of  years  to  enable  the  true  average  rainfall  to  be  determined.  To  store 
,  the  whole  of  the  water  flowing  from  a  gathering  ground  during  a  cycle  of  wet 
years  in  order  to  utilise  it  during  a  cycle  of  dry  years  would  entail  the  con8tmctM>n 
of  reservoirs  of  enormous  capacity,  at  a  cost  incommensurate  with  the  object  to  be 
attained ;  it  is  therefore  customary  to  make  them  of  such  sise  as  to  enable  tbe 
supply  to  be  maintained  without  risk  of  failure  throughout  the  three  driest  con- 
secutive years,  the  mean  annual  rainfall  of  which  years  generally  amovnts  to 
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about  four-fifths  of  the  average  taken  over  a  long  period — Bay,  forty  or  fifty  years. 
From  the  mean  rainfall  of  the  three  driest  consecutive  years  a  deduction  must  be 
made  for  loss  by  evaporation,  which  is  usually  between  twelve  and  sixteen  inches. 
The  result  is  known  as  the  available  rainfall,  and  represents  the  quantity  of  water 
which  can  be  drawn  continuously  from  an  impounding  reservoir  without  fear  of 
failure  in  the  driest  years.  But  the  whole  of  this  water  can  rarely  be  abstracted 
from  a  stream  without  injuriously  affecting  mill-owners  or  other  riparian  owners 
on  the  stream  below  the  reservoir ;  therefore  they  have  to  be  compensated  for  the 
injury  they  sustain.  This  is  sometimes  done  by  payments  in  money,  but  where 
the  mills  on  the  stream  are  numerous  it  is  generally  more  economical  to  make 
compensation  in  water  delivered  into  the  stream  immediately  below  the  reservoir, 
because  the  same  water  compensates  each  mill  in  succession  as  it  flows  down  the 
stream. 

It  has  now  become  an  accepted  principle  that  one-third  of  the  available  rainfall 
flowing  down  a  stream  in  a  regulated  q^uantity  day  b^  day  throughout  the  year  is 
of  greater  benefit  to  the  mill-owners  (with  few  exceptions)  than  the  whole  of  the 
rainfall  allowed  to  flow  in  the  irregular  manner  in  which  it  is  provided  by  nature. 
This  compensation  water  is  discharged  from  the  reservoir  into  the  stream  either 
during  certain  hours  on  working  days  or  by  a  uniform  flow  throughout  the 
twenty-four  hours  of  evary  day  ;  a  method  nov/  frequently  demanded  by  County 
Councils  on  so-called  sanitary  grounds,  but  which  is  in  my  opinion  not  infrequently 
detrimental  to  the  interests  of  mill-owners  without  a  corresponding  advantage  to 
the  public. 

Where  compensation  in  water  is  given  there  remains  for  distribution  in  the 
district  to  be  supplied  a  quantity  eqviil  to  onl^r  two- thirds  of  the  available  rainfall. 

Assume  for  the  sake  of  illustration  a  case  in  which  the  gross  annual  rainfall  is 
40  inches.    Then  we  have : — 

Inches 

Gross  annual  rainfall      .        .  40 

Deduct  to  arrive  at  the  mean  annual  rainfall  of  the  three  driest 
consecutive  years —say  one-fifth  of  forty 8 

Mean  annual  rainfall  of  three  driest  consecutive  years  ...      32 
Deduct  for  evaporation,  say 14 

Available  for  supply  if  no  compensation  water  be  given        .        .18 
Or  if  compensation  water  be  given  deduct  one-third     ...        6 

Leaving  available  for  supply  .        •       •       ,        .        .        .        .12 

Having  now  ascertained  the  amount  of  the  rainfall  available  for  the  supply  of 
the  district,  it  remains  to  be  seen  whether  or  not  the  area  of  the  gathering  ground 
above  the  reservoir  is  sufficient  to  give  the  required  quantity  of  water.  If  it  is 
not,  the  area  may  in  some  cases  be  extended  by  means  of  catch-waters  in  the  form 
of  open  conduits  cut  along  the  sides  of  the  valley  below  the  embankment  of  the 
reservoir,  and  at  such  an  elevation  as  will  enable  them  to  discharge  the  waters 
they  collect  into  the  reservoir  above  its  top  water  line. 

Almost  all  waters  derived  from  gathering  grounds  are  much  improved  by 
filtration  before  use  for  potable  purposes.  In  some  cities  and  towns  in  this  country, 
more  especially  in  Lancashire  and  Yorkshire,  the  benefit  derived  from  filtration 
has  not  been  sufficientlv  appreciated,  and  the  water  is  still  delivered  into  the 
houses  unfiltered ;  but  T  am  of  o])inion  that  the  time  will  come  when  nearly  every 
town  of  importance  supplied  with  water  derived  from  gathering  grounds  will 
adopt  filtration,  for  it  not  only  removes  matters  in  suspension  but  it  also  diminishes 
the  discoloration  due  to  peat  which  is  to  be  found  in  most  moorland  waters. 

Beservoir  dams  in  Great  Britain  consist  either  of  earthen  embankments  or 
masonry  walls.  Of  the  former,  examples  of  considerable  size  may  be  seen  at  the 
reservours  of  the  Manchester  Waterworks,  designed  by  Mr.  J.  F.  Bateman,  F.R.S., 
Past  President  Inst.C.E.,  who  was  Presidbdt  of  Section  G  of  the  British  Association 
at  the  Manchester  Meeting  in  1861 ;  and  at  the  Rivington  reservoirs  of  the  Liver- 
pool Waterworks,  designed  by  my  father,  the  late  Mr.  Thomas  Hawksley,  F;R.8.^ 
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Past  Premdent  Inst.CE.,  who  was  Preeident  of  thi«  Section  at  the  Meeting  at 
Nottingham  in  1866. 

£arthen  embankments  are  formed  of  the  most  suitaUe  materials  to  be  obtained 
by  excavation  in  their  neighbourhood ;  the  water  is  retained  by  a  wall  of  water- 
tight clay  puddle  forming  the  core  of  the  embankment,  extending  for  its  whole 
length  and  continued  at  each  end  into  the  natural  ground  forming  the  hiUsidee. 
This  puddle  core  has  to  be  carried  down  into  the  ground  until  waterti^t  strata 
be  met  with,  occasionally  necessitating  a  puddle  trench  having  a  depth  of  80  fe^ 
or  more  below  the  bottom  of  the  valley  and  ^00  feet  or  more  in  depth  in  the  hill- 
sides.  Where  the  strata  forming  the  sides  of  the  valley  are  not  watertight,  it  is 
necessary  to  continue  the  puddle  core  along  the  sides  of  the  reservoir  hy  means  of 
wing  trenches.  The  determination  of  the  depth  and  extent  of  the  puddle  trench 
in  order  to  secure  the  watertightness  of  the  reservoir  is  one  of  the  most  diffienlt 
and  anxious  duties  of  the  engineer  on  whom  rests  the  responsibility  of  its 
construction.  In  forming  his  judgment  he  has  to  rely  entirely  on  his  experienos 
for  guidance,  this  being  one  of  those  matters  which  cannot  be  learnt  at  an 
engineering  school  or  even  in  an  engineer's  office.  How  much  depends  on  the 
exercise  of  a  wise  and  trained  judgment  may  be  understood  when  it  is  realiaed 
that  an  error  in  this  respect  may  rMult  in  very  costly  works  having  to  be  subse- 
quently undertaken  to  stop  an  escape  of  water  which  might  in  the  first  instance 
have  been  prevented  by  a  comparatively  small  outlay. 

Provision  has  to  be  made  for  the  passage  of  flood-waters  during  the  constroction 
of  the  embankment.  This  is  ordinarily  etiected  by  the  construction  at  about  IIm 
level  of  the  stream  of  a  tunnel  of  sufficient  diameter  to  convey  with  onl^  m  dight 
head  the  volume  of  water  produced  b^  the  greatest  flood  which  experience  has 
taught  us  to  anticipate,  xhis  tunnel  is  sometimes  formed  beneath  the  embank- 
ment, but  preferably,  where  the  circumstances  are  favourable,  it  is  carried  thi^oogh 
the  natural  ground  near  to  one  end  of  the  embankment.  A  shaft  is  built  in 
connection  with  the  tunnel,  in  which,  after  the  embankment  has  reached  its  fiiU 
height,  are  placed  the  outlet  valves  of  the  reservoir. 

It  is  of  the  utmost  importance  that  ample  provision  shooldbe  made  fw  canying 
off*  the  flood  and  other  surplus  waters  commg  from  the  gathering  ground  when  the 
reservoir  is  full,  for  if  this  be  not  done  serious  consequences  may  ensue,  including 
the  washing  away  of  the  embankment  with  resulting  destruction  of  property  and 
even  of  life.  The  surplus  waters  sometimes  fall  down  a  shaft  erected  within  the 
reservoir,  and  make  tneir  escape  by  means  of  the  tunnel  previously  mentioned, 
but  more  frequently  th^y  flow  ov^r  a.masQnry  .weir  and  reach  the  stream  below 
the  embankment  l^  means  of  a  bye  wash  formed  in  the  hillside.  In  my  opinioo 
the  latter  method  is  in  most  cases  to  be  preferred,  as  being  Iree  from  the  risk  of 
blockage  by  ice  to  which  the  shaft  and  tunnel  are  liable.  Engineers  are  oocmmon- 
ally  reproached  with  extravagance  in  the  magnitude  of  the  provision  made  for  the 
escape  of  flood  waters,  but  it  must  always  be  borne  in  mind  that  a  maxitnum  flood 
has  to  be  provided  for,  such  a  flood  as  may  occur  only  once  in  twenty  or  thirty 
years,  but  which  must  find  a  means  of  escape  when  it  does  occur,  without  danger 
to  life  or  property. 

Masonry  dams  are  not  so  frequent  in  this  country  as  earthen  dams,  partly  by 
reason  of  their  greater  cost  and  partly  because  the  geological  conditions  are  gene- 
rally not  favourable  to  their  formation,  for  not  only  do  they  require  a  supply  of 
suitable  stone  near  to  hand  for  their  construction,  but  they  also  need  an  incom- 
pressible foundation,  such  as  rock  or  very  strong  shale.  Any  irregularity  in  the 
compression  of  the  foundation  occasioned  by  the  weight  of  the  dam  would  be 
liable  to  fracture  the  mssonry  of  which  it  was  built. 

In  the  case  of  masonry  dams  a  tunnel  for  the  passage  of  flood  waters  during 
construction  is  formed  at  a  suitable  level  in  the  masonry  of  the  dam,  and  after 
completion  of  the  work  they  are  generally  allowed  to  pass  over  the  top  of  the  dam 
for  the  whole  or  a  portion  of  its  length,  thus  obviating  the  necessity  for  and  the 
cost  of  an  independent  bye  wash. 

Whilst  masonry  dams  have  the  advantage  over  earthen  dams  of  not  being 
liable  to  be  breached  by  a  waterspout,  I  am  not  aware  of  any  case  in  which  an 
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earthen  dam  has  been  destroyed  in  that  manner,  and  so  far  as  I  am  able  to  form 
an  opinion  the  accidents  due  to  other  causes  have  been  as  frequent  in  the  case  of 
masonry  dams  as  in  that  of  earthen  dams.  The  destruction  of  masonry  dams  has 
in  some  instances  been  the  result  of  too  great  reliance  having  been  placed  on 
theoretical  calculations,  without  sufficient  allowance  baring  been  made  for  the 
many  defects  in  iBaterial  and  workmanship  which  might  occur  in  a  work  of  that 
kind.  It  was  the  opinion  of  the  late  Mr.  Thomas  Hawksley  that  in  some  cases 
the  destructipn  of  masonry  dams  had  been  occasioned  by  the  neglect  of  the  eifects 
or  uplift  due  to  the  pressure  exerted  by  water  finding:  its  way  beneath  the  bottom 
of  the  dam,  a  possible  condition  which  he  was  very  careful  to  take  into  account 
when  designing  the  masonry  dam  of  the  Vymwy  reservoir  of  the  Liverpool 
Waterworks. 

Examples  of  large  masonry  dams  in  the  United  Kingdom  may  be  seen  in  that 
constructed  by  Mr.  G.  H.  Hill  at  Thirlmere  Lake,  from  which  the  city  of  Man- 
cheater  is  partly  supplied  with  water.  Also  at  the  Vymwy  reservoir  of  the 
Liverpool  Corporation  Waterworks,  designed  by  and  partially  carried  out  nnder 
the  direction  of  the  late  Mr.  Thomas  Hawksley,  after  whose  retirement  it  was 
completed  by  Mr.  G.  F.  Deacon,  who  presided  over  Section  Q  on  the  occasion  of 
the  vmt  of  the  British  Association  to  Toronto  in  1897 ;  and  again  at  the  reservoirs 
near  Rhayader,  in  Wales,  now  approaching  completion,  from  the  designs  and 
under  the  direction  of  Mr.  James  Mansergh,  F.R.S.,  Past  President  Inst-C.E.,  for 
the  supply  of  water  to  the  city  of  Birmingham. 

From  the  impounding  reservoir  the  water  has  to  be  conveyed  to  the  point  of 
ditttribution  by  an  aqueduct.  This  aqueduct,  which  is  sometimes  of  great  length, 
may  consist  either  wholly  of  metal  pipes,  usually  of  cast  iron,  or  partly  of  a 
conduit  constructed  of  masonry,  brickwork  or  concrete  following  the  contour  of 
the  ground,  with  occasional  tunnels  where  high  ground  has  to  be  passed  through, 
and  metal  ^inverted  syphon)  pipes  where  valleys  have  to  be  crossed.  These  con- 
duits may  be  either  open  or  covered,  the  latter  method  being  generaUy  adopted, 
when  thev  become  wnat  is  technically  known  as  <  cut  and  cover '  conduits.  In 
the  caae  ot  a  continuous  pipe-line  of  considerable  length  it  is  divided  into  sections 
by  means  of  break-pressure  tanks  interposed  at  suitable  elevations,  each  tank 
being  say  100  feet  or  thereabouts  below  the  preceding  tank,  by  which  means  the 
pipes  are  relieved  from  the  excessive  pressure  to  which  they  would  be  subjected 
if  the  head  due  to  the  elevation  of  the  impounding  reservoir  was  carried  forward 
to  the  service  reservoir,  from  which  the  water  is  distributed  to  the  consumer. 
Steel  pipes  are  frequently  used  abroad  where  the  cost  of  carriage  is  great,  but 
they  have  not  yet  been  much  employed  in  thb  country,  sufficient  experience  not 
having  yet  been  gained  in  reference  to  the  deterioration  of  steel  pipes  due  to  the 
action  of  the  water  from  within  and  of  the  ground  in  which  they  are  laid  from 
without. 

The  lines  of  pipe  are  provided  at  intervals  with  suitable  stopcocks,  sluice- 
valves,  and  air-valves,  and  also  in  some  cases  with  self-acting  vi^ves  which  close 
automatically  in  the  event  of  the  velocity  of  the  water  in  the  pipe  becoming 
abnormally  increated  owing  to  the  bursting  of  a  pipe  beyond. 

I  have  already  stated  that  most  waters  obtained  from  gathering  grounds  are 
much  improved  by  filtration.  The  process  of  filtration  may  be  carried  on  where 
the  water  leaves  the  impounding  reservoir  or  at  any  convenient  point  on  the  line 
of  conduit  thence  to  the  place  of  distribution,  provided  the  filter-beds  are  situate 
at  such  an  elevation  as  to  place  them  on  the  line  of  hydranlic  gradient.  Various 
considerations  will  influence  the  determination  of  their  position,  but  it  is  desirable 
that  the  water  should  not  be  subjected  to  long  expofiure  to  light  after  filtration. 
Filtration  by  the  slow  passage  of  the  water  through  a  bed  of  sand  from  two  to 
three  feet  in  thickness,  supported  by  small  gravel  or  other  suitable  material,  is 
the  method  usually  adopted  in  Europe,  though  what  is  known  as  mechanical 
filtration  has  been  used  to  a  considerable  extent  in  the  United  States,  and  may 
under  certain  conditions  be  usefully  employed.  However  I  do  not  think  it  is  likely 
to  take  the  place  to  any  considerable  extent  in  this  country  of  the  efficient  system 
of  sand-filtration  introduced  so  long  asro  as  the  year  1828  by  the  late  Mr.  James 
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Simpaon,  PMt-Preaident  of  the  Institution  ef  Civil  Engineers.  The  rate  of  filtra- 
tion, to  be  thoroughlT  effectiTey  must  depend  on  the  condition  of  the  water  to  be 
filtered,  but  a  rate  of  from  450  to  550  eallons  per  square  yard  of  surfiKe  of  sand 
per  day  {i.e.,  twenty-four  hours)  is  usually  found  to  be  efficient  Filter-beds  are 
generally  open  to  the  sky,  but  occasionally,  when  situate  at  cousijjlerable  elevatioos, 
they  are  covered  by  roofs  to  prevent  interruption  by  the  formation  of  ice  in  times 
of  severe  frost.  In  certain  exceptional  cases  in  which  the  water  is  difficult  to  treat 
it  is  twice  filtered  with  excellent  results.  Tbe  water  after  filtration  should  be 
di<<charg^  into  a  pure-water  tank  or  service  reservoir  of  sufficient  capacity  to 
enable  the  process  of  filtration  to  proceed  at  a  uniform  rate  by  night  as  well  as  by 
day,  without  regard  to  irregularities  in  the  rate  of  demand  in  the  (^strict  of  supply. 
The  particles  in  suspension  in  tbe  water,  which  are  intercepted  by  the  process 
of  filtration,  gradually  form  a  film  over  the  surface  of  the  sand,  and  thus  improyes 
the  filtration ;  but  tlus  film  at  last  becomes  so  thick  as  to  unduly  reduce  the  rate 
at  which  the  water  passes  through  the  sand.  The  filter-bed  is  then  laid  off  and, 
the  water  having  been  withdrawn,  the  surface  of  the  sand  is  scraped  off  to  a  depdi 
of  about  a  quarter  of  an  inch  ;  the  sand  thus  removed  is  washed  in  suitable  madunes 
to  free  it  from  the  matter  intercepted  during  the  process  of  filtration,  andi  s  after- 
wards replaced  in  the  filter-bed  either  immediately  or  after  several  similar  scrap- 
ings have  taken  place,  care  being  taken  that  the  thickness  of  the  sand  left  in  the 
bed  shall  not  at  any  time  be  reduced  below  that  required  to  ensure  efficient  filtra- 
tion. From  time  to  time  the  sand  is  removed  to  a  depth  of  several  xncbes  and 
washed,  and  occasionally  it  is  taken  out  and  washed  to  its  full  depth.  From  the 
foregoing  description  it 'will  be  understood  that  the  filtration  of  water,  although 
a  simple  process,  is  one  which  necessitates  constant  watchfulness  on  the  part  of 
those  responsible  for  the  management  of  those  waterworks  undertakings  in  which 
the  water  undergoes  filtration. 

As  near  to  the  termination  of  the  aqueduct  conveying  the  water  from  tbe 
impounding  reservoir  to  the  point  of  distribution  as  the  levels  of  the  ground  will 
permit,  a  service  reservoir  should  be  constructed  for  the  purpose  of  equalising  the 
fiow  of  water  along  the  aqueduct,  and  for  maintaining  the  supply  to  the  district 
during  any  temporary  interruption  on  the  line  of  aqueduct  due  to  a  burst  pipe  or 
otherwise.  The  service  reservoir  should  contain  not  less  than  one  day*s  supply, 
two  or  three  days,  and,  in  exceptional  cases,  even  more  being  sometimes  desirable. 
Service  reservoirs  should  by  preference  be  covered  so  as  to  exclude  li^t,  and 
thus  prevent  the  growth  of  vegetation  which  would  otherwise  take  place.  The 
covenng,  when  consisting  of  brick  arches,  has  also  the  advantage  of  keeping  the 
water  cool  in  summer,  and  preventing  the  temperature  from  becoming  too  mock 
reduced  in  winter.  The  rate  of  draught  on  the  service  reservoir  is  continually 
varying  throughout  the  day  and  ni^j^ht  according  to  the  hourly  requirements  o^ 
the  population  which  it  serves.  This  variation  is  very  considerable,  amounting 
during  certain  hours  of  the  day  to  at  least  twice  the  average  rate  of  consumption 
during  the  twenty-four  hours.  It  will  therefore  be  apparent  that  were  it  not  f(x 
the  equalising  effect  of  the  service  reservoir  the  aqueduct  must  have  a  capacity  at 
least  double  that  which  is  needful  where  a  service  reservoir  is  available.  At 
Southport,  for  example,  although  the  water  is  distributed  from  a  service  reservoir, 
that  reservoir  is  situate  at  a  distance  of  about  seven  miles  from  the  town,  because, 
owing  to  the  great  extent  of  comparatively  flat  land  in  the  neighbourhood  of 
Southport,  It  was  impossible  to  obtain  a  suitable  elevation  nearer  to  the  town 
than  Gorse  Hill,  on  the  summit  of  which  tbe  reservoir  stands.  Consequently  the 
main  pipes  thence  to  the  town  have  to  be  of  sufficient  capacity  to  convey  ^e  water 
at  a  rate  corresponding  with  the  demand  at  the  time  of  maximum  consumption, 
or,  in  other  words,  of  about  twice  the  capacity  which  would  have  been  needed  if 
the  service  reservoir  could  have  been  placed  close  to  the  town,  when  these  pipes 
would,  for  the  greater  part  of  their  length,  have  been  situate  on  the  inlet  instead 
of  on  the  outlet  side  of  the  reservoir. 

Havinff  now  followed  the  water  in  the  case  of  a  jgfravitation  supply  from  its 
source  to  Uie  service  reservoir  from  which  it  is  to  be  distributed  to  tne  constmiers, 
it  will  be  convenient  to  follow  in  a  similar  manner  wat^r  obtained  bf  means  of 
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pumping,  leaving  until  later  the  consideration  of  its  distribution,  which,  after  it 
lea  yen  the  service  reservoir,  is  common  to  both  gravitation  and  pumped  water. 

Pumping  supplies  may  be  divided  into  two  sections — first,  those  where  the 
water  is  drawn  from  a  source  only  slightly  below  the  level  of  the  pumping  engines, 
such  as  where  the  water  is  taken  from  a  stream  or  lake,  or  from  culverts  formed 
in  gravel  beds,  or  is  discharged  from  impounding  reservoirs  situate  at  too  low 
a  level  to  enable  the  water  to  gravitate  to  the  point  of  distribution ;  and  secondly, 
where  the  water  is  raised  from  deep  wells  sunk  in  the  sandstone,  chalk,  or  other 
w^ater-bearing  strata. 

In  the  first-mentioned  cases  the  water  has  usually  to  be  filtered,  when  it  is 
generally  found  convenient  to  place  the  filter-beds  at  the  pumping  station,  the 
water  being  firstly  lifted  (unless  it  will  gravitate)  on  to  the  filter-beds,  and 
secondly,  after  filtration,  and  by  means  of  a  separate  pump,  forced  through  pipes 
up  to  the  service  reservoir  whence  it  is  to  be  distributed. 

In  the  case  of  deep  wells,  the  water  seldom,  if  ever,  requires  filtration,  and  is 
UAuallj  raised  either  directly  or  through  pipes  into  the  service  reservoir,  the  total 
lift  bemg  frequently  divided  between  lift  pumps  and  force  pumps  with  the  object 
of  balancing  the  work  to  be  done  by  the  engine. 

Sometimes  the  well  alone  will  yield  a  sufficient  supply  of  water,  but  often 
it  has  to  be  aided  by  boreholes  or  by  drifts  or  headings  ariven  horizontally  in  the 
water-bearing  strata  near  the  level  of  the  bottom  of  the  well,  and  occasionidly 
continued  for  a  considerate  distance,  even  as  much  as  a  mile  or  more  from  the 
well,  the  length  of  the  headings  depending  on  the  quantity  of  water  which  can  be 
profitably  obtained  from  them,  ana  also  on  other  considerations  too  various  to 
be  mentioned  here.  There  are  cases  in  which  it  is  possible  to  obtain  sufficient 
water  by  boring  from  the  surface  of  the  ground  and  lowering  a  pump  down  the 
borehole.  The  expense  of  a  large  well  is  thus  saved,  but  it  is,  of  course, 
impossible  to  augment  the  supply  by  drifting. 

The  time  at  my  disposal  will  not  admit  of  any  observations  on  the  merits  of 
the  various  kinds  of  ei^ines  and  pumps  employed  in  raising  water;  thev  are  not 
only  very  numerous,  but  each  has  to  be  considered  in  relation  to  its  suitability  for 
the  particular  circumstances  of  the  case  in  question.  Suffice  it  to  say  that,  altiiough 
most  of  the  water  pumped  in  the  United  Kingdom  is  raised  by  means  of  steam 
engines,  water  turbines,  gas  engines,  oil  engines,  and  (to  some  slight  extent) 
electric  motors  are  also  employed.  It  may  be  mentioned  that  one  of  the  largest 
oil  engines  in  this  country  is  engaged  in  pumping  water  from  a  deep  well,  and  it 
is  not  improbable  ^at  gas  and  oil  engines  will  in  the  future  become  more  largely 
employed  for  waterworks  purposes. 

It  should  here  be  mentioned  that  there  are  a  few  instances  in  this  country, 
and  many  in  the  United  States  of  America,  in  which  a  service  reservoir  is 
dispensed  with,  and  water  is  pumped  directly  into  the  main  and  distributing  pipes 
of  the  district  to  be  served,  a  method  wmch,  although  employed  with  success, 
should  not,  in  my  opinion,  be  adopted  where  the  circumstances  admit  of  the  use 
of  a  service  reservoir.  Where  direct  pumping  is  used,  provision  must  be  made  to 
ensure  continuous  pumping  day  and  night  without  intermission,  so  as  to  avoid 
interruption  to  the  supply  of  the  district,  and  the  speed  of  the  engines  must  be 
constantly  varied  to  meet  the  demands  of  the  consumers  for  the  moment.  The 
maintenance  of  uniformity  of  pressure  in  the  main  pipes  may  be  assbted  by  the 
employment  of  large  air  vessels,  or  by  accumulators  such  as  are  used  for  the 
supply  of  hydraulic  pressure,  or  preferably  by  a  combination  of  air  vessels  and 
accumulators. 

We  will  now  return  to  the  service  reservoir.  When  this  reservoir  is  situate 
between  the  source  of  supply  and  the  district  to  be  supplied,  it  receives  the  whole 
of  the  water  and  delivers  it  into  the  district  as  needed  for  use ;  but  when  the 
district  lies  between  the  source  and  the  service  reservoir,  it  receives  the  excess  of 
supply  over  consumption,  and  on  the  other  h'and  makes  good  any  deficiency  during 
those  hours  when  the  consumption  exceeds  the  supply.  In  either  case  this 
reservoir  has  the  effect  of  equalising  the  fiow  from  the  source  to  the  reservoir 
^roughout  the  twenty -four  hours  of  the  day. 
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From  the  service  reservoir  the  water  is  conveyed  by  one  or  moremunffs 
into  the  district  of  sapply.  These  pipes  are  gradually  reduced  in  dkiKtsu 
they  pass  through  the  district,  the  water  which  they  convey  is  tabaofbr 
other  main  pipes  branching  from  them,  and  finally  enters  the  service  jupes,  viii 
are  usually  m)m  five  inches  to  three  inches  diameter,  and  are  those  from  li^ 
the  consumers'  communication  pipes  are  taken.  The  service  pipes  shouM'mtl 
cases  be  controlled  by  valves,  so  that  the  water  can  be  shut  off  mm  them  vi&c 
interfering  with  the  fiow  through  the  main  pipes.  Ck>naumer8'  commusiau 
pipes  are  not  generally  allowed  to  he  attached  to  pipes  of  greater  diamet&  tk 
five  inches,  and  where  a  pipe  of  six  inches  diameter  and  upwards  is  carried  aloe 
a  street,  another  pipe  of  tliee  or  four  inches  diameter  (prefiM^bly  the  latter  aa 
and  called  a  ryder  pipe,  is  laid  alongside  to  recdve  the  attachments  of  the  co^ 
nication  pipes.  The  ryder  pipe  is  divided  into  lengths  of  from  350  to  400  jiri& 
eadi  of  which  is  controlled  hy  a  valve  at  its  junction  with  the  main  ^ 
Hydrants  for  use  in  case  of  fire  are  attached  to  the  ryder  and  other  serriceppc 
throughout  the  district  at  a  distance  apart  not  exceeding  100  yards.  Excepts 
streets  where  the  houses  are  small  and  not  high,  it  is  desirable  to  lay  tlie  sme 
pipes  of  not  less  than  four  inches  diameter,  not  because  a  smaller  pipe  wooHt^ 
suffice  to  meet  the  requirements  of  the  domestic  consumers,  but  in  cider  to  ei^ 
an  ample  supply  of  water  in  case  of  fire.  When  determining  the  axsMoi^ 
main  pipes  to  be  laid  throughout  a  town,  the  engineer  commences  with  tbtjnti 
most  remote  from  the  service  reservoir,  and  gradually  increases  the  ^meJ 
according  to  the  probable  number  and  magnitude  of  the  supplies  to  he  takei^ 
them. 

Pipes  of  cast  iron  having  sockets  run  with  lead  and  set  up  with  a  hammer  e 
mostly  used  for  waterworks  purposes,  but  in  some  instances  turned  and  W 
joints  put  together  without  lead  have  been  used  with  success,  but  these  aie  ^ 
suitable  where  there  is  an  imyielding  foundation.  I  remember  a  case  in  Y«i- 
shire,  where  turned  and  bored  pipes  were,  much  against  the  advice  of  the  engiE^ 
used  for  the  distribution  of  gas  in  a  colliery  district,  with  the  result  that  in  t^ 
years  nearly  every  joint  was  leaking ;  fortunately  the  engineer  had  anticipated!^ 
result,  and  had  laid  the  pipes  with  sockets  in  addition  to  the  turned  and  IksK 
joints ;  consequently,  by  opening  the  ground  at  each  joint  and  running  the  jcj 
with  lead,  the  leakage  was  stopped  without  necessitating  the  relaying  of  s* 
system  of  pipes.  The  main  pipe  of  forty-four  inches  diameter,  conveying  «^ 
from  Rivin^ton  to  Liverpool,  passes  for  several  miles  over  a  coalfidd,  id  ^ 
ground  has  in  places  subsided  over  the  coal  workings  as  much  as  four  feet  witk^ 
interfering  with  the  supply  of  water ;  the  ground  having  been  opened  at  the  t^ 
joints,  the  lead,  which  had  been  partially  drawn  from  the  joints,  was  farced  !■« 
by  hammering,  and  the  joint  was  again  made  sound. 

In  some  countries,  where  the  cold  is  intense,  water  pipes  have  to  be  h^  *^ 
a  depth  of  from  10  feet  to  12  feet  below  the  surface  of  the  ground  to  protefl  ^ 
water  from  frost,  but  in  the  United  Kingdom  a  depth  of  from  2  feet  6  ia^'- 
3  feet  has  been  found  to  be  sufficient  even  in  very  severe  firosts. 

Water,  especially  when  soft,  causes  the  interior  of  cast-iron  pipes  to  het^ 
incrusted  with  nodules  of  iron,  which  reduce  the  effective  diameter  of  the  j»l*'^ 
so  diminish  its  capacity.  This  action  is  greatly  retarded  and  in  some  instiiK» 
entirely  prevented  by  the  application  to  the  pipes,  soon  after  they  have  been  ci* 
of  the  coating  introduced  many  years  ago  by  uie  late  Dr.  Angus  Smith,  a  p«** 
now  nearly  always  employed. 

It  was  at  Southport  that  I  witnessed  the  bursting  of  a  main  pipe,  the  csj 
occurrence  of  the  kind  that  I  have  seen  during  a  period  of  forty  years,  d  w^ 
a  considerable  portion  has  been  spent  amongst  waterworks.  Owing  to  the  inn^ 
duction  of  a  new  supply  of  water,  the  original  main  pipe  was  chai]^  with  wih? 
at  a  higher  pressure  than  it  had  been  intended  to  bear,  with  the  result  tliatse«* 
fractures  occurred.  I  happened  to  be  standing  on  one  of  the  roads  at  a  li^ 
distance  from  the  town  when  I  heard  a  sound,  and  looking  in  the  direction  whe&t 
it  came,  saw  in  a  field  near  by  a  black  column  rise  verticaUy  in  the  air  for  ab*^ 
forty  feet  in  height.     A  girl  who  happened  to  be  working  in  the  field  pot  Iff 
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liands  to  her  ears  and  fled,  probably  thinking  she  had  seen  Satan  himself,  but  the 
column  soon  became  clear,  the  black  colour  having  been  caused  by  the  peat  carried 
up  with  the  water. 

Having  traced  the  water  from  its  source  to  the  door  of  the  consumer,  we  now 
enter  into  another  branch  of  the  subject.  Up  to  this  point  the  water  has  been 
entirely  under  the  control  of  the  company  or  local  authority  by  whom  it  is 
provided,  but  from  the  moment  it  enters  the  consumer's  communication  pipe,  or 
where  the  communication  pipe  is  the  property  of  the  water  supplier,  from  the 
moment  the  water  reaches  the  premises  of  the  consumer,  it  comes  under  his  control, 
subject  only  to  such  regulations  and  surpervision  as  the  Legislature  has  given  the 
water  supplier  power  to  make  and  to  exercise. 

When  water  was  supplied  on  the  now  almost  obsolete  '  intermittent  service,' 
under  which  a  town  was  divided  into  a  number  of  districts  into  each  of  which  in 
succession  the  water  was  turned  for  only  one  or  two  hours  a  day,  the  water 
suppliers  paid  but  little  attention  to  the  fittings  within  the  houses  of  the  consumers, 
because,  however  great  the  quantity  of  water  wasted  through  defective  fittings, 
the  waste  could  only  last  for  the  short  time  during  which  uie  water  was  turned 
on  in  each  district,  and  it  ceased  altogether  during  the  night. 

About  the  year  1831  the  system  of  'constant  service,*  by  which  is  meant  a 
supply  of  water  available  from  the  pipes  of  the  water  suppliers  at  any  moment 
throughout  the  day  or  night,  was  mtroduced  into  this  country  by  the  late 
Mr.  Thomas  Hawksley,  at  Nottingham,  and  it  soon  became  evident  that  if  a  con- 
stant  service  was  to  he  maintained  the  fitting  within  the  houses  of  the  consumers 
must  be  adapted  to  the  new  conditions  and  be  placed  under  regulation  and  super- 
vision. Suitable  regulations  were  therefore  formulated,  and  have  since  been  im- 
proved and  modified  to  meet  modem  rec[uirement8.  These  regulations,  which  are 
mainly  directed  to  the  use  of  proper  pipes,  taps  and  other  fittings,  and  to  service 
cisterns  so  constructed  as  to  prevent  a  continuous  flow  and  consequent  waste  of 
water,  do  not  in  any  way  limit  the  use  of  water  by  a  consumer,  who  is  at  liberty  to 
take  as  much  as  he  requires  whether  by  day  or  by  night,  nor  does  their  strict 
enforcement  inflict  any  hardship  on  the  consumer,  to  whom  good  water  fittings 
kept  in  a  proper  state  of  repair  are  in  the  end  more  economical  than  cheaper  and 
inferior  fittings  requiring  the  frequent  attendance  of  the  plumber. 

About  five  years  ago,  I  had  occasion  to  obtain  statistics  relating  to  the  con- 
sumption of  water  in  sixteen  towns  (including  Southport)  in  England,  containing 
an  aggregate  popiilation  within  the  oistrict  supplied  of  rather  over  five  millions 
of  people,  and  found  that  the  average  quantity  of  water  consumed  in  those  towns 
for  domestic  purposes  was  18^  gallons  per  head  per  diem,  showing  what  can  be 
eflected  by  good  management  and  a  careful  observance  of  proper  regulations  for  the 

Erevention  of  waste  without  imposing  any  restriction  on  the  quantity  of  water 
igitimately  used.  The  figures  wnich  I  have  quoted  as  water  for  domestic  purposes 
include  the  unmetered  trade  supplies  and  that  comparatively  smdl  amount  of 
waste  which  cannot  be  prevented,  but  do  not  include  tne  water  supplied  by  meter 
for  trade  purposes,  the  amount  of  which  varies  greatly  in  difierent  towns,  but  being 
paid  for  by  the  consumer  according  to  the  quantity  used  may  be  disregarded  when 
comparing  the  management  of  waterworks  undertakings. 

Some  soft  waters,  more  especially  those  derived  from  moorlands,  have  an 
injurious  action  on  lead  pipes  and  lead-lined  cisterns,  and  are  liable  to  cause  lead 
poisoning  in  sensitive  persons  drinking  the  water,  but  this  action  is  now  commonly 
prevented  by  bringing  the  water  into  contact  with  lime  before  distribution. 

In  certain  instances  of  public  supplies,  the  hardness  of  the  water  is  reduced  by 
one  of  the  several  softening  processes  now  in  use,  but  it  more  frequently  happens 
that  the  softening  is  eflected  by  those  consumers  who  require  soft  water  for  boiler 
or  other  trade  purposes. 

A  few  words  with  regard  to  the  water  supply  of  the  town  in  which  the 
Meeting  of  the  British  Association  is  now  being  held  may  not  be  out  of  place,  the 
more  especially  when  it  is  borne  in  mind  that  the  rapid  growth  of  its  population 
during  the  last  half  century  could  not  have  taken  place  but  for  the  introduction 
pf  a  supply  of  good  water.  .       _C    ooal^ 
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The  Southport  Waterworks  Company,  by  whom  water  was  originaUjIiia^ 
to  Southport,  was  establishtdd  under  the  authority  of  an  Act  of  Parliament  piM 
in  the  year  1854.  Water  was  first  obtained  from  a  well  sunk  at  Scuidbni 
about  five  miles  south-east  of  Southport,  a  source  which  was  prscticallj  ta^- 
seded  by  another  well  which  was  a  few  years  later  sunk  at  the  Aoghtoa  pon^' 
station  near  Ormskirk.  As  the  population  to  be  supplied  increased  in  joaim. 
the  Company  subsequently  sunk  a  third  well,  and  constructed  the  still  kic; 
Springfield  pumping  station  near  Town  Green,  about  nine  miles  sooth-ciiit  ■ 
Southport,  and  it  is  from  the  Aughton  and  Springfield  wells,  both  sunk  inis  t^ 
Bunter  Beds  of  the  New  Red  Sandstone  formation,  that  the  prMent  excelk: 
supply  of  water  is  derived.  At  each  pumping  station  the  water  is  railed  bjapi-' 
of  beam  rotative  steam-engines  into  two  covered  service  reservoirs  aitnsteaBtli 
summit  of  GK>r8e  Hill,  near  Ormskirk,  at  an  elevation  of  260  feet  above  ordase 
datum,  or  in  other  words,  above  the  mean  level  of  the  sea.  From  this  reeomi* 
water  is  brought  through  two  main  pipes  to  Southport  and  Birkdak,vti(s 
places  have  from  the  commencement  of  the  undertaking  had  the  adraatage  o^i 
constant  service.  The  late  Mr.  Thomas  Hawksley  acted  as  sogineer  to  tk 
company  from  its  formation  until  his  death  in  18d3,  and  I  subsequentljictidi 
that  capacity  until  the  transfer,  under  the  powers  of  the  Southport  W;r 
^Transfer)  Act,  1901,  of  the  undertaking  of  the  company  to  the  Southport,  Bb- 
dale,  and  West  Lancashire  Water  Board,  consisting  of  repree«ntatiTW  of  '^ 
Corporation  of  Southport,  the  Urban  District  Council  of  Birkdale,  and  the  B^^ 
District  Council  of  West  Lancashire. 

The  advances  in  recent  years  in  chemical  science,  and  the  applicatioo  (^  tit 
science  of  bacteriology  to  the  examination  of  water,  have  led  to  the  condamitft^ 
of  waters  which  a  fe  wyears  ago  would  have  been  deemed  to  be  perfectly  niui* 
for  a  town  supply.  Whilst  fully  appreciating  the  advantages  to  be  denTedfis 
the  most  careml  examination  of  water  supplied  for  domestic  consumption,  Icua^ 
but  think  that  we  are  sometimes  unnecessarily  alarmed  by  the  results  olntiiie^ 
Taking  a  broad  view  of  the  subject,  and  looking  to  the  healthy  condition  <^  ^ 
which  have  for  many  years  been  supplied  with  water  from  sources  now  re^- 
wit^  suspicion,  I  venture  to  think  that  the  teachings  of  chemistry  and  bactecalflr 
are  as  yet  but  imperfectly  understood,  and  that  in  the  future  it  will  be  fofid^ 
some  waters  now  considered  of  doubtful  character  are  perfectly  good  and  whobe^, 
I  am  well  aware  that  the  expression  of  these  views  may  call  forth  the  iiidigiii!^ 
of  some  of  my  friends  amongst  eminent  chemists  and  bacteriologists  to  v^ 
opinions  on  such  subjects  I  feel  bound  to  pay  deference.  A  Bo^ial  CooiBi!^ 
has  recently  recommended  that  a  Government  department  be  estaUk^i^ 
endowed  with  enormous  powers  of  interference  with  the  action  anddiseiftis^ 
the  bodies  ^trusted  by  Parliament  with  the  re^onsibility  of  the  admiotftntki- 
water  supplies,  and  it  behoves  those  bodies  to  give  careful  consideration  to  tsi^ 
recommendation,  and  to  take  such  steps  as  may  be  necessary  to  chedr  anj  att^ 
to  give  efiect  to  a  proposal  which  may  result  in  committing  them  to  the  eanr^ 
out  of  unreasonable  requirements,  possibly  involving  needless  expenditore,i^^ 
bidding  of  a  Department  from  whose  dictum  they  may  have  no  appeal 

Although  a  matter  only  indirectl^r  connected  with  water  supply,  I  think  it  s^ 
be  of  scientific  interest  to  this  Section  to  have  brought  to  their  notice  the  oi^' 
the  River  Rede  in  Northumberland,  which  takes  its  rise  in  the  Cheviotfs  A:> 
place  called  Catcleugh,  about  four  miles  below  the  source  of  the  Rede,  itsvK^ 
are  diverted  by  the  r^ewcastle  and  Gkiteshead  Water  Company  for  the  snp^ ' 
their  district.  The  gathering-ground  above  the  point  of  diversioa  is  th». 
10,000  acres  in  extent,  and  the  quantity  of  water  taken  is  ascertained  bj  meitf^ 
a  gauge,  and  registered  continuously  by  a  recording  instrument.  An  inspectiosf 
the  duigrams  taxen  during  periods  in  which  there  was  no  rain&U  shows  a  (^? 
variation  in  the  volume  oi  water  flowing  down  the  river.  For  example,  dmi^  ^ 
period  of  eight  days  (June  9  to  16, 1899)  without  interruption  by  rain,  the  gnj*" 
rise  and  fall  of  the  river  was  almost  regular,  day  by  day,  the  maximoia  ^ 
occurring  about  9  a.h.,  and  the  minimum  about  9  p.]f .,  the  diffsrenoe  hetween  tv 
two  amounting  to  nearly  10  per  cent,  of  the  total  quantity/ pasfflng' down  the  n^ 
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it  the  time  of  minimum  flow.  Various  suggestions  as  to  the  cause  of  this 
3h.exiomenon  have  been  made^but  I  am  uaable  to  giveany  satisfactory  explanation. 
Lt  occars  in  winter  as  well  as  in  summer,  and  may  take  place  daily  throughout  the 
fear,  though  it  cannot  be  observed  except  during  dry  periods.  It  may  well  be 
thBit  a  similar  phenomenon  occurs  in  other  rivers,  but  has  escaped  observatioD 
o^wing  to  the  absence  of  recording  gauges. 


The  following  Papers  were  read : — 

1.   King  Edward  VIL  Bridge  over  the  River  Thames  between  Brentford 
and  Kew.    By  Cxtthbert  A.  Brbrbton,  MJnst.C.E, 


2.  Illustrations  of  Graphical  Analysis.    By  J.  Harbison. 


FBTDAZ  SEPTEMBEB  11. 
The  following  Papers  and  Report  were  read : — 

1 .  The  Equipment  of  the  Manchester  Municipal  Technical  Institute^ 
By  J.  H.  Ketnolds. 


2.  Report  ofUie  Committee  on  the  Resistance  of  Road  Vehicles 
to  Traction, — See  Reports,  p.  365. 


3.  Improvements  in  Locomobile  Design,    By  T.  Clarkson, 
Assoc.M.InsLC.E, 


4.   The  Problem  of  Modem  Street  Traffic,    By  Lieut.-CoL  Crompton,  C.B. 

The  author  points  out  that  this  is  the  question  of  the  day,  that  the  roadways 
in  large  cities  are  increasingly  congested  in  spite  of  relief  beong  given  by  shallow 
and  deep  underground  railways,  by  great  extensions  of  tramways,  and  by  much 
costly  widening  and  straightening  of  winding  streets.  Heroic  proposals  are  made 
to  cut  wide  thoroughfieires  through  London — in  fact  to  Haussmanmse  London.  A 
Hoyal  Commission  is  sitting  to  investigate  the  whole  question  of  the  communica- 
tions of  London. 

The  paper  does  not  discuss  these  larger  schemes,  but  draws  attention  to  the 
great  extent  by  which  traffic  regulation  would  ameliorate  matters. 

The  author  suggests  the  formation  in  every  large  town  of  a  traffic  depart- 
ment, possibly  under  the  control  of  the  head  of  the  police.  This  traffic  department 
should  be  empowered  to  make  rules  for  regulation  of  traffic  and  for  diverting  the 
heavy  traffic  out  of  main  thoroughfares  into  side  streets ;  and  would  be  the  expert 
authority  to  deal  with  all  traffic,  rail  and  trade,  proposals  coming  before 
Parliament  or  the  county  councils. 

Chief  cause  of  the  congestion  of  traffic  is  the  mixed  nature  and  varying  speeds 
at  which  it  is  carried.    Fast  and  slow  traffic  ou^ht  to  proceed  in  different  streets. 

The  proposed  traffic  department  would,  m  the  case  of  London,  require 
increased  powers  being  given  to  the  police ;  hence  the  careful  consideration  and 
sanction  of  Parliament ;  and  this  will  take  time.  Some  of  our  large  towns  have 
already  obtained  in  their  private  Bills  considerable  powers  for  dealing  with  street 
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traffic.  Nottingham,  for  instance,  lias  taken  up  the  matter  of  regulating  the  Wtt 
traffic.  It  is  believed  that  the  present  paper  may  be  of  use  to  those  deilae 
with  traffic  matters. 

In  ideal  conditions  of  traffic  the  lines  of  vehicles  are  all  parallel  to  the  ki 
and  under  favourable  conditions,  with  vehicles  of  approximately  the  as»  ipee: 
the  streets  have  an  enormously  increased  capacity.  The  extent  of  thifl  is  fkiv: 
by  a  table  in  which  the  ordinary  London  omnibus  is  taken  as  a  typical  jtiatU. 
The  table  shows  the  number  of  passengers  that  can  be  carried  by  fully  k^ 
omnibuses  past  a  given  point  per  hour  at  various  speeds  and  with  various  intiml) 
between  the  omnibuses.    This  table  is  prepared  from  the  following  fonnok:- 

Where  V  is  the  speed  of  the  omnibuses  in  miles  per  hour. 
D  the  interval  between  the  omnibus^  in  feet. 
S  the  time-interval  in  seconds. 
N  the  number  of  passengers. 


Then 
and 


N  « 137,280  V/D 
S-D/V.    -681 


A  very  useful  regulation  would  be  one  dealing  with  stopping  vehicles,  deEsK 
in  certain  thoroughfares  the  time  which  vehicles  may  be  allowed  to  stop.  It^ 
suggested  that  a  great  many  goods  which  are  required  for  the  regular  sa^jaft 
neighbourhood  may  be  delivered  between  certain  hours,  other  than  thoso  vk 
traffic  is  usually  most  congested. 

Great  reliei  would  be  given  to  traffic  by  the  removal  of  stopping  ^^^^ 
altogether  from  the  streets.  This  could  be  effected  by  some  modification  of  ^ 
court  and  porte-cochere  system  so  largely  used  in  continental  cities.  In  ^ 
case  many  offices  or  places  of  business  could  open  into  one  court  into  which  tbidk 
vehicles  would  draw  out  of  the  public  thoroughfare. 

A  much  larger  proportion  of  the  message  and  business  visiting  of  oor  lest 
towns  could  be  carried  on  bicycles  (which  is  probably  the  vehicle  most  eeoM«* 
of  space  of  those  which  use  the  roadway)  if  facilities  could  be  given  for  storisf 
them  near  the  places  of  business.  This  could  be  arranged  in  the  prop^ 
courts.  Motor  vehicles  also  could  be  stored  in  sub-basementa  by  the  use  ot  B^ 
and  in  this  way  a  considerable  proportion  of  the  vehicles  bringing  pw^iic' 
into  the  business  quarter  in  the  morning  could  be  stored  there  i£  £iy  and  ^ 
avoid  the  necessity  of  a  daily  double  empty  journey. 

Relief  can  also  be  given  to  traffic  by  regulations  as  to  returning  esfj 
carriages.  These,  in  many  cases,  need  not  return  by  the  most  direct  and  In^ 
routes. 

The  author  points  out  that  one  great  cause  of  congestion  is  due  to  cross  tni' 
carried  on  the  same  level.  Sir  John  Wolfe  Barry  has  suggested  bridging  our  v^ 
thoroughfares  and  carrying  cross  traffic  over  or  under  them.  Th^  sooces^ 
widening  experiment  at  Hyde  Park  Comer  has  shown,  however,  that  if  cooaAs- 
able  widening  is  carried  out  at  crossings — in  fact,  if  something  like  Bejrent  as: 
Oxford  Circus  were  introduced  at  each  important  crossing— great  relief  wonMl^ 
given  to  traffic. 

The  widening  of  both  the  main  street  and  the  cross  street  for  a  certain  disti^ 
on  each  side  of  the  crossing  is  probably  the  most  economical  and  efficient  wif<^ 
increasing  the  capacity  of  a  street  for  any  given  expenditure  of  money. 

Next  comes  tne  speed  question.  Most  of  the  attempts  to  deal  with  no^ 
traffic  have  been  unsuccessful  in  decreasing  the  time  required  to  get  from  ®^  P*? 
of  the  town  to  another.  Electric  tramways,  from  which  much  was  hopei 
practically  do  not  exceed  the  old  omnibus  speed  of  seven  miles  an  hour.  Af*^ 
deal  is  to  be  hoped  from  automobiles,  especiidly  electric  automobiles.  '^ 
vehicles  can  be  run  through  traffic  at  50  per  cent,  greater  speed  than  horse-drtvi 
vehicles.  It  is  to  be  noticed  that  speed  is  desirable  as  for  a  given  axBOim*^ 
traffic  the  number  of  vehicles  required  to  carry  it  ia  inversely  proportioBtl  to  tie 
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speed.  It  is  desirable  that  the  mean  speed  should  closely  approach  the  maximum 
speed.  This  can  only  be  obtained  by  using  very  considerable  power,  so  as  to  give 
a  great  rate  of  acceleration.  Rapid  rate  of  acceleration  and  great  brake-power  is 
all  important  in  facilitating  traffic. 

Most  towns  have  their  older  and  more  important  streets  arranged  radiating 
from  the  original  centre,  market-place  or  otherwise.  This  tends  to  extra 
congestion  near  the  centre  of  the  town,  but  it  can  be  relieved  by  concentric 
circular  roads  or  boulevards,  so  that  traffic  crossing  a  large  town  can  enter  by  one 
radial  road,  pass  the  centre  by  one  of  these  circular  roads,  then  take  a  radial  out 
again.  These  concentric  roads  are  much  wanted  in  all  towns.  Regulation  of 
foot-passengers  is  as  necessary  as  that  of  vehicles.  Wide  footways  are  needed, 
but  much  can  be  done  by  passengers  always  keeping  to  the  right,  whether  in  the 
footway  or  roadway. 


MONDAY,  SEPTEMBER  14. 
The  following  Papers  and  Report  were  read  :-* 

1.  The  Natwre  and  Qwdity  of  some  Potable  W<Uer$  in  SotUh-toest 
Lancashire,    By  Professor  J.  Campbell  Brown. 


2.  Protective  Devices  for  Sigh-tension  Electrical  Systems^ 
By  W.  B.  WoODHOUSB,  A.M.LM.E,,  A.M.I.E.E. 

The  extending  use  of  high  tension  polyphase  transmission  is  resulting  in  a 
gradual  standardisation  of  the  methods  adopted  to  protect  such  systems  against 
breakdown ;  but  there  is  still  some  considerable  diversity  of  opinion  shown.  The 
writer  proposes  to  discuss  several  points  in  connection  with  the  operation  of  a 
high  tension  polyphase  transmission  system. 

Nature  of  ^stern. 

The  design  of  the  system  should  be  such  that  each  part  is  automatically 
disconnected  in  the  event  of  a  breakdown  of  that  part ;  the  continuity  of  supply 
being  of  primary  importance,  all  parts  should  be  duplicated. 

Stresses  on  the  System, 

In  switching  on  an  unloaded  cable  a  wave  of  pressure  passes  along  the  cable 
and  is  reflected ;  there  may  be  a  rise  of  pressure  to  twice  the  working  value. 

In  switching  on  a  transformer  or  an  induction  motor,  or  any  apparatus  with 

considerable  inductance,  the  full  pressure  exists  for  the  moment  between  adjacent 

coils,  the  greatest  stress  falling  on  the  end  coils.    An  inductive  circuit  has  stored 

PL 
energy  to  the  amount  of  -^  joules,  which  must  be  dissipated  when  the  circuit  is 

broken.  In  a  transmission  system  such  as  is  considered,  this  energy  may  be  con- 
verted to  the  electrostatic  form  on  opening  circuit  with  a  resultant  rise  of  pressure ; 

neglecting  dampmg  effects  the  pressure  may  rise  to  a  value  E  =  1    i/^  or  the  rise 

of  pressure  is  proportional  to  the  current  flowing  at  the  moment  of  interruption. 
Pressure  rise  from  resonance  is  not  likely  to  occur  in  commercial  systems  in  this 
country. 

The  interval  of  time  between  the  occurrence  of  an  overload  and  the  opening  oC 
the  circuit  should  be  inversely  proportional  to  the  magnitude  of  the  overload;  that 
is  to  say,  on  a  moderate  overload  tnere  should  be  a  time-lag  of  some  seconds. 

A  httle  consideration  will  show  that  all  circuit-brenJsers  on  a  system  should  be 
capable  of  breaking  the  whole  power  which  can  flow  into  that  part  of  tl^  system. 
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Protective  Devices  may  be  divided  into  two  classes : 

Circuit  breakers. 

Devices  which  prevent  or  relieve  excessive  rises  of  pressore. 


s 


Class  1  may  be  again  divided  into  two  subdivisions:  (a)  Fuses;  (b)  Switches. 

The  action  of  two  types  of  fuses  is  discussed  and  curves  given  showing  tite 
difference  between  the  two  tvpes. 

The  oil-break  switch  is  found  to  be  the  only  workable  t3rpe  for  large  powers, 
and  the  details  of  operation  of  such  switches  are  gone  into. 

The  automatic  attachments  for  opening  the  switch  on  overloads  and  reversals  of 
power  are  described. 

Class  2  includes  charging  devices,  which  the  author  considers  onnecessuy,  and 
spark-gaps  of  which  a  new  type  of  oil  immersed  snark-gap  is  described,  which,  the 
author  considers,  will  safeguard  a  system  from  undue  pressure-rise. 


3.  Aluminium  as  an  Electrical  Conductor,    By  J.  B.  C.  Kershaw,  F,LC> 

The  increasing  use  of  aluminium  as  an  electrical  conductor  for  bare  ova'he^ 
transmission  lines,  especially  in  the  United  States,  and  the  claims  made  for  this 
metal  as  a  substitute  for  copper,  led  the  author  in  October  1899  to  commence  i 
series  of  exposure  tests  at  two  localities  in  Lancashire,  England. 

These  tests  were  made  in  order  to  ascertain  the  resistance  to  corrosion  offend 
by  commercial  aluminium  rod  and  wire  under  the  conditions  obtaimnfff  with 
exposed  bare  overhead  wires.  Samples  of  iduminium  rod  and  wire  were  obtamed 
from  the  principal  English  firms,  and  in  order  to  make  the  series  of  observations 
more  complete,  samples  of  galvanised  iron  wire  and  of  copper  and  tinned  cop|M? 
wire  were  also  submitted  to  atmospheric  exposure.  The  methods  of  obserratoo 
and  the  resulu  obtained  during  the  first  exposure  period  (from  October  1899  to 
Augnst  1900)  were  described  by  the  author  in  a  paper  read  before  the  London 
Institution  or  Electrical  Engineers  on  January  10, 1901.  This  paper  wvs  reported 
in  most  of  the  English  and  foreign  technical  journals. 

The  present  paper  is  the  record  of  the  observations  made  since  the  date  named 
above,  and  it  contains  the  chemical  and  physical  tests  of  the  aluminium  wiies 
exposed  at  Waterloo,  Lancashire,  together  with  the  results  obtained  during  two 
further  periods  of  exposure,  namely,  firom  August  22, 1900,  to  November  6, 190J, 
and  from  November  9,  1901,  to  December  4, 1902. 

Since  it  may  be  considered  unnecessary  to  repeat  much  of  the  information  cos* 
tained  in  the  Electrical  Engineers'  paper  of  January  1901  the  author  proposes  to 
treat  the  present  paper  as  a  continuation  of  that  of  1901,  and  to  simply  bring  tk 
tables  ana  information  of  the  earlier  paper  up  to  date. 

The  author  then  deals  seriatim  with  the  following  points:  (1)  Production  ao<l 
price ;  (2)  Relative  costs  of  copper  and  alumimum ;  (3)  Installi^ons  of 
aluminium  for  conducting  purposes;  (4)  Durability  tests  of  aluminium  asd 
other  metals  under  atmospheric  exposures ;  and  concludes  his  paper  with  tbe 
following  summary  of  the  results  obtained  in  the  exposure  tests  at  Waterloo: 

'  Summarising  the  results  recorded  in  Table  II.,  we  may  say  that  all  tbe 
samples  of  aluminium  gained  in  weight  during  exposure,  and  that  all  were  ptted 
and  corroded,  especially  on  the  under  side  where  the  water  drops  had  collect^ 
and  dried.  The  rods  appeared  to  have  sufiered  rather  less  than  the  wires,  and  it 
is  therefore  probable  that  in  the  course  of  drawing  down,  aluminium  wire  unde^ 
goes  physical  change. 

'  The  author  does  not  wish  to  base  any  unfair  conclusions  upon  the  results 
obtained  in  these  exposure  tests.  He  may,  however,  claim  to  have  proved  that 
some  of  the  aluminium  rod  and  wire  which  was  being  manufactured  and  sold  m 
England  for  electrical  purposes  in  the  years  1899  and  1901,  was  not  able  to 
stand  atmospheric  exposure  on  the  coast  of  Lancashire  without  corrosion.  It  is 
only  a  fair  deductioD  from  these  exposure  tests  to  assert  that  aluminium  w^^' 
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facturers  have  yet  to  prove  the  metal  a  satisfactory  and  durable  substitute  for 
copper  in  bare  overhead  traDsmission  lines,  or  for  electrical  work  which  involves 
expo9ure  to  climates  near  the  sea  coast.^ 

Three  tables  accompany  the  paper,  the  first  showing  the  output  and  average 
price  of  aluminium  annually  for  the  period  1890-1902 ;  the  second  giving  details 
of  the  exposure  tests  at  Waterloo;  and  the  third  containing  chemical  and 
physical  tests  of  the  aluminium  wires  used  in  the  author's  experiments. 


4.  The  Electrical  Condtictivity  of  certain  Aluminium  Alloys  as  affected  by 
exposure  to  London  AtTnosphere,    By  Erkbst  Wilson. 

This  paper  gives  the  results  of  a  second  year's  exposure  of  twenty-four  alloys  in 
the  form  of  wire  *126  inch  (3*2  mm.)  in  diameter.  The  first  year's  exposure-tests 
were  described  at  the  Belfast  meeting  in  1902.  It  was  then  shown  that  if  alu- 
minium be  alloyed  with  copper  in  varying  proportions  ('11  to  2*61  per  cent.)  the 
effect  of  exposure  was  to  mcrease  electrical  resistance  to  a  greater  extent  the 
greater  the  percentage  of  copper.  During  the  second  year's  exposure  this  process 
has  progressed  still  further,  bitt  to  a  less  extent.  The  aluminium  appears  to  cover 
itself  with  a  protecting  film.  The  manganese  alloys  are  interesting  in  that  they 
have  not  increased  electrical  resistance  during  the  second  year's  exposure.  The 
nickel  series  have  also  changed  very  little  during  the  second  year's  exposure.  On 
the  other  hand,  the  nickel-copper  alloys,  which  showed  no  increase  of  electrical 
resistance  during  the  first  years  exposure,  have  changed  during  the  second  year's 
exposure.  For  exposed  light  aluminium  alloys,  the  results  connrm  the  conclusion 
arrived  at  in  the  1902  paper,  that  copper  alone  should  not  be  used  in  con^)ara- 
tively  large  quantities. 

5.  A  Method  for  finding  tlie  Efficiency  of  Series  Motors* 
By  Ernest  Wilson. 

This  paper  describes  a  method  of  finding  the  efficiency  of  series  motors  which 
the  author  nas  found  to  work  well  in  practice,  and  which  is  capable  of  giving 
great  accuracy.  The  armatures  of  two  like  machines  are  mechanically  coupled 
together,  either  through  or  without  gearing,  according  as  it  is  desired  to  obtain 
the  efficiency  of  either  machine  inclusive  or  exclusive  of  its  gearing.  In  the  test 
one  machine  runs  as  a  motor  and  delivers  its  energy  to  the  other,  which  runs  as  a 
generator,  loaded  on  an  external  resistance.  The  two  field-coils  and  the  motor 
armature  are  placed  in  series  across  the  supply  mains,  and  thus  the  machines  are 
conveniently  magnetised  to  the  same  degree.  It  is  usual  in  such  tests  to  measure 
the  input  of  the  motor  and  the  output  of  the  generator  as  direct  quantities,  the 
difference  giving  the  energy  dissipated  in  the  system.  The  losses  due  to  electric 
current  in  the  respective  ohmic  resistances  can  then  be  subtracted  from  such 
difference,  and  the  remainder,  due  to  eddy  currents,  magnetic  hysteresis,  brush, 
bearing,  and  wind  friction,  can  be  found.  Instead  of  measuring  the  volts  and 
amperes  at  the  motor  and  generator  terminals  respectively,  the  author  measures 
(1)  the  volts  at  the  motor  terminals,  and  the  difference  between  these  and  the  volts 
at  the  generator  terminals  ;  (2)  the  amperes  delivered  to  the  motor,  and  the 
difference  between  these  and  the  amperes  m  the  generator  armature  circuit.  For 
the  latter  purpose  he  employs  two  low -resistance  shunts,  one  placed  in  each  cir- 
cuit, and  a  miUivoltmeter  so  connected  that  it  reads  the  difference  of  potential 
difference  due  to  the  two  currents  in  the  respective  low-resistance  shunts.  The 
wires  connecting  these  shunts  pool  the  like  poles  of  the  machines  together,  so  that 
a  voltmeter  placed  between  their  other  poles  reads  the  difference  of  potential 
difference  of  the  machines.  The  author  then  gives  a  numerical  example  to  show 
that  the  accuracy  obtainable  is  much  greater  when  this  differential  method  is 
employed,  than  by  the  first  described  method. 
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6.  Parallel  Working  of  AUemators}    By  B.  Hopkinsok. 

The  hunting  of  alternating-current  machines  is  considered  as  a  case  of  oscilla- 
tion about  a  state  of  steady  motion.  The  oscillations  may  be  forced  oscillatiiHis, 
produced  by  uneven  turning  moment  in  the  engines,  or  free  oscillations,  such  as  are 
set  up  on  switching  a  machine  into  parallel  when  slightly  out  of  phase.  The 
importance  of  the  forced  oscillations  depends  largely  on  the  relation  between 
the  period  of  the  cause  producing  them  and  the  period  of  the  free  oscillations. 
Let  ^'o  ^  ^^^  maximum  angular  phase-displacement  of  a  dynamo  driven  by  a 
periodically  uneven  turning  force  as  compared  with  a  wheel  rotating  uniformly  at 

the  same  speed,  the  dynamo  being  disconnected  from  the  bus-bars.    Let  -—  be  the 

a 

2ff 
period  of  the  variation  in  turning  moment,  *v-  the  natural  period  of  swing  of  the 

o 
dynamo.    Then  the  maximum  phase-displacement  when  the  dynamo  is  coiinected 
to  bus-bars  supplied  with  alternating  E.M.F.  of  constant  amplitude  and  perio- 
dicity is  '       / 


«o=r,/G'!:-i) 


The  usual  rule  as  regards  flywheel  effect  is  that  f^^  shall  not  exceed  a  certain 
value,  varying  for  different  designs.  This  is  equivalent  to  limiting  ^^  provided 
that  b  is  small  compared  with  b'j  or  that  the  natural  period  of  swing  is  long  com- 
pared with  the  forced  period.  With  the  weight  of  flywheel  required  to  satisfy  the 
ordinary  rules  of  design  for  proper  parallel  working,  this  condition  is  generally 
fulfilled.  These  rules,  therefore,  as  a  rule,  directly  limit  the  phase  angle  of  swing 
in  ordinary  working.  What  is  wanted,  however,  is  limitation,  not  of  the  angle, 
but  rather  of  the  fluctuation  in  the  rate  at  which  energy  is  ffiven  to  the  bus-bars  to 
which  that  angle  corresponds..  This  depends  on  the  self-induction  of  the  machine. 
Hence  the  very  considerable  differences  in  the  angular  deviation  permitted  by 
different  designers ;  a  machine  with  lar^  self-induction  will  stand  a  bigger  angular 
deviation  than  will  one  with  small  self-induction. 

Similar  considerations  apply  to  a  synchronous  motor  or  a  converter  connected 
to  mains  in  which  there  is  a  periodical  fluctuation  of  E.M.F.,  owing  to  imeven 
velocity  in  the  supply  generators.  In  this  case,  however,  as  it  is  unusual  to  put 
any  flywheel  on  the  motor,  the  danger  of  approximate  equality  between  b  and  d' 
is  much  greater.  Probably  many  cases  of  hunting  of  rotaries  might  be  better  and 
more  cheaply  cured  by  putting  flywheels  on  the  rotaries  than  by  excessive  require- 
ments as  to  even  turning  moment  in  the  generator. 

The  importance  of  the  free  oscillations  depends  on  whether  they  are  damped 
out  or  not.    The  equation  of  motion  is 

£  being  the  phase  displacement  from  the  state  of  steady  motion,  and  M  the 
moment  of  inertia  of  the  machine  on  a  suitable  scale.  The  solution  of  this 
equation  is 

h 
f  =  f^e-  2M  sin  (a^  +  i;). 

where  5  =  A/  /-  if  b  is  small,  and  "J^  is  the  period  of  the  oscillation.  Most  oscil- 
lating  systems  possess  viscosity,  in  which  case  b  is  positive,  and  the  oscillations 

^  Published  in  extenso  in  the  Electrician,  September  18, 1903. 
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rapidly  die  away  if  once  started.  If  however  b  be  negatiye,  even  though  very 
small,  the  oscillations  continually  increase  in  amplitude,  and  the  motion  is  un- 
stable. In  the  case  of  a  synchronous  motor,  havm^f  its  field-magnets,  armature 
condactors,  and  armature  so  perfectly  laminated  that  no  appreciable  Foucault 
currents  flow  therein,  and  in  which  the  field  current  is  kept  constant,  b  is  negative, 
and  the  motion  is  unstable.  In  most  actual  cases,  however,  this  element  in  b  is 
very  small,  and  is  in  practice  overpowered  by  true  viscous  terms,  such  as  arise 
froni  Foucault  currents  in  the  armature  conductors  and  in  the  substance  of  the  pole- 
piecee.  Where  motors  or  converters  are  used  on  long  transmission  lines,  however. 
It  may  become  important,  and  the  motion  may  be  unstable  from  this  cause,  giving 
rise  to  serious  hunting,  even  with  turbine-driven  generators. 

The  effect  of  damping  coils  or  amortisseurs  on  the  free  oscillations  is  considered 
and  explained.  In  the  case  of  coils  surrounding  the  pole-pieces,  the  induced 
currents  set  up  by  the  varying  armature  reaction  add  a  term  to  b  whose  sign 
depends  on  the  load.  At  light  loads  it  may  be  negative,  and  in  that  case  these 
ecus  may  act  as  additional  causes  of  unstability.  This  efiect,  also,  is  of  com- 
paratively small  importance  in  ordinary  cases,  but  may  become  important  in 
motors  on  lonff  transmission  lines. 

The  other  kind  of  damping  coils,  consisting  of  copper  grids  let  into  the  face  of 
the  pole-pieces,  always  give  rise  to  true  viscous  forces,  and  consequently  tend  to 
make  the  motion  stable.  Moreover,  their  efiect  is  much  more  powerful  than  is 
that  of  coils  surrounding  the  pole-pieces,  and  by  their  use  it  is  generally  possible 
to  make  ^positive.. 

The  efiect  of  damping  coils  on  the  forced  oscillations  can  be  inferred  from  the 
observed  rate  of  damping  of  the  free  oscillations,  and  is  generally  insignificant. 


7.  On  Electrical  Propulsion  as  the  General  Means  of  Transport, 
By  Jambs  N.  Shoolbred,  BA,,  MJnstC.B. 

The  tendency  of  the  last  few  years  has  been,  in  England  and  elsewhere,^  to 
introduce  electnc-tractive  power — on  tramways,  on  railways,  on  road-carriages, 
on  canals,  in  automobiles,  and  in  other  ways.  But  these  vanous  groups  have  each 
been  acting  independently  of  the  others — isolated,  and  in  some  cases  actuated, 
thereto,  by  motives  of  jealousy,  or  of  hostility,  due  to  the  dread  of  confiicting 
commercial  interests. 

Besides  the  above  proposed  applications  for  electrical  traction,  there  have 
sprung  up  in  various  directions  what  may  be  termed  *  universal  providers  of 
electricity,'  under  the  head  of  electrical  power  schemes,  &c. ;  to  acquire  a  right, 
nay,  even  a  practical  monopoly,  over  very  large  areas,  to  provide  a  supply  of 
electricity  for,  within  certain  limits,  all  purposes,  whether  for  locomotion,  or  for 
stationary  purposes. 

It  is  only  reasonable  to  suppose  that,  if  instead  of  a  number  of  confiicting 
interests,  the  various  parties  coiud  be  made  to  combine  and  fuse  together  the  several 
portions  of  their  common  work,  so  as  to  avoid  a  repetition,  and  antagonistic,  in 
some  cases,  of  some  portions  thereof,  there  might  then  arise  mutual  benefit,  as  well 
as  economy,  not  merely  to  the  operators  themselves,  but  also  to  the  community  at 
large.  One  difiiculty  lies  in  the  confiicting  interests  and  in  the  jealousy  amongst 
the  various  classes  of  operators.  But  anotner  danger  to  the  public,  more  especially, 
lies  in  the  monopoly  which  virtually  might  thereby  be  afibraed  to  the  operators. 

An  attempt  nas  been  recently  made  by  the  Liverpool  Corporation,  the  Mersey 
Docks  and  Harbour  Board,  and  the  South  Lancashire  Electric  Tramways  to  give 
expression  to  this  tendency  for  co-operation  among  the  various  workers ;  and 
there  are  indications  in  Yorkshire  and  elsewhere  of  similar  tendencies  coming 
into  operation. 

Although  the  result,  so  far,  of  the  attempt  above  referred  to  has  been  rather 
to  accentuate  than  otherwise  the  difficulties  which  beset  a  imited  imdertaking  of 
Buch  a  character,  yet  the  benefits  which  would  ultimately  accrue  to  the  public 
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(say  in  cheapening  the  cost  of  transportation  by  a  more  comprehenaiTe  and  united 
action  among  the  workers)  fully  warrants  their  being  discussed. 

In  the  paper  particulars  are  proposed  as  would  tend  to  such  a  joint  action,  and 
to  the  benefits  arising  therefrom. 

8.  Report  of  the  Committee  on  the  SmcUl  Screw  Gauge, 
See  Reports,  p.  378. 


TUESDA  r,  SEPTEMBER  16. 
The  following  Papers  were  read : — 

1.  Twenty-Jive  Years^  Progress  in  Final  and  Sanitary  Refuse  Disposal, 
By  W.  F.  Goodrich. 


2.  nigh  S])eed  Electrical  Monorails  and  the  proposed  Manchester  and 
Liverpool  Express  Railway,     By  F.  B.  Bbhr. 

Since  a  paper  on  the  above  subject  was  read  before  the  British  AssociatiaB 
in  1900  by  Bir  William  Preece  and  Mr.  Behr,  much  progress  has  been  made  witk 
this  project.  The  demand  for  faster  and  more  frequent  passenger  service  k 
leading  more  and  more  to  the  necessity  of  separating  the  fast  and  slow  traffic  oa 
our  railways.  The  railway  companies  are  attempting  in  some  instanees  to  dupli- 
cate their  main  lines,  but  owing  to  the  inter-communication  which  is  still 
maintained  between  the  fast  and  the  slow  lines,  there  are  many  opportunities  for 
accidents  due  to  shunting,  points,  crossings,  etc. 

By  adopting  the  Behr  monorail  for  the  fast  line,  the  express  traffic  is  kefrt 
entirely  separate ;  it  can  also  be  carried  on  with  absolute  safety  and  more  economy 
by  a  system  of  light  and  frequent  express  trains  than  could  be  accomplished  on  a 
two-rail  track.  As  regards  speed  the  monorail  enables  a  much  higher  aTerage 
speed  of,  say,  at  least  100  miles  an  hour  to  be  adopted  with  absolute  safety,  ani 
on  the  existing  curves  of  our  British  railways.  With  an  ordinary  two-rail  track 
it  would  not  hQ  possible  to  attain  a  higher  average  speed  than  about  sixty  miks 
an  hour. 

The  constant  slackening  of  speed  on  entering,  and  the  subsequent  acceleratioEi 
on  leaving  a  curve  on  a  two-rail  track  would  require  much  additional  power, 
besides  introducing  the  danger  of  derailment  through  forgetfulness  on  the  part  of 
the  driver  or  electrician  to  slow  down  when  necessary.  The  monorail  eUminatis 
these  conditions. 

A  description  illustrated  by  lantern-slides  was  given  of  the  pennanent-wtj 
and  car  as  used  on  the  experimental  railway  in  Belgium  in  1897,  also  of  the 
permanent-way  as  approved  by  the  Board  of  Trade  for  the  Manchester  and  lA^tt- 
pool  Railway,  and  of  the  latest  improvements,  recently  made,  in  the  design  <^ 
the  car  which  is  to  be  used  on  the  railway. 

Thtj  advantages  of  the  monorail  over  the  ordinary  two-rail  track,  in  giving 
rapid  and  safe  transit,  will  help  efiectually  to  bring  about  the  decentralisation  <h 
our  great  towns,  afford  a  means  to  all  classes  of  livine  farther  in  the  countrr, 
and  thus  mitigate  the  evils  of  overcrowding  by  solving  the  question  of  the  housing 
of  the  working  classes. 

3.  Oil  Fuel    By  A.  M.  Bell. 

The  increasing  interest  and  steady  progress  in  the  employment  of  oil  as  fael 
for  various  purposes  suggests  the  compilation  of  the  paper  submitted. 

Oil  fuel  has  been  a  favourite  field  for  the  ingenuity  of  inventors  for  many 
years.    The  first  applications  appear  to  have  been  made  in  France,  bat  nameroos 
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experimental  installations  have  followed,  and  in  Russia  its  general  employment 
may  be  said  to  haye  commenced  about  1870,  when  the  development  of  the 
enormous  oil  supplies  of  the  Apcheron  Peninsula  became  an  accomplished  fact, 
and  the  first  oil-fuel  steamer  appeared  on  the  Caspian  Sea. 

In  the  United  States,  where  the  crude  oil  of  the  Pennsylvanian  field  contains 
a  larger  percentage  of  light  oil,  the  use  of  liquid  fuel  until  recently  has  been  on  a 
less  extended  scale ;  now,  however,  the  discoveries  in  California  and  Texas  have 
provided  enormous  supplies  of  crude  oil,  practically  only  suitable  for  this  service 
and  great  advances  have  consequently  been  made  in  its  use. 

In  this  country  many  attempts  have  been  made,  but  owing  to  the  absence  of 
regular  supplies  progress  has  not  been  so  rapid  as  in  the  cases  mentioned  above. 
The  manufacture  of  oil  gas  and  carburetted  water  gas  has,  however,  thrown  on  the 
market  products  of  a  character  only  suitable  for  fuel,  and  rendered  its  adoption 
possible  on  a  limited  scale. 

The  different  methods  of  burning  oil  fuel  may  ba  summarised  as  follows: 
(1)  thode  wherein  it  is  burned  in  bulk  form  ;  (2)  in  a  sprayed  or  atomised  condi- 
tion ;  and  (3)  consumed  as  vapour  or  gas.  The  first  mentioned  procedure  has 
received  most  application  in  Russia,  whereas  the  last  has  enlisted  most  attention 
in  the  United  States  owing  to  the  lighter  character  of  the  oils  available.  Gene- 
rally, however,  the  second  or  spraying  system  may  be  looked  upon  as  the 
favourite,  most  generally  adopted,  and  probably  the  most  successful :  hence  the 
chief  attempts  at  improvement  appear  to  have  been  devoted  to  it.  The  most 
effective  device  is  doubtless  that  requiring  the  least  quantity  of  the  atomising 
agent  (steam  or  compressed  air)  for  operation,  and  until  recently  the  attention 
of  worlcers  in  this  direction  has  been  centred  on  the  burner  employed,  the  con- 
struction of  the  furnace,  which  is  of  as  much  importance  for  a  good  result,  being 
somewhat  neglected.  Further,  a  due  consideration  of  the  admittance,  distribu- 
tion, and  temperature  of  the  air  for  combustion  is  absolutely  essential  to  success. 

The  latest  developments  of  spraying  apparatus  point  to  the  employment  of  oil 
fuel  under  pressure,  heated  to  a  hiffh  temperature,  sprayed  with  dry  steam,  and 
the  fire  fed  with  heated  air  for  combustion. 

For  steamers  the  use  of  oil  fuel  possesses  advantages  over  coal  in  excess  of 
those  which  can  be  urged  in  its  favour  when  employed  on  land :  reduced  storage 
space,  less  number  of  men  required,  an  increased  steaming  capacity  from  a  given 
supply  of  fuel,  are  points  of  the  greatest  value  from  the  marine  aspect  of  the 
question. 

For  locomotives  the  assistance  of  oil  fuel  is  valuable  on  the  long  runs  without 
stopping,  now  becoming  common,  the  difficulties  of  firing  and  the  trouble  from 
dirty  fires  being  no  longer  present.  The  application  in  this  direction  has  been 
much  improved  and  simplified  during  the  past  few  years  with  a  view  of  securing 
the  reliability  of  the  apparatus  under  all  conditions  of  service,  and  the  methoa 
devised  by  Mr.  Holden,  of  the  Great  Eastern  Railway,  of  arranging  the  apparatus 
has  been  extensively  adopted  owing  to  the  opportunities  it  affords  for  the  use  of 
solid  or  liquid  fuel,  or  both,  at  will  or  as  circumstances  may  make  moft  desirable. 
In  Russia  and  the  United  States  some  hundreds  of  locomotives  are  regularly 
running,  using  oil  as  fuel ;  and  numerous  examples  are  to  be  found  in  this  and 
other  countries  where  coal  has  become  an  expensive  commodity. 

For  furnace  work  oil  fuel  offers  uniaue  advantages,  and  many  interesting 
applications  have  been  made  to  meet  the  special  requirements  of  annealing 
tempering,  metal  melting,  brazing,  &c.  In  glass  making  and  enamelling  oil  fuel 
has  met  with  considerable  adoption,  and  portable  furnaces  of  all  kinds  are  success- 
fully operated  with  it ;  in  bridge-work,  shipbuilding,  &c.,  oil-fired  rivet  furnaces 
are  to  be  preferred  to  any  form  of  solid  fuel-heating  device. 

In  storage  oil  fuel  has  many  favourable  features.  It  occupies  a  minimum  of 
space,  does  not  deteriorate  by  exposure,  and  is  easier  of  transportation  and  distri- 
bution. 

In  the  Far  East  and  many  Oriental  countries  the  importation  of  oil  fuel  has 
now  become  a  regular  undertaking,  and  supplies  are  guaranteed  in  many  cases 
where  wood  has  bBCome  scarce  and  imported  coal  an  almost  prohibitii»  af^^  |p 
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4.  Further  Experiences  vAOi  the  Infantry  Range-finder, 
By  Professor  George  Forbes,  F.E.S, 

This  paper  deals  with  the  facility  of  learning  to  use  the  range-finder,  b 
employment  with  artillery,  and  its  accuracy  in  the  hands  of  men  selected  vitk 
good  eyesight. 

In  1901  the  author  exhibited  to  the  British  Association  his  portable  sUaec- 
scopic  infantry  range-finder,  and  gave  the  results  of  trials  to  test  its  aocoracy. 

To  test  its  durability  in  the  field,  the  author  used  it  in  the  South  African  w, 
with  Colonel  Crabbe's  column,  under  General  Sir  John  French,  and  the  lepoctk 
upon  its  accuracy  and  durability  in  the  field  were  certainly  sads&ctory.  Ik 
results  obtained  in  actual  war  and  under  fire  were  given  to  tlie  Association  at  tk 
last  meeting. 

The  onlv  noint  remaining  to  be  established,  in  order  to  prove  its  en^  soiti- 
bility  for  intantry,  is  the  facility  of  learning  its  use,  some  people  haTiog  a 
suspicion  that  the  stei^eoscopic  efiect  would  not  be  obtained  by  a  large  proportui 
of  ordinary  men.  The  following  results  show  that  out  of  over  fifty  men  who  f&n 
the  range-finder  a  trial  of  five  minutes,  not  one  failed  to  take  ranges  with  e^ 
siderable  accuracy,  and  only  one  was  not  sufficiently  interested  to  give  the  £n 
minutes*  necessary  attention  to  it. 

These  trials  took  place  at  Aldershot  under  a  War  Office  Conomittee,  and  it 
Bisley  under  the  auspices  of  the  National  Rifle  Association.  In  the  former  as 
three  sergeants  and  five  privates  were  chosen  haphazard  for  instruetioa ;  tod, 
although  the  weather  was  most  imsuit'Sble,  not  one  of  them  £u]ed,  and  tb 
progress  made  by  all  of  them  was  most  satisfactory.  At  the  Bisley  trials  fistr- 
one  men  took  instruction,  and  all — ^with  the  dngle  exception  already  mentiowi 
— were  able  within  half  an  hour  to  take  easy  ranges  with  accuracy;  whik  fifiea 
of  them  presented  themselves  for  a  prize  competition  in  its  use.  The  resBb 
obtained  oy  the  winners  of  the  first  two  prizes  at  five  distances  chosen,  vpt? 
1,670  yards,  were :  Sergeant  F.  E.  Pollard  had  an  average  error  of  108  yiM? 
or  1*1  per  cent,  of  the  average  distance ;  and  his  average  time  for  an  obsetraiiK 
was  12  seconds.  Colonel  Milner's  average  error  was  11*4  yards,  or  I'i  pt 
cent,  of  the  average  distance;  and  his  average  time  for  an  ofae^vatioD  vu 
14*5  seconds.  It  is  worthy  of  note  that  not  one  of  the  competitors  had  preTiooilT 
received  more  than  one  hour's  instruction  or  practice,  while  Sergeant  PoUaid,  t^ 
winner  of  the  first  prize,  had  never  seen  the  instrument  until  about  half  an  te 
before  he  actually  competed. 

Experiments  were  made  with  the  infantry  range-finder  in  July  1903  cc 
Salisbury  Plain  with  artillery.  The  object  sought  was  to  correct  for  the  «wr^ 
the  day,  including  variations  in  ammunition  and  weather,  more  quickly  tbaa  k 
possible  by  the  existing  system  of  bracketing  by  firing  the  first  shot  with  shnfttl 
which  bursts  in  the  air,  taking  the  range  of  this  burst — which  is  seen  as  a  wIbk 
cloud — and  making  the  necessary  correction  for  the  second  shot,  which  i^ 
then  be  on  the  target.  The  results  obtained  at  two  ranges  are  as  follows^  tk 
distance  short  or  over,  as  found  by  the  range-finder,  being  first  given,  and  ^ 
the  same  distance  as  estimated  by  the  range-party  near  the  taiget,  for  eati 
shot : 

I.  Range,  2,840  yards— (1)  200  short,  150  short;  (2)  100  short,  200fib«t: 
(3)  120  short,  170  short;  (4)  200  short,  210  short;  (6)  160  short,  160  ahoH. 
(6)  100  short,  110  short;  (7)  60  short,  60  short. 

II.  Range,  3.635  yards— (1)  250  short,  160  short;  (2)  360 short,  S^dwrt; 
(3)  100  over,  40  over;  (4)  120  short,  130  short ;  (6)  200  short,  60  flbart, 
(6)  220  short,  140  short ;  (7)  80  over,  30  over. 

The  above  records  include  every  shot  observed  both  by  the  nmge-fimkrsfti 
the  range-party  during  the  period  referred  to,  and  prove  the  importance  of  xaiiaag 
further  use  of  this  method. 

The  great  accuracy  of  this  range-finder  in  the  hands  of  men  with  ordzavt 
eyesight  made  it  desirable  to  find  out  what  could  be  done  by  selected  man  vrit^ 
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good  eyesight — those,  for  example^who  had  estahlUhed  a  reputation  for  good 
rifle-shooting.  The  following  are  a  few  examples  of  Mr.  F,  £.  Pollard's  work 
with  different  specimens  of  range-finder  at  long  distances : 

I.  Ben  Vrackie  at  Pitlochry,  range-finder  No.  11 :  the  consecutive  readings 
were  5,000,5,200,  5,100,  5,200,  5,200;  mean,  5,140.  Distance,  from  Ordnance 
Survey,  5,210  yards. 

II.  The  same  ohject  and  distance,  range-finder  No.  10 :  5,150,  5,100,  5,000, 
6,000,  5,200;  mean,  6,090. 

III.  Same  object  and  distance.  Base  No.  2,  Binocular  No.  10 :  5,200,  4,950, 
5,150,  5,200 ;  mean  of  four  observations,  5,125. 

IV.  Same  object  from  a  different  point,  range-finder  No.  12 :  6,050,  6,100, 
0,200,  6,200,  6,150 ;  mean,  6,140 ;  distance,  from  Ordnance  Suriey,  6,200  yards. 

V.  An  example  of  a  test  of  No.  10  range-finder  made  by  Mr.  Pollard  when 
ignorant  of  the  true  distance,  the  range-finder  having  been  adjusted  two  months 
previously,  and  having  travelled  hundreds  of  miles  and  been  used  frequently  in 
the  interval.  Observing  station :  Pouton,  Sunbury,  Middlesex.  Object  observed  : 
Tower  of  HoUoway  College ;  indistinctlv  visible.  Successive  readmgs  :  10,750, 
10,900,  10,560,  10,000,  9,800,  9,800,  9,850;  mean,  10,236;  distance  on  Ordnance 
Survey,  10,200  yards.  It  will  be  obvious  that  even  with  the  maximum  error  of 
nil  these  readings  at  a  distance  of  almost  six  miles,  this  instrument,  designed  only 
for  use  with  infantry  up  to  3,000  yards,  is  capable,  in  the  hands  of  a  skilled 
observer,  of  giving  results  of  the  utmost  value  not  only  to  artillerists  but  also  to 
surveyors  and  travellers. 

5.    Water-supply  in  South-west  Lancashire, 
By  Joseph  Paeey,  MJnstCE. 


6.  Ravnfcdl  on  tJi^e  River  Bann,  County  Doton^  Ireland,  at  Banbridye^  and 
at  Lough  Island  Reavy  Reservoir.     By  John  Smyth,  Jf.il.,  M,In8t,C,E,L 

The  author  read  a  paper  at  the  Belfast  meeting  in  1876  on  the  rainfall  of 
Banbridge  for  ten  years  1864-1873 ;  also  on  the  rainfall  of  Ulster.  He  now  gives 
a  summary  of  the  rainfall  at  Banbridge  for  forty  years,  1862-1901.  The  average 
for  the  whole  period  was  31-1  ;  the  wettest  year,  1872,  with  46*6  inch  fall; 
the  driest,  1887,  with  23*1  inches  fall.  The  greatest  fall  in  twenty-four  hours, 
23  inches,  on  October  12, 1865.  On  July  4,  1883,  at  7.80  p.m.,  1-6  inch  fell  in 
one  hour.  The  greatest  ten  years'  average  was  33*3  from  1872-1881 ;  the  least, 
29*1,  from  1862-1871.  The  average  rainfall  at  the  reservoir,  twenty  miles  farther 
up  the  stream  than  Banbridge,  for  the  same  forty  years,  was  44  inches. 


7.  On  tlie  Rate  of  Fall  of  Rain  at  Seathwaiie. 
By  Hugh  Robert  Mill,  D,Sc,^  LL.D, 

A  recording  rain-gauge  on  Negretti  and  Zambra's  pattern  was  established  at 
Seathwaite,  in  Cumberland,  in  the  wettest  part  of  the  Lake  District,  in  July 
1899,  by  the  late  Mr.  Symons,  and  records  were  obtained  up  to  the  end  of 
December  1900.  Ordinary  observations  of  rainfall  are  available  for  many  years 
at  the  same  place,  and  as  the  average  of  thirty-eight  years  (1865-1902)  the  rate 
of  fall  is  '614  inch  per  rainy  day,  a  rainy  day  being  one  on  which  more  than 
•005  inch  falls ;  and  on  the  average  there  are  216  such  days  in  the  year,  the  total 
mean  annual  rainfall  being  132*53  inches.  The  total  number  of  rainfall  days  for 
the  eighteen  months  (July  1899-December  1900)  was  350,  the  total  rainfall  by 
the  recording-gauge  182*91  inches,  or  at  the  rate  of  '523  inch  per  rainy  day.  The 
average  duration  of  rainfall  was  four  and  three-quarter  hours  per  rainy  day,  or 
nearly  double  the  duration  in  London.  During  tne  period  in  question  rain  fell 
daring  1,696  hours,  or  at  an  average  rate,  when  raining,  of  '108  inch  ppr  hour,   , 
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Taking  account  of  continuous  falls  of  six  hours'  duration  or  longer,  tlioevm 
ninety-one  occasions  with  a  total  duration  of  822  hours,  a  total  fall  of  99^  ncki 
and  an  average  rate  of  '122  inch  per  hour. 

Taking  account  of  falls  exceeding  *50  inch  in  amount,  there  were  eigiitj-ii 
occasions  with  a  total  duration  of  703^  hours,  a  total  fall  of  109*47  inches^  aida 
average  rate  of  '166  inch  per  hour. 

The  maximum  rate  at  which  i  inch  or  more  of  rain  fell  daring  the  eigfateff 
months  in  question  was*  560  inch  per  hour,  a  total  of  1*40  inch  falliog  in  tro  k 
a  half  hours  from  8  to  10.30  p.m.  on  September  21,  1899.  This  u  i  tilv 
rate  compared  with  the  fall  of  from  2  to  3  inches  in  aa  hour,  which  mijocr:: 
in  a  thunderstorm  in  any  of  the  drier  parts  of  the  country ;  and  even  if  tXfm-i 
is  confined  to  falls  of  one  hour  only,  no  instance  occurred  of  a  rate  qoil  r 
'7C»  inch  per  hour.  The  peculiarity  of  the  Seath  waite  rainfall  seems  to  he  tti  bi: 
duration  and  comparatively  small  rate  of  fall.  The  longest  and  hesTiest  sboK 
in  the  period  considered  was«ineteen  and  a  quarter  hours,  during  whidi  3'59iBciie 
of  rain  fell,  at  an  average  rate  of  *186  inch  per  hour. 

The  duration  of  rainfall  during  daylight  (sunrise  to  sunset)  and  during  iia- 
ness  (sunset  to  simrise)  was  calculated  for  the  year  1900,  with  the  result:— 


Nomberof        Amount  of  Rain.  Rate.  „     v^^nm 

Hours'  Rain  Inches  Inches  per  Hour  ^°°**'  **   ■ 


Daylight     .        .  595  61*28  -103  197 

Darkness    .        .  596^  6466  108  IT! 


This  shows  that  the  duration  of  rainfall  in  daylight  and  darkness  wu  por^- 
cally  identical,  but  that  there  was  a  very  slightly  greater  intensity  in  the  t^- 
than  during  the  day. 

It  is  very  desirable  to  extend  the  use  of  recording  rain-gauges,  and  to  b  ' 
much  value  the  scale  should  be  open  enough  to  give  exact  readings,  ftda^ 
giving  a  separate  record  strip  for  each  day. 


8.  On  the  Tided  Regime  of  the  River  Mersey, 
By  James  N.  Shoolbrkd,  -5.-4.,  MJn^CE, 

Since  the  last  meeting  of  the  British  Association  at  Southport  in  1883|  tn^ 
years  ago,  many  circumstances  have  occurred  to  change  the  tidal  i^bk  of^ 
River  Mersey.  Of  these  the  principal  are : — (1)  the  removal  by  dredging  of  tket^ 
of  the  bar  (to  a  depth  of  seventeen  feet)  which  closes  the  seaward  eitreona'^ 
the  river  in  the  estuary :  (2)  the  rectification  of  the  sides  of  the  channd  ^ 
the  river,  due  to  the  construction  of  the  dock  and  other  walls,  on  both  skies oi^ 
river,  but  principally  on  the  Bootle  shore  of  the  Lancashire  side. 

In  the  upper  portion  of  the  tidal  river  the  Manchester  Ship  Canal  his  »** 
probablv,  contributed  somewhat  to  changes  in  the  tidal  regime ;  though  to  ^ 
extent  is  a  matter  of  dispute. 

The  two  first-named  causes  have  undoubtedlv  produced  very  cowws*^ 
effects  by  the  freer  passage  for  the  ingress  and  tne  outlet  of  the  tidsl  ^^ 
due  to  the  partial  removal  of  the  impeding  wall  formed  by  the  bar,  tod  17^ 
readier  flow  and  ebb  of  the  tidal  stream,  i^orded  by  the  smooth  feces  of  ^ 
walls  at  die  more  recently  constructed  Northern  Docks  and  elsewhere. 

The  resiilt  of  the  dredging  operations,  alone,  has  been  to  provide  tbrongboBit» 
entire  distance,  from  the  bar  throughout  the  Queen's  Channel,  and  right  up  t^^ 
landing  stage,  a  central  waterway  having  a  depth  of  twenty-seven  feet  if  f* 
water  of  the  lowest  spring  tides ;  while  at  high  water  of  the  same  ^'^^^^  *^^| 
depth  of  fifty-eight  feet.  This  has  entailed,  during  the  period  18^^^^^ 
dredging  of  29  imllion  tons  of  sand  at  the  bar,  of  46  millions  in  Uie  estotfjc"'^ 
nels,  and  of  10  millions  in  the  river  itself,  making  a  total  of  85  vbSH^  ** 
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Further  details  of  the  improved  condition,  for  the  purposes  of  navigation,  are  also 
added  in  the  paper. 

But  another  object  of  the  paper  is  to  endeavour  to  provide  data  for  the  recal- 
culation of  the  data  of  the  tidal  regime,  as  amended  by  the  above  results,  by  what 
is  known  as  the  method  of '  harmonic  analysis.' 

This  method  of '  harmonic  analysis '  of  the  tides  was  first  brought  before  the 
British  Association  in  1872  in  a  long  report  by  Sir  William  Thomson  fnow  Lord 
Kelvin),  Profe-ssor  J.  0.  Adams,  Professor  Rankine,  and  others.  A  further  report, 
however,  on  the  subject,  and  illustrative  of  the  method,  as  used  in  the  reduction 
of  the  Indian  tidal  observations,  was  presented  at  the  1883  meeting  in  Southport 
by  Professor  G.  II.  Darwin  and  Professor  J.  0.  Adams. 

Since  then,  in  1885,  Professor  G.  H.  Darwin  has  communicated  to  the  Royal 
Society  the  data,  resulting  from  the  harmonic  analysis  of  the  tides  at  Liverpool. 

It  is  urged,  however — and  apparently  on  trood  authority— that  the  actual  data 
now  atforded  by  the  tidal  regime  of  the  Mersey,  resulting  from  the  changes 
referred  to  at  the  commencement  of  the  paper,  are  such  as  to  render  it  advisable 
to  again  submit  the  Mersey  tides  to  a  further  examination  by  '  harmonic  ana- 
lysis.* 

The  writer  would  suggest  that  a  Committee  might  be  formed,  with  the 
object  of  obtaining  the  necessary  Tidal  data,  and  in  a  form  suitable  for  Harmonic 
Analysis  thereof. 


9.  History  of  ike  Discovery  of  Natwrdt  Gas  in  Sussex^  ffeathfidd  District, 
By  Richard  P£arson. 

The  first  find  of  gas  which  has  come  to  my  knowledge  was  made  in  1836  at 
Hawkhurst  in  West  Sussex. 

Natural  gas  next  appeared  during  the  famous  sub-Wealden  boring  of  1873-75, 
at  a  place  called  Netheraeld.  The  sub-Wealden  was  started  to  commemorate  the 
visit  of  the  British  Association  to  Brighton,  1872.  Mr.  Topley  records  at  602  feet 
a  bed  1  foot  thick,  very  rich  in  petroleum.  This  was  in  the  Kimmeridge  clay, 
290  feet  from  the  surface. 

Willet  records  on  this  bore  :  *  Indications  of  petroleum  became  more  distinct 
at  about  160  feet  from  top  of  the  Kammeridge  clay;  all  below  that  depth  is 
more  or  less  impregnated  with  petroleum.' 

Natural  gas  was  not  used  to  any  great  extent  in  America  before  1885.  It  was 
about  that  date  that  Mr.  Andrew  Carnegie  used  natural  gas  in  his  steelworks. 

At  Heathfield,  some  time  ago,  a  firm  of  well-drillers  were  boring  a  well  for 
water  on  the  site  of  what  is  now  the  Heathfield  Hotel.  At  300  feet  the  borers 
met  an  inflammable  gas;  but  as  they  were  seeking  for  water,  and  none  was 
reached,  the  borehole  was  cemented  up  and  left. 

In  August  1896  men  employed  by  the  same  firm  were  at  work  boring  a  well 
for  the  L.  B.  &  S.  C.  Railway  Company  for  water ;  at  a  depth  of  300  feet  they 
also  found  an  inflammable  gas.  But  no  water  was  reached  even  when  another 
100  feet  had  been  sunk. 

Three  years  afterwards  the  railway  company  decided  to  put  the  gas  to  some 
useful  purpose,  and  ever  since  the  railway  station  has  been  lit  with  natural 
gas.    The  consumption  is  about  1,000  cubic  feet  per  day. 

Hearing  of  this  very  practical  outcome  of  the  second  discovery,  I  expected 
to  hear  also  that  explorations  would  be  made  to  discover  the  extent  of  the  gas- 
bearing  area.  But  finding  that  no  further  steps  were  taken,  I  communicated  with 
some  American  friends,  who  asked  me  to  take  steps. 

I  located  positions  for  six  exploratory  boreholes  to  be  made ;  we  commenced 
boring,  and  in  all  of  the  boreholes  we  have  struck  gas,  at  levels  varying  from 
300  to  400  feet  from  the  surface,  the  farthest  borehole  of  the  six  being  distant 
some  1,200  yards  from  the  railway  station. 

These  six  boreholes  are  started  in  the  geological  formation  known  as  the 
Hastings  bed,  whicli — in  the  Heathfield  district — ues  some  400  feet  geologically 
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above  the  sub-Wealden  boring  at  Netfaerfield^  which  was  started  in  the  Fukf 
bed.  This  Hastings  bed  is  composed  principally  of  sandstones  and  iioii  \es^ 
which  make  it  a  '  cap  *  admirably  adapted  for  acting  as  a  natural  hoUer  it 
gaseous  volumes. 

Ileathfield  is  built  on  the  well-known  Mid-Sussex  anti-clinaL  Ths  s^ 
Wealden  boring,  started  in  the  Purbeck  bed,  situated  some  nine  miles  east, iin 
the  same  anti-clinal.  This  fact  conclusively  proves  the  relative  identity  of  tie tw 
discoveries. 

The  Purbeck  is  well  known  to  be  bituminous  throughout.  The  Kimnerife 
clay,  which  lies  some  200/eet  below  the  Purbeck,  has  been  proved  to  be  ta 
thickest  bed  of  Kimmeridge  in  England,  and  250  feet  of  this  bed  is  known  to  be 
of  a  very  bituminous  nature.  Again,  the  Oxford,  lying  below  the  KimiDei%.» 
known  to  be  also  bituminous. 

In  searching  for  natural  gas  in  the  United  States,  three  things  are  iefi  ii 
view : — 

Firstly,  Have  the  rocks  been  distttrbed  P  (If  eo,  no  fbrther  time  seed  V 
wasted  looking  for  gas.) 

Secondly.  Is  it  an  anti-clinal  formation  ? 

Thirdly.  Are  there  any  known  bitominous  beds  below  ? 

Holding  these  points  in  view,  I  may  say  that :— - 

1.  In  this  part  of  Susse.T  we  have  the  iron  formation  of  the  Hasting  ■ai' 
practically  undisturbed, 

2.  It  is  well  known  to  geologists  that  the  North  and  South  Downs  are  siip-J 
the  outliers  of  an  enormous  anti-clinal. 

3.  There  are  three  successive  bitttratnoiui  beds  proved  to  lie  iniBediatelya^ 
the  sandstones. 

At  Alay field,  about  five  miles  from  Heathfield,  we  hftve  oommeneed  loM^s 
two  positions  on  the  Tunbridge  Wells  sands. 

We  are  now  boring  over  some  200  square  miles  in  the  county  of  SutKL  Ai 
Heathfield  we  are  already  supplying  between  seventy  and  eighty  hooaei  ^ 
natural  gas.  We  have  obtained  facilities  firom  the  L.  B,  &  S.  C.  Bailway  ^ 
pany  to  lay  our  conduit  pipes  along  their  lines. 

The  Composition  of  Heathjield  Natural  C^o*,— The  Suesex  gas  ia  ka  «§» 
state  gives,  in  an  ordinary  '  Argand '  burner,  a  light  of  about  IS-oandle  povei. 

IVofessor  DLxon,  who  I  believe  analysed  Heathfield  giis  for  the  Royai  C« 
Commission,  has  put  on  record  figures  which  account  for  the  high  illiUBB^ 
value  it  has  been  proved  to  possess. 

He  gives  as  its  constituents : — 

Methane 934  per  cent« 

Ethane 3-0        « 

Nitrogen     . 2*7        „ 

Carbonic  oxide 09        „ 

The  great  point  in  the  future  of  Heathfield  gas  will  be  its  value  as  we^  ^ 
provide  machine  power. 

The  engines  in  use  at  Heathfield  consume  about  13  cubic  feet  to  15  pef  k*^ 
power. 

The  heating  power  that  is  to  be  obtained  from  a  gas  containing  93perc«si 
of  methane  is  obvious. 

In  an  estimate  made  last  year,  it  transpired  that  in  America  one  million  1k«** 
holds  and  four  million  people  were  furnished  with  this  ideal  fuel  and  light. 

The  ironworks  of  the  Wealden  area  employed  some  fifty  thousand  mrt id  l**" 
when  the  coal  in  tbe  North  took  the  iron-working  away  from  the  South.  ^^^^ 
not  an  ounce  of  iron  is  smelted.  ,    , 

The  fuel  is  the  cheapest  in  the  world,  the  coat  of  carriage  will  be  obvialPi 
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and  in  addition  to  seeing  the  old  industries  revived,  we  shall  have  opened  up  an 
enormous  tract  of  country  for  new  industries  which  at  present  is  devoted 
solely  to  agriculture. 

The  pressure  general  at  Heathfield  varies  from  134  lb.  to  200  lb.  per  square 
inch.  As  to  the  permanencv  of  the  gas,  I  may  state  that  in  China  natural  gas — 
from  identically  similar  geological  formations — has  been  used  for  evaporating  salt 
for  over  one  thousand  years. 

The  United  States  have  some  eleven  thousand  wells  bwed  j  we  have  at  present 
nine,  and  are  in  course  of  sinking  ten  others. 

The  comparison  of  gaseous  fuels  is  approximately  as  follows : — 

Per  1,000  cubic  feet  at  40°  -P.,  and  at  Atmospheric  Fresanre. 

Natural  gas 1,100.000  units  of  heat 

Coal  gas              .         .•       .         .         .         .  735,000            „ 

Water  gas 822,000            „ 

Producer  gas  (heated)       ....  156,000            „ 


WEDNESDAY,  SEPTEMBER  I64 
The  following  Papers  were  read : — 

1.  The  Effect  of  Traffic  and  Weather  on  Macadamised  Roadsy  and  th& 
Prevention  of  Dust,     By  T.  AiTKESy  AssocM.Inst.CE, 

This  ptq)er  deals  with  the  problem  of  improving  the  structural  condition  of 
macadamised  roads  to  withstand  the  effect  of  weather  and  the  ever-incrensing 
fast  vehicular  traffic,  especially  that  of  motor  cars. 

After  describing  the  methods  followed  in  connection  with  the  making  and 
repairing  of  macadamised  roads,  the  author  deals  in  brief  with  the  principal 
points  to  be  observed  when  first-clasa  work  is  required.  The  quality  of  the 
metalling  (embracing  the  trap  rocks  generally,  but  more  particularly  basalt/ 
andesite,  felsite,  diabase,  and  some  dolerites,  being  very  much  superior  and  leSvS 
greasy  in  wet  weather  than  limestone  and  most  granites).  The  binding  material 
IS  specially  noticed,  and  also  the  effect  of  weather  and  traffic  is  described. 

The  smoothness  of  macadamised  roads  when  properly  made  compares  favour* 
ably  with  street  pavements  as  tested  by  the  viagraph.  It  is  also  pointed  out 
that  macadamised  roads  begin  to  wear  at  a  comparatively  early  period  after  being 
repaired.  The  causes  of  this  are  stated  and  the  probable  remedy,  so  as  to  ensure 
greater  cementitious  power  between  the  component  parts  of  macadamised  roads^ 
It  is  specially  pointed  out  that  the  binding  and  not  the  metalling  should  be 
treated,  and  preferablv  after  the  road  has  been  repaired,  when  contour  and  surface 
are  at  their  best,  bifferent  methods,  recently  carried  out,  of  treating  mac- 
adamised roads  with  petroleum  or  tar  are  mentioned,  and  the  author  describes 
a  method  by  which  tar  in  its  natural  state  can  be  applied  to  a  road  surface  in 
the  form  of  a  fine  spray,  under  pressnre,  the  penetration  into  the  binding  being 
from  2  to  4  inches.  The  experiments  carried  out  show  a  decidedly  improved 
surface,  but  adverse  climatic  conditions,  extending  for  a  considerable  time  past, 
have  precluded  information  of  a  reliable  nature  being  recorded.  It  is  pointed 
out  that  the  time  has  fully  arrived  for  farther  improving  the  structural  condition 
of  macadamised  roads,  and  it  is  to  be  hoped  that  the  methods  adopted  and 
described  in  this  paper  will  tend  in  that  direction  and  prove  successful. 

2.  Pendulum  Apparatus  for  Testing  Steel  as  regards  Brittlcness. 
By  E.  G.  IzoD. 

The  ability  of  materials  in  general  and  steel  in  particular  to  withstand  shock  is 
a  subject  of  great  importance  to  all  engineers,  ana  this  paper  gives  an  outline  of 
the  systems  generally  in  use  for  carrying  out  brittleness  tests,  with  rem&rks  on 
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each;  ^nd  further  explaios  the  use  of  the  pendalum  apparatus,  as  used  by  Messrs. 
Witlans  and  RobinsoD,  with  the  reasons  that  led  to  its  adoption. 

Tests  bj  shock  or  tests  for  brittleness  have  from  the  earliest  times  been  used 
by  engineers,  especially  on  the  Continent ;  and  Swedenborg,  in  1734|  gives  some 
interesting  particulars  of  the  rule-of-thumb  tests  carried  out  by  purchasers  of  iron 
in  those  days ;  and  in  nearly  every  case  an  impact  or  brittleness  test  was  used, 
which  though  only  emfnrical  was  oo  doubt  all  that  was  required,  and  gave  »  deal 
of  useful  information. 

At  the  present  time,  probably  owing  to  the  state  of  perfection  to  which  the 
testing  machine  has  been  brought,  there  is  too  much  inclinalion  to  neglect  other 
properties  of  material  which  the  usual  tests  do  not  detect,  but  which  are  quite  as 
important  as  the  usual  standard  physical  tests ;  and  that  this  is  so  is  shown  br 
M.  Fremont^s  paper,  published  by  the  Soci^t^  d*£ncouragem<fnt  pour  rindiuitne 
Nationale,  September  1901,  in  which  he  throws  an  extraordinary  light  on  the 
brittleness  question,  and  gives  several  instances  where  serious  fractures  in  struc- 
taral  and  other  steel  were  not  aoooiinted  for  by  any  of  the  ordinary  testing  methods, 
but  were  readily  explained  when  tested  for  brittleness  by  an  impact  machine. 

At  Messrs.  Willans  &  Robinson's,  Rugby,  it  has  long  been  felt  that  a  method 
of  testing  such  as  used  by  M.  Fremont  and  others  was  wanted  to  detect  the  reason 
for  certain  fractures  which  were  inexplicable  by  the  ordinary  methods  used ;  and 
an  experimental  pendulum  impact  machine  was  made,  and  the  tests  carried  oat 
with  It  gave  promise  of  such  good  results  that  a  standard  machine  was  made  and 
is  in  use  at  the  present  time,  giving  results  which  gain  in  importance  with  eveiy 
series  of  experiments  carried  out  on  it. 

Many  t\-pes  of  im|)act  machines  are  used,  but  the  pendulum  form  of  apparatas 
seems  to  give  most  satisfactory  results :  it  can  be  calibrated  to  give  direct  readings 
for  energy  absorbed,  and  lends  itself  to  very  quick  working  even  by  an  inexperienced 
operator. 

The  idea  of  the  arrangement  is  as  follows : — A  weight  is  suspended  penduluni- 
wise  on  a  stiif  rod,  which  swings  from  a  centre  designed  to  be  as  frictionless  li 
pos:»ible.  This  weight  or  tup  is  then  moved  out  of  the  vertical  and  allowed  to  fall 
on  to  the  free  end  of  a  test-piece  gripped  by  the  other  end  in  a  vice,  the  specimen 
being  notched  to  locate  the  break,  the  height  of  fall  being  always  made  sufficieat 
to  cause  fracture  with  one  blow,  A  suitable  measuring  arrangement  is  used  to 
record  the  energy  remaining  in  the  weight  after  fracture  of  test-piece  has  occurred; 
and  this  subtracted  from  the  calculated  energy  in  the  tup  before  fracture  gives  the 
energy  required  to  break  the  specimen. 

Measurements  are  taken  of  the  test-piece,  and  results  are  transferred  to  equi- 
valent energy  absorbed  on  specimen  one  inch  square. 

The  paper  is  accompanied  by  drawings  of  the  apparatus  and  tables  of  resoltA 
obtained. 


3.  Permanent  Set  in  Cctst  Iron  due  to  Small  Stresses,  and  its  Bearing  on 
ifie  Design  of  Piston  Rings  and  Sjyrings,     By  C.  H.  Winofibld. 

Some  of  Messrs.  Willans  &  Robinson's  steam  packing  rings,  each  consisting  of 
an  outer  cast-iron  *  ring '  of  uniform  section,  and  of  the  same  diameter  as  the 
bored  cylinder  in  which  it  worked,  and  on  inner  cast-iron  'spring'  ring  of  section 
varying  as  described  in  vol.  II.  of  Unwinds  '  Machine  Design,'  under  the  heading 
'  Theory  of  a  Cast-iron  Spring  Ring,'  were  tested  as  to  equality  of  their  out^'ard 
pressures  per  inch  of  circumference.  AVhereos  by  published  formulae  they  should 
have  agreed  in  this  respect,  it  was  found  that  they  actually  differed  considerably. 
Some  springs  made  specially  for  the  purpose,  and  haying  different  amounts  of 
'follow,^  but  alike  in  other  respects,  were  then  experimented  with  by  being 
forced  into  circular  ring-gauges,  and  being  removed  and  measured  after  periods 

*  By  *  follow '  is  meant  the  difference  of  diameters  of  the  spring  when  free  and 
when  forced  into  its  working  position.  This  difference  enabled  the  combined  ring 
and  spring  to  follow  op  and  compensate  for  wear. 
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Ttryiog  from  one  minate  to  forty-eight  hours.  It  was  found  that  their  diameters 
were  reduced  hy  this  treatment,  the  greater  part  of  the  permanent  set  having 
taken  place  during  the  tirst  fifteen  minutes,  and  that  its  amount  increased  with 
the  '  follow '  origioaUv  given  to  the  springd.  It  was  also  found  that  a  measurable 
amount  of  set  was  proiiucible  by  merely  squeezing  the  rings  between  the  hands. 

After  the  rings  had  been  compressell  to  a  definite  size  K>r  two  days  or  more  they 
acted  as  reliable  springe  so  long  as  the  initial  amount  of  compression  was  not  exceeded. 

Some  slight  inaccuracies  in  published  formuhe  applicable  to  rings  formed  of 
materials  such  as  steel,  not  liable  to  permanent  ^et  from  such  light  loads  as  piston 
rings  are  subject  to,  were  briefly  alluded  to  and  a  correct  formula  given  ;  but  it 
wa.s  pointed  out  that  that  usually  published  was  simpler  and  sufficiently  accurate 
in  use,  though  not  applicable  to  cast  iron.  Some  elaborate  formuke  had  been 
publislied  by  E.  V.  Clark  on  the  *  Theory  of  Cast-iron  Beams,'  ^  and  could  perhaps 
be  modified  to  suit  the  special  case  under  consideration ;  but  they  were  not  con- 
venient, and  the  proportions  found  by  direct  experiment  appeared  preferable; 
moreover  the  amount  of  set,  and  consequently  the  actual  (as  compared  with  the 
initial)  follow,  could  onljr  be  found  by  trial. 

The  amount  of  'sprmg'  in  a  cast-iron  ring  with  loads  not  exceeding  that 
which  had  produced  permanent  set  was  much  greater  than  appeared  to  be  generally 
realised.  A  spring  ring  about  5|  inches  diameter,  0*26  inch  thick  radially  and 
with  its  ends  about  1^  inch  apart  (after  deducting  the  permanent  set),  could  be 
bent  until  they  met,  and  when  released  they  sprang  back  again  to  ]|  inch  apart. 

4.  A  further  Note  on  Gas-engine  Explosions.     By  H.  E.  Wimpbris. 

In  the  autumn  of  1901  the  Institution  of  Mechanical  Engineers  published  the 
Second  lleport  of  the  Gas-engine  Research  Committee  drawn  up  by  Professor 
F.  W.  Burstall,  and  in  this  manner  there  was  presented  to  the  scientific  and 
engineering  world  a  very  large  mass  of  experimental  results  containing  most 
valuable  information  regardmg  the  internal  economy  of  gas  engines.  Professor 
Burstall  comes  to  several  conclusions,  prominent  among  which  is  his  contention 
th^t  the  results  of  his  experiments  cannot  be  reconciled  without  the  use  of  a 
variable  specific  heat. 

The  writer  has  already  published  in  the  engineering  press  an  account  of 
certain  consequences  which  follow  from  this  hypothesis,  but  before  the  matter 
could  be  considered  upon  a  satisfactory  basis  it  was  necessary  that  the  classical 
experiments  of  Mr.  D.  Clerk  and  Mr.  Grover  should  be  brought  into  line.  In  a 
paper  contributed  to  the  British  Association  last  year,  the  wiiter  analysed  ^Ir  D. 
Clerk's  results  and  showed  that  they  were  in  complete  harmony  with  the  variable 
specific  heat  hypothesis.  In  the  present  paper  the  writer  deals  with  the  experi- 
ments of  Mr.  Grover,  and  shows  not  only  tnat  there  is  no  inconsistency  between 
this  hypothesis  and  Mr.  Grover's  results,  but  that  by  its  adoption  the  explanation 
of  certain  ditficulties  in  these  results  is  the  more  easily  given. 

Thus  in  the  present  paper  and  in  the  one  submitted  last  year  the  writer  claims 
to  have  achievea  the  object  with  which  be  set  out — namely  to  ascertain  whether 
there  was  anything  in  past  records  of  experimental  work  with  gas  engines  which 
would  prove  to  be  incompatible  with  the  adoption  of  a  variable  specific  heat  in 
all  future  gas-engine  calculations.  The  conclusion  is  that  there  is  nothing  in  the 
classical  investigations  of  Mr.  D.  Clerk  or  Mr.  Grover  which  should  afibrd  any 
ground  for  hesitation  in  the  matter. 


5.  Preliminary  Eocperimenis  on  Air  Friction,    By  Wm.  Odell,  A.R.CSc. 

These  experiments  were  begun  with  the  object  of  finding  a  convenient  method 
of  determininpr  the  power  wasted  br  the  windage  of  flywheels  and  dynamo 
armatures.  The  experiments  described  at  length  were  made  with  paper  discs,  which 
Yffit^  mounted  on  the  shaft  of  an  electric  motor. 

\  Minutes  of  Proceedlngt  frutitution  of  Civil  Enginetfi,  vol.  ^xlix.  p.  813. 
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The  excitation  was  kept  constant,  so  that  the  torque  was  proportional  to  di? 
current.  Thus  the  extra  current  required  to  maintain  a  given  speed  after  d»  Sc 
had  been  fixed  to  the  shaft  gave  the  torque  absorbed  hj  the  disc. 

There  was  found  to  be  an  angular  speed  for  each  disc  above  which  the  lor^a* 
was  accurately  pi-oportional  to  about  the  2*5th  power  of  the  speed.  This  cnlKtl 
speed  appeared  to  vary  inversely  as  the  square  of  the  diameter.  Below  it  the  kr 
followed  was  of  a  lower  degree ;  but  owing  to  the  multiplication  of  erron  at 
measurement  no  definite  concluwon  as  to  its  exact  nature  was  arrived  at. 

Ah  the  three  discs  originally  tried  gave  uncertain  results  as  to  the  eflfects  -rf 
sise,  a  much  larger  one,  nearly  4  feet  in  diameter,  was  also  tried ;  and  as  a  renb 
of  all  the  experiments  it  was  concluded  that  the  torque  varies  as  about  the  Siti 
power  of  the  diameter. 

To  itive  an  idea  of  the  amount  of  power  thus  absorbed,  it  may  be  stated  ^ 
a  disc  of  47  inches  required  ^  H.P.  to  keep  up  a  constant  speed  of*  500  revolotic© 
per  minute,  and  that  if  the  above  law  holds  a  9-foot  diac  would  absorb  10  HJ*. 
at  the  same  speed. 

6.  On  MonophfMe  hidaiction  Bepulsion  Motors. 
By  William  Cramp,  A.MJ.B.E, 

The  repulsion  motor  has  in  the  single-phase  system  the  functions  of  the  diiKt 
series  motor  in  the  direct  current  system  of  electrical  distribution,  posseaMOg  tir 
advantage  of  a  large  starting  torque.  In  construction  the  repulsion  resembles^ 
direct  current  motor,  with  the  field  laminated ;  the  armatuiWbrushee  are  s^Kt- 
circuited,  and  the  field  only  is  connected  to  the  supply-mains,  which  constitmei 
great  advantage  over  the  alternate-current  series  motor.  Two  classy  of  repotoK 
motors  are  examined:  (1)  those  with  definite  poles,  and  (2)  those  witbont  defiB> 
poles ;  and  each,  again,  may  have  either  (a)  open-circuited  or  (6)  cloaed-eiiraitBd 
rotors.  Theoretically  the  repulsion  motor  is  always  a  special  case  of  the  aitenate- 
current  transformer.  The  action  i?  shown  by  a  model  which  takes  into  ^epmit' 
account  the  phase  in  time,  and  the  position  in  space  of  the  current  or  of  the  feldpre- 
duced  thereby.  Class  1  have  usually  smaller  starting  torque,  a  lower  maxiwa 
speed,  and  a  more  sparkless  commutation  than  Class  2.  The  locus  of  the  extremitT 
of  the  primary  current  vector  plotted  for  current  and  power-factor  ia  approximitelT 
a  narrow  semi-ellipse ;  the  higher  the  ratio  pole-arc  :  pole-pitch,  the  more  neu^ 
does  the  curve  approach  a  semicircle,  provided  that  the  brusheB  be  moTed  as  llr 
load  alters. 

Open-circuit  motors  have  their  current  formula  and  calculations  complicate 
by  the  presence  of  an  exponential  term,  which  also  renders  commutatioa  we^ 
difficult  and  tends  to  reduce  the  torque  of  the  motor  and  to  shift  the  rotor  cumn 
in  phase  a  little. 

The  author  has  tried  practically  three  different  motors,  each  of  which  «? 
repeatedly  varied  i^  its  detail^i;  he  finds  that  in  every  case  by  suitable  sib^ 
4i vision  of  the  armature-coils  the  motor  may  be  rendered  sparkless.  The  startis^ 
torque  may  be  made  very  large  indeed,  one  rotor  starting  under  fiill  load,  with  ii 
most  only  one-and-a-half  times  full-load  current 

Other  practical  points  are:  (I)  the  advantage  of  working  with  hi^h  aii^ 
density ;  (2)  the  need  for  extreme  rigidity  of  the  bearings  to  avoid  contact  bet^«t« 
^tor  and  stator ;  (3)  the  capability  of  the  machine  to  run  well  above  syncfaroois. 


7.  On  the  Ventilation  of  Tube  Jiailivaya, 
By  J.  W.  Thomas,  F.LC,  F.C.S. 

The  physical  conditions  essential  to  good  ventilation  in  tube  railwayi  v* 
chiefly  dealt  with  in  the  paper,  and  it  is  calculated  that  the  forces  broui^li^  iila 
play  by  the  moving  trains  and  the  natural  heat  of  the  tubes  will  be  ample  if  profo^j 
directed.  In  tube  railways,  if  B  is  the  centre  of  three  stations,  the  down  tni 
moving  from  4-  to  B  wil}  draw  air  ffoip  tfje  4  etfttion  into  tlje  tybe  m4  ^toI  if 
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in  the  B  statioiii  and  the  up  train  moving  from  C  to  B  will  draw  air  from  the  C 
station  into  the  tube  and  expel  it  in  the  B  station.  Three  stations  are  thus 
directly  iovolved,  and  a  triple-station  arrangement  will  best  fulfil  the  physical 
conditions. 

Owing  to  the  elasticity  of  air  the  outlets  for  expelling  the  vitiated  atmosphere 
must  not  be  situated  far  from  the  points  of  greatest  compression,  and  should  begin 
in  the  centre  of  each  station  underground  and  end  in  the  open  air  above  the 
station  at  the  surface. 

For  the  same  reason  the  intakes  for  fresh  air  should  be  close  to  the  points 
where  the  sudden  expansion  of  the  air  begins.  These  points  are  ut  the  ends  of 
the  tubes  which  the  moving  trains  enter. 

Doors  can  be  fixed  at  the  ends  of  the  two  tubes  which  the  trams  enter  in  each 
station,  and  closed  behind  the  last  trains  at  night,  so  that  the  fresh  air  brought  into 
the  end  of  the  tube  immediately  beyond  the  doors  will  drive  out  the  foul  air  into 
the  next  station  by  natural  veutilating  pressure. 

Conclusion, — The  providing  of  fresh  air  inlets  inside  the  ends  of  the  tubes 
which  the  trains  enter,  with  an  outlet  shaft  in  the  centre  of  each  station,  will 
enable  the  moving  trains  to  draw  in  and  expel  enough  air  to  keep  the  atmosphere 
in  good  condition,  even  in  hot  summer  weather.  In  addition  to  this,  however, 
there  are  two  auxiliary  aids  to  ventilation  which  enable  the  station  masters  to 
make  certain  that  the  state  of  the  atmosphere  in  the  tubes  is  satisfactory. 

1.  Having  inlets  and  outlets  as  above,  the  timing  of  the  departure  of  the  up 
and  down  trains  as  tbey  move  towards  the  »<tme  station  will  enable  enormous 
volumes  of  air  to  be  driven  to  the  surface,  and  a  corresponding  volume  will  be 
drawn  in. 

2.  By  closing  the  doors  after  some  of  the  triuns  as  they  leave  the  stations  f^h 
air  must  be  drawn  into  the  tubes. 


8.  Experiments  in  Gas  Explosion, 
By  L.  Bairstow  and  A.  D.  Alexander. 


9.  A  new  Form  of  Mirror  Extensometer.    By  John  Morrow,  M,Sc. 

Mirror  extensometers  have  not  been  much  used  in  this  country.  They  are  not 
self-contained,  and  to  obtain  the  mean  extension  of  a  specimen  two  sets  of 
readings  are  necessary.  There  may  be  errors  due  to  slight  alterations  in  the 
positions  of  the  specimen,  the  telescope,  or  the  scale.  In  the  instrument  described 
an  attempt  has  been  made  to  avoid  these  defects  and  to  obtain  the  mean  extension 
by  a  single  observation. 

Its  special  feature  is  the  use  of  two  mirrors  placed  side  by  side,  one  of  which 
is  attached  rigidly  to  the  instrument  and  the  other  arranged  to  tilt  about  a 
horizontal  line  when  the  specimen  extends.  The  tilting  murror  is  carried  on  a 
piece  of  hardened  steel  of  diamond-shaped  section.  One  edge  of  this  base  is  pressed 
against  a  piece  attached  to  the  upper  pair  of  set-screws,  and  the  opposite  edge 
similarly  apfainst  a  piece  from  the  lower  screws.  The  four  set-screws  serve  to 
attach  the  instrument  to  the  specimen,  and  are  situated  at  opposite  ends  of  two 
parallel  diameters  of  the  test-piece.  Any  change  iu  the  mean  vertical  distance 
oetween  them  is  thus  a  measure  of  the  alteration  in  length  of  the  centre-line  of 
the  specimen,  and  is  accompanied  by  a  slight  tilting  of  the  mirror.  A  telescope  is 
so  placed  that  the  two  images  of  a  scale  are  seen  close  together,  and  to  measure 
extensions  a  convenient  mark  on  the  fixed  image  is  taken  as  an  index,  and  the 
reading  coinciding  with  it  on  the  other  image  is  noted  each  time  the  load  is 
altered.  The  instrument  has  proved  very  satisfactory  with  a  magnification  of 
1600,  when  the  extensions  can  be  measured  to  the  nearest  ^^  t^Virir  of  an  iuch. 
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Section  H.—ANTHROPOLOGY. 

President  of  the  SEcrnoN — Professor  Johnson  Syminqton,  M.D.,  F.RJi, 

F.R.S.E. 


THURSDAY,  SEPTEMBER  10. 

The  President  delivered  the  following  Address : — 

It  is  now  nearly  twenty  years  since  Anthropology  attained  to  the  dignity  ci\0Sf 
awarded  a  special  and  independent  Section  m  this  Association,  and  I  beiiere  it  » 
generally  admitted  that  during  this  period  the  valuable  nature  of  maoy  of  tW 
contributions,  the  vigour  of  the  discussions,  and  the  large  attendance  of  Denks^ 
have  amply  justified  the  establishment  and  continued  existence  of  this  Sectioa. 

While  the  multifarious  and  diverse  nature  of  the  subjects  which  are  gro^ 
under  the  term  Anthropology  gives  a  variety  and  a  breadth  to  our  proeeedng^ 
which  are  very  refreshing  in  this  age  of  minute  specialism,  I  feel  that  it  adds  w 
considerably  to  the  difRculty  of  selecting  a  subject  for  a  Presidential  Address  wkiei 
will  prove  of  general  interest. 

A  survey  of  the  I'ecent  advances  in  our  knowledge  of  the  many  importai^ 
questions  which  come  within  the  scope  of  this  Section  would  cover  too  wiik  i 
field  for  the  time  at  my  dispossl,  while  a  critical  examination  of  the  \ws» 
problems  that  still  await  solution  might  expose  me  to  the  temptation  of  p^0DcnB^ 
ing  opinions  on  subjects  regarding  which  I  could  not  speak  with  any  real  kasv- 
ledge  or  experience.  To  avoid  such  risks  I  have  decided  to  limit  my  remaps  u 
a  subject  wnich  comes  within  the  range  of  my  own  special  studies,  and  to  iantf 
your  attention  to  a  consideration  of  some  problems  arising  from  the  Tariatiow  ■ 
the  development  of  the  skull  and  the  brain. 

Since  the  institution  of  this  Section  the  development,  growth,  and  racial  pen- 
liarities  of  both  skull  and  brain,  and  the  relation  of  these  two  ofgans  to  ei^ 
other,  have  attracted  an  evei^increasing  amount  of  attention.  The  introdaeKks 
of  new  and  improved  methods  for  the  study  of  the  structure  of  the  brain  aad  tk 
activity  of  an  able  band  of  experimentalists  have  revolutionised  oar  knowled^  ^ 
the  anatomy  and  physiology  of  the  higher  nerve  centres. 

The  value  of  the  results  thus  obtained  is  greatly  enhanced  by  the  conecioiaH* 
that  they  bear  the  promise  of  still  greater  sdvances  in  the  near  future.  If  the  rcfishs 
obtained  by  the  craniologist  have  been  less  marked,  this  arises  mainly  fronl^ 
nature  of  the  subject,  and  is  certainly  not  due  to  any  lack  of  energy  on  their  put 
Our  craniological  collections  are  continually  increasing,  and  the  various  prelii!>tait 
skull-caps  from  the  Neanderthal  to  the  Trinil  still  form  the  basis  of  interesTiDgtfi 
valuable  memoirs. 

While  the  additions  to  our  general  knowledge  of  cerebial  anatomy  aad  pit;* 
siology  have  been  so  striking,  those  aspects  of  these  subjects  which  are  of  spedil 
anthropological  interest  have  made  comparatively  slight  progress,  and  canaot  eoB* 
pare  in  extent  and  importance  with  the  advantages  based  upon  a  study  of  fosnl  and 
f^ept  c]*^ni(|.    'Fbese  facts  admit  of  a  read^  explapf^tipn.    Brains  of  aatJiruiw- 
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logical  interest  are  usually  difficult  to  procure  and  to  keep,  and  require  the  use 
of  special  and  complicated  methods  for  their  satisfactory  examination,  while  skulls 
of  the  leading  races  of  mankind  are  readily  collected,  preserved,  and  studied. 
Hence  it  follows  that  the  crania  in  our  anthropological  collections  are  as  numerous, 
well  preserved,  and  varied  as  the  hrains  are  few  in  number  and  defective,  both  in 
their  state  of  preservation  and  representative  character.  It  may  reasonably  be 
anticipated  that  improved  methods  of  preseri^ation  and  the  growing  recognition  on 
the  part  of  anthropologists,  museum  curators,  and  collectors  of  the  importance  ot 
a  htudy  of  the  brain  itself  will  to  some  extent  at  least  remedy  these  defects ;  but  so 
far  as  prehistoric  man  is  concerned,  we  can  never  hope  to  have  any  direct  evidence 
of  the  condition  of  his  higher  nerve  centres,  and  must  depend  for  an  estimate  of  his 
cerebral  development  upon  those  more  or  less  perfect  skulls  which  fortunately  have 
resisted  for  so  many  ages  the  corroding  hand  of  time. 

I  presume  we  will  all  admit  that  the  main  value  of  a  good  collection  of  human 
skulls  depends  upon  the  light  which  they  can  be  made  to  throw  upon  the  relative 
development  of  tne  brains  of  different  races.  Such  collections  possess  few,  if  any, 
brains  taken  from  these  or  corresponding  skulls,  and  we  are  thus  dependent  upon 
the  study  of  the  skulls  alone  for  an  estimate  of  brain  development. 

Vigorous  attacks  have  not  unfrequently  been  made  upon  the  craniometric 
systems  at  present  in  general  use,  and  the  elaborate  tables,  compiled  with  so  much 
trouble,  giving  the  circumference^  diameters,  and  corresponding  indices  of  various 
parts  of  the  skull,  are  held  to  afford  but  little  information  as  to  the  real  nature  of 
skull  variations,  however  useful  they  may  be  for  purposes  of  classification.  While 
by  no  means  }>repared  to  express  entire  agreement  wiih  these  critics,  I  must  admit 
that  craniologists  as  a  whole  have  concentrated  their  attention  mainly  on  the  ex- 
ternal contoiur  of  the  skull,  and  have  paid  comparatively  little  attention  to  the 
form  of  the  cranial  cavity.  The  outer  surface  of  the  cranium  presents  features  which 
are  due  to  other  factors  than  brain  development,  and  an  examination  of  the  cranial 
cavity  not  only  gives  us  important  information  as  to  brain  form,  but  by  affording 
a  comparison  between  the  external  and  internal  surfaces  of  the  cranial  wall  it  gives 
a  valuable  clue  to  the  real  significance  of  the  external  configuration.  Beyond 
determining  its  capacity  we  can  do  but  little  towards  an  exact  investigation  of 
the  cranial  cavity  without  making  a  section  of  the  skull.  Forty  years  ago  Pro- 
fessor Huxley,  in  his  work  *  On  the  Evidence  of  Man*s  Place  in  Nature,*  showed  the 
importance  of  a  comparison  of  the  basal  with  the  vaulted  portion  of  the  skull,  and 
maintained  that  until  it  should  become  '  an  opprobrium  to  an  ethnological  collec- 
tion to  possess  a  single  skull  which  is  not  bisected  longitudinally '  there  would  be 
*  no  safe  basis  for  that  ethnological  craniology  which  aspires  to  give  the  anatomical 
characters  of  the  crania  of  the  different  races  of  mankind.'  Professor  Cleland  and 
Sir  William  Turner  have  also  insisted  upon  this  method  of  examination,  and  only 
two  years  ago  Professor  D.  J.  Cunningham,  in  his  Presidential  Address  to  this 
.Section,  quoted,  with  approval,  the  forcible  language  of  Huxley.  The  curators  of 
craniological  collections  appear,  however,  to  possess  an  invincible  objection  to  any 
such  treatment  of  the  specimens  under  their  care.  Even  in  the  Hunterian  Museum 
in  London,  where  Huxley  himself  worked  at  this  subject,  amonff  several  thousands 
of  skulls,  scarcely  any  have  been  bisected  longitudinally,  or  had  the  cranial  cavity 
exposed  by  a  section  in  any  other  direction.  The  method  advocated  so  strongly 
by  Huxley  i«  not  only  essential  to  a  thorough  study  of  the  relations  of  basi-cranial 
axis  to  the  vault  of  the  cranium  and  to  the  facial  portion  of  the  skull,  but  also 
permits  of  casts  being  taken  of  the  cranial  cavity ;  a  procedure  which,  I  would 
venture  to  suggest,  has  been  too  much  neglected  by  craniologists. 

Every  student  of  anatomy  is  familiar  with  the  finger-like  depressions  on  the 
inner  surface  of  the  cranial  wall,  which  are  described  as  the  impress  of  the  cerebral 
convolutions ;  but  their  exact  distribution  and  the  degree  to  which  they  are  de- 
veloped according  to  age,  sex,  race,  &c.  still  remain  to  be  definitely  determined. 
Indeed,  there  appears  to  be  a  considerable  difference  of  opinion  as  to  the  degree  of 
approximation  of  the  outer  surface  of  the  brain  to  the  inner  surface  of  the  cranial 
wall.  Thus  the  brain  is  frequently  described  as  lying  upon  a  water-bed,  or  as 
swimming  in  the  cerebro-spinal  fluids  while  Hyrtle  speaks  of  ^this  fluid  as  ^ 
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'  ligamentum  suspensorium '  for  the  brain.  Such  descriptions  are  mldemding  vfan 
applied  to  the  relation  of  the  cerebral  convolutions  to  the  skidl.  There  app,  it  is 
true,  certain  parts  of  the  brain  which  are  surrounded  and  separated  from  the  ikikl 
bv  a  considerable  amount  of  fluid.  These,  however,  are  mainly  the  lower  pocli«Bb. 
such  as  the  medulla  oblongata  and  pons  Varolii,  which  may  be  regarded  as  prokB- 
gations  of  the  spinal  cord  into  the  cranial  cayitj.  As  they  contain  the  oeBttm 
controlling  the  action  of  the  circulatory  and  respiratory  organs,  they  are  the-  bo* 
vital  parts  of  the  central  nervous  system,  and  hence  need  bpedal  protection.  Tkr 
are  not,  however,  concerned  with  the  regulation  of  complicated  voluntary- movenM^, 
the  reception  and  storage  of  sensory  impressions  from  lower  centraa,  and  theactii^ 
of  the  various  mental  processes.  These  functions  we  must  associate  with  tli- 
higher  parts  of  the  brain,  and  especially  with  the  convolutions  of  the  cereln.' 
hemispheres. 

If  a  cast  be  taken  of  the  cranial  cavity  and  compared  with  the  brain  whick  ki 
previously  been  carefully  hardened  in  situ  before  removal,  it  will  be  found  thaltk 
cast  not  only  corresponds  in  its  general  form  to  that  of  the  braia,  but  shows  a  cae- 
niderable  number  of  the  cerebral  fissures  and  convolutions.  This  moulding  of  tli* 
inner  surface  of  the  skull  to.  the  adjacent  portions  of  the  cerebral  bemispbefBC  » 
usually  much  more  marked  at  the  base  ana  sides  than  over  the  yault.  SiMv  ti* 
specific  gravity  of  the  brain  tissue  is  higher  than  that  of  the  cerebro-spinal  flai 
the  cerebrum  tends  to  sink  towards  the  base  and  the  fluid  to  accumulal«'  ovn'tW 
vault ;  hence  probably  these  differences  admit  of  a  simple  mechanical  explamto. 
Except  under  abnormal  conditions,  the  amount  of  cerebro-spinal  fluid  between  tk 
skull  and  the  cerebral  convolutions  is  so  small  that  from  a  cast  of  the  cranial  ctiitr 
we  can  obtain  not  only  a  good  picture  of  the  general  shape  and  size  of  the  hw^ 
parts  of  the  brain,  but  also  various  details  as  to  the  convotutionar^-  pattern.  1^ 
method  has  been  applied  with  marked  success  to  the  determination  of  the  dl•n^ 
ters  of  the  brain  in  various  fossil  lemurs  by  Dr.  Forsyth  Major  and  ProfesKif  £• 
Hurckhardt,  and  Professor  Gustav  Schwalbe  has  made  a  large  series  of  surh  ck^ 
from  his  craniological  collection  in  Strakburg.  The  interestinff*  observatioas  k 
Schwalbe '  on  the  arrangement  of  the  *  impressiones  di^tatie  *ana '  juga  cerehnik 
and  their  relation  to  the  cerebral  convolutions  in  man,  the  apes,  and  varioiis  ot^ 
mammals,  have  directed  special  attention  to  a  very  interesting-  field  of  iaqaiiy. 
As  is  well  known,  the  marked  prominence  at  the  base  of  the  human  sknllfM*- 
rating  the  anterior  from  the  middle  fossa,  fits  into  the  deep  cleft,  betweea  w 
frontal  and  temporal  lobes  of  the  brain,  and  Schwalbe  has  shown  that  this  liik* 
is  continued — of  course  in  a  much  less  marked  form — along  the  inner  surface  of  tb- 
lateral  wall  of  the  skull,  so  that  a  cast  of  the  cranial  cavity  pn^^^ents  a  skaBcr 
hut  easily  recognised  groove  corresponding  to  the  portion  of  the  iSylvian  fissarrrf 
the  brain  separatiufi^  the  frontal  and  parietal  lobes  rrom  the  temporal  lobe.  Furtbti 
there  is  a  distinct  depression  for  the  lodgment  of  the  inferior  frontal  convolutioi. 
and  a  cast  of  the  middle  cranial  fossa  shows  the  three  external  temporal  cobt'- 
lutions. 

We  must  now  turn  to  the  consideration  of  the  relations  of  the  outer  surficp'f 
the  cranium  to  its  inner  surface  and  to  the  brain.  This  question  has  oigaged  tLr 
attention  of  experts  as  well  as  the  *  man  in  the  street '  since  the  time  of  Gall  tfi 
Spurzheim,  anu  one  might  naturally  suppose  that  the  last  word  had  been  said  a 
the  subject.  This,  however,  is  far  from  being  the  case.  All  anatomists  axe  agm^ 
that  the  essential  function  of  the  cranium  is  to  form  a  box  for  the  suppoit  vd 
protection  of  the  brain,  and  it  is  generally  conceded  that  during  the  prooasse  d 
development  and  growth  the  form  of  the  cranium  is  modified  in  response  to  tk 
stimulus  transmitted  to  it  by  the  brain.  In  fact  it  is  brain  growth  that  detcnmws 
the  form  of  the  cranium,  and  not  the  skull  that  moulds  the  brain  into  shape.  T^j* 
belief,  however,  need  not  be  accepted  without  some  reservations.  Even  the  htm 
may  be  conceived  as  being  influenced  by  its  immediate  environment.  There  trr 
probably  periods  of  development  when  the  form  of  the  brain  is  modified  by  thf 

*  *Ueber  die  Beziehungen  zwischen  Innenform  nnd  Ausseaform  de9  Sc|iid«^ 
Deutsches  Arehiv/ur  klinUche  MediciM,  1902. 
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resistance  offered  by  its  coveriDgs,  and  there  are  certainly  stages  when  the  brain 
does  not  fully  occupy  the  cranial  cavity. 

At  an  early  period  in  the  phylogeny  of  the  vertebrate  skull  the  structure  of  the 
greater  part  of  tlie  cranial  wall  changes  from  membranous  tissue  into  cartilage,  the 
portion  persisting  as  membrane  being  situated  near  ibfa  median  dorsal  line.  In 
the  higher  vertebrates  the  rapid  and  early  expansion  of  the  dorsal  part  of  the  fore- 
brain  is  so  marked  that  the  cartilaginous  growth  fails  to  keep  pace  with  it,  and 
more  and  more  of  the  dorsal  wall  of  the  cranium  remains  membranous,  and  subse-- 
quently  ossifies  to  form  membrane  bones.  Cartilage,  though  constituting  a  firmer 
support  to  the  brain  than  membrane,  does  not  possess  the  same  capacity  of  rapid! 
growth  and  expansion.  The  head  of  a  young  child  is  relatively  large,  and  its  skull* 
is  distinguished  from  that  of  an  adult  by  the  small  size  of  the  cartilaginous  base  of' 
the  cranium  as  compared  with  the  membranous  vault.  The  appearance  of  top- 
heaviness  in  the  young  skull  is  gradually  obliterated  as  age  advances  by  the  carti- 
lage continuing  slowly  to  grow  after  the  vault  has  practically  ceased  to  enlarjge.. 
These  changes  in  the  shape  of  the  cranium  are  associated  with  corresponding 
alterations  ita  that  of  the  brain,  and  it  appears  to  me  that  we  have  here  an  illustra- 
tion of  how  the  conditions  of  skull  growth  may  modify  the  general  form  of  the 
brain. 

Whatever  may  be  the  precise  influences  that  determine  skull  and  brain  growth,, 
there  can  be  no  doubt  but  that  within  certain  limits  the  external  form  of  the 
cranium  series  as  a  reliable  guide  to  the  shape  of  the  brain.  Statements  such  as- 
those  by  Dr.  J.  Deniker,*  '  that  the  inequalities  of  the  external  table  of  the  cranial 
walls  have  no  relation  whatever  with  the  irregularities  of  the  inner  table,  and  still 
less  have  anything  in  common  with  the  configuration  of  the  various  parts  of  the 
brain,'  are  of  too  general  and  sweeping  a  character.  Indeed,  various  observers 
have  drawn  attention  to  the  fact  that  m  certain  regions  the  outer  surface  of  the 
skull  possesses  elevations  and  depressions  which  closely  correspond  to  definite 
fissures  and  convolutions  of  the  brain.  Many  years  ago  Sir  William  Turner,  who- 
was  a  pioneer  in  cranio-cerebral  topography,  found  that  the  prominence  on  the 
outer  surface  of  the  parietal  bone,  known  to  anatomists  as  the  parietal  eminence,, 
was  situated  directJy  superficial  to  a  convolution  of  the  parietal  lobe  of  the  brain,, 
which  he  consequently  very  appropriately  named  *  the  convolution  of  the  parietal 
eminence.'  Quite  recently  Professor  G.  Schwalbe  has  shown  that  the  position  of 
the  third  or  inferior  frontal  convolution  is  indicated  by  a  prominence  on  the  sur- 
face of  the  cranium  in  the  anterior  part  of  the  temple.  This  area  of  the  brain  is  of 
special  interest  to  all  students  of  cerebral  anatomy  and  physiology,  since  it  was  the 
discovery  by  the  illustrious  French  anthropologist  and  physician,  M.  Broca,  that 
the  lef^;  inferior  frontal  convolution  was  the  centre  for  speech,  that  laid  the  scien- 
tific foundation  of  our  present  knowledge  of  localisation  of  function  in  the  cerebral 
cortex.  This  convolution  is  well  known  to  be  much  more  highly  developed  in  man 
than  in  the  anthropoid  apes^  and  tlie  presence  of  a  human  cranial  speech-bump  is 
usually  easily  demonstrated.  The  faculty  of  speech,  however,  is  such  a  compli- 
cated cerebral  function  that  I  would  warn  the  '  new '  phrenologist  to  be  cautious 
in  estimating  the  loquacity  of  his  friends  by  the  degree  of  prominence  of  this  part 
of  the  skull,  more  particularly  as  there  are  other  and  more  reliable  methods  of 
observation  by  which  he  can  estimate  this  capacity. 

In  addition  to  the  prominences  on  the  outer  sur&ce  of  the  cranium,  corresponding 
to  the  convolutions  of  the  parietal  eminence  and  the  left  inferior  frontal  convolu- 
tion, the  majority  of  skulls  possess  a  shallow  groove  marking  the  position  of  the 
Sylvian  point  and  the  course  of  the  horizontal  limb  of  the  Sylvian  fissure.  Below 
these  two  other  shallow  oblique  grooves  indicate  the  line  of  the  cerebral  fissures 
which  divide  the  outer  surface  of  the  temporal  lobe  into  its  three  convolutions, 
termed  superior,  middle,  and  inferior.  Most  of  these  cranial  surface  markings  are 
partially  obscured  in  the  living  body  by  the  temporal  muscle,  but  they  are  of 
interest  aa  showing  that  in  certain  places  there  is  a  close  correspondence  in  form 
between  the  external  surface  of  the  brain  and  that  of  the  skull.    There  are, 

>  JTif  Paces  of  Man,  p.  53.  ^  t 
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howerer,  distinet  limitationa  in  the  degree  to  which  the  various  oerehral  fissures 
and  convolutions  impress  the  inner  surface  of  the  cranial  wall,  or  are  represented 
hy  inequalities  on  its  outer  aspect.  Thus  over  the  vault  of  the  cranium  the 
position  of  the  tissure  of  Rolando  and  the  shape  of  the  cerebral  convolutions  in  the 
80-called  motor  area,  which  lie  in  relation  to  tnis  fissure,  cannot  usually  be  detected 
from  a  cast  of  the  cranial  cavity,  and  are  not  indicated  by  depressions  or  elevations 
on  the  surface  of  the  skull,  so  that  surgeons  in  planning  the  seats  of  operations 
necessary  to  expose  the  various  motor  centres  have  to  rely  mainly  upon  certain 
linear  and  angular  measurements  made  from  points  frequently  remote  from  these 
centres. 

The  cranium  is  not  merely  a  box  developed  for  the  support  and  protection  of 
the  brain,  and  more  or  less  accurately  moulded  in  conformity  with  the  growth  of 
this  organ.  Its  antero^lateral  portions  afford  attachments  to  the  muscles  of  masti- 
cation and  support  the  jaws  and  teeth,  while  its  posterior  part  is  liable  to  A-ary 
according  to  the  degree  of  development  of  the  muscles  of  the  nape  of  the  nec£. 
Next  to  the  brain  the  most  important  factor  in  determining  cranial  form  is  the 
condition  of  the  organs  of- mastication — muscles,  jaws,  and  teeth.  There  is  strong 
evidence  in  favour  of  the  view  that  the  evolution  of  man  from  microcephaly  to 
macrocephaly  hts  been  associated  with  the  passage  from  a  macrodontic  to  a 
microdontic  condition.  The  modifications  in  the  form  of  the  cranium  due  to  the 
influence  of  the  organs  of  mastication  have  been  exerted  almost  entirely  upon  its 
external  table ;  hence  external  measurements  of  the  cranium,  as  guides  to  the  shape 
of  the  cranial  cavity  and  indications  of  brain  development,  while  fairly  reliable  in 
the  higher  races,  become  less  and  less  so  ts  we  examine  the  skulls  of  the  lower 
races,  of  prehistoric  man,  and  of  the  anthropoid  apes. 

One  of  the  most  important  measurements  of  the  cranium  is  that  which 
determines  the  relation  between  its  length  and  breadth  and  thus  divides  skulls 
into  long  or  short,  together  with  an  intermediate  group  neither  distinctly  dolicho- 
cephslic  nor  brachy cephalic.  These  measurements  are  expressed  by  an  index  in 
wnich  the  l?ngth  is  taxen  as  100.  If  the  proportion  of  breadth  to  length  is  eighty 
or  upwards,  the  skull  is  brachycephalic :  if  between  seventy-five  and  eighty,  mesati' 
cephalic ;  and  below  seventy -five,  dolichocephalic.  Such  a  measurement  is  not  so 
simple  a  matter  as  it  might  appear  at  first  sight,  and  craniologists  may  themselves 
be  classified  into  groups  according  as  they  have  selected  the  nasion,  or  depression 
at  the  root  of  the  nose,  the  glabdla,  or  prominence  above  this  depression,  and  the 
opbryoTi,  a  spot  just  above  this  prominence,  as  the  anterior  point  from  which  to 
measure  the  length.  In  a  voung  child  this  measurement  would  practically  be  the 
same  whichever  of  these  three  points  was  chosen,  and  each  point  would  be  about 
the  8aroe  distance  from  the  brain.  With  the  appearance  of  the  teeth  of  the  second 
dentition  and  the  enlargement  of  the  jaws  the  frontal  bone  in  the  region  of  the 
eyebrows  and  just  above  the  root  of  the  nose  thickens,  and  its  outer  table  bulges 
forwards  so  tliat  it  is  now  no  longer  parallel  with  the  inner  table.  Between  these 
tables  air  cavities  gradually  extend  from  the  nose,  forming  the  frontal  anuses. 
Although  the  existence  and  significance  of  these  spaces  and  their  infiuence  on  the 
prominence  of  the  eyebrows  were  the  subject  of  a  fierce  controversy  more  than 
half  a  centurv  ago  between  the  phrenologists  and  their  opponents,  it  is  only 
recently  that  their  variations  have  been  carefully  investigated. 

The  frontal  sinuses  are  usually  supposed  to  vary  according  to  the  d^rree  of 
prominence  of  the  glabella  and  the  supra-orbital  arches.  This,  however,  is  not  the 
case.  Thus  Schwalbe '  has  figured  a  skull  in  which  the  sinuses  do  not  project  as 
high  as  the  top  of  the  glabella  and  supra-orbital  prominences,  and  another  in  which 
they  extend  considerably  above  these  projections.  Further,  Dr.  Logan  Turner,* 
who  has  made  an  extensive  investigation  into  these  cavities,  has  shown  that  in  the 
aboriginal  Australian,  in  which  this  region  of  the  skull  is  unusuallv  prominent,  the 
frontal  sinuses  are  frequently  either  absent  or  rudimentary,    'the  ophryon  has 

^  *Studien  iiber  Pithecanthropus  erectus,'  ZeUtcknft  fiir  Marvhologip  uiuL  Anthntx 
^Z^iyM'.  Bd.  i.  1899. 
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been  selected  bj  some  craniologisU  as  the  auterior  point  from  which  to  measure 
the  length  of  the  skull,  under  the  impression  that  the  frontal  sinuses  do  not 
usually  reach  above  the  glabella.  Dr.  Logan  Turner,  however,  found  that  out  of 
174  skulls  in  which  the  Iront^l  sinuses  were  present  in  130  the  sinuses  extended 
above  the  ophryon.  In  seventy-one  skulls  the  depth  of  the  sinus  at  the  level  of 
the  ophryon  varied  from  2  mm.  to  16  mm.,  the  average  being  6*2  mm.,  while  iu 
the  same  series  of  skulls  the  depth  at  the  glabella  varied  from  3  mm.  to  18  mm., 
with  an  average  depth  of  8*5  mm.  It  thus  appears  that  the  selection  of  the  ophryon 
iu  preference  to  the  glabella,  as  giving  a  more  accurate  clue  to  the  length  of  the 
brain,  is  based  upon  erroneous  assumptions,  and  that  neither  point  can  be  relied 
upon  in  the  determination  of  tlie  anterior  limit  of  the  cranial  cavity. 

The  difficulties  of  estimating  the  extent  of  the  cranial  cavity  by  external 
measurement's  and  the  fallacies  tuat  may  result  from  a  reliance  upon  this  method 
are  especially  marked  in  the  case  of  the  study  of  the  prehistoric  human  calvaria, 
Huch  as  the  Neanderthal  and  the  Trioil  and  the  skulls  uf  the  anthropoid  apes. 

Statistws  are  popularly  supposed  to  be  capable  of  proving  almost  anything, 
and  certainly  if  you  allow  craniologists  to  select  their  own  points  from  which  to 
measure  the  length  and  breadth  of  the  cranium,  they  will  furnish  you  with  tables 
of  measurements  showing  that  one  and  the  same  skull  is  dolichocephalic,  mesati- 
cephalic,  and  brachycephalic.  Lot  us  take  as  an  illustration  an  extreme  case,  such 
as  the  skull  of  an  adult  male  gorilla.  Its  glabella  and  supra-orbital  arches  will  be 
found  to  project  forwards,  its  zygomatic  arches  outwards,  and  its  transverse 
occipital  crests  backwards,  far  beyond  the  anterior,  lateral,  and  posterior  limits  of 
the  cranial  cavity.  These  outgrowths  are  obviously  correlated  with  the  enormous 
development  of  the  muscles  of  mastication  and  those  of  the  back  of  the  neck.  In 
a  specimen  in  my  possession  the  greatest  length  of  the  cranium,  t.f.,  from  glabella 
to  external  occipital  protuberance,  is  196  mm.,  and  the  greatest  breadth,  taken 
between  the  outer  surfaces  of  the  zygomatic  processes  of  the  temporal  bone,  is 
172  mm.,  giving  the  marked  brachycephalic  index  of  88*21.  The  zygomatic 
processes,  however,  may  reasonably  be  objected  to  as  indicating  the  true  breadth, 
and  the  side  wall  of  the  cranium  just  above  the  line  where  the  root  of  this  process 
springs  from  the  squamous  portion  of  the  temporal  bone  will  certainly  be  much 
nearer  the  cranial  cavity.  Measured  in  this  situation  the  breadth  of  the  cranium 
is  118  mm.,  which  gives  a  length-breadth  index  60-51,  and  thus  represents  the 
skull  as  decidedly  dolichocephalic.  The  transverse  occipital  crests  and  the  point 
where  these  meet  in  the  middle  line  to  form  the  external  occipital  protuberance 
are  much  more  prominent  in  the  male  than  in  the  female  gorilla,  and  the  estimate 
of  the  length  of  the  cranium  in  this  male  gorilla  may  be  reduced  to  IGO  mm.  by 
selecting  the  base  of  the  protuberance  in  place  of  its  posterior  extremity  as  the 
posterior  end  measurement.  This  raises  the  index  to  73*75,  and  places  the 
skull  near  the  mesaticephalic  group.  At  the  anterior  part  of  the  skull  the 
prominent  glabella  is  separated  from  the  inner  table  of  the  skull  by  large  air 
ninuses,  so  that  on  a  median  section  of  the  skull  the  distance  from  the  glabella  to 
the  nearest  part  of  the  cranial  cavity  is  36  mm.  We  have  here,  therefore,  another 
outgrowth  of  the  cranial  wall  which  in  an  examination  of  the  external  surface  of 
the  skull  obscures  the  extent  of  the  cranial  cavity.  Accordingly  the  glabella 
cannot  be  selected  as  the  anterior  point  from  which  to  measure  the  length  of  the 
cranium,  and  must,  like  the  zygomatic  arches  and  occipital  protuberance,  be 
excluded  from  our  calculations  it'  we  desire  to  determine  a  true  length-breadth 
index.  The  difficulty,  however,  is  to  select  a  definite  point  on  the  surface  of  the 
cranium  to  represent  its  anterior  end,  which  will  be  free  from  the  objections  justly 
urged  against  the  glabella.  iSchwalbe  suggests  the  hinder  end  of  the  supra- 
glabellar  fossa,  which  he  states  often  corresponds  to  the  b^inning  of  a  more  or 
less  distinctly  marked  frontal  crest.  I  have  found  this  point  either  difficult  to 
determine  or  too  far  back.  Thus  in  my  male  gorilla  the  posterior  end  of  this  fossa 
formed  by  the  meeting  of  the  two  temporal  ridges  was  60  mm.  behind  the  glabella, 
and  only  24  mm.  from  the  bregma,  while  in  the  female  gorilla  the  temporal 
ridges  do  not  meet,  but  there  is  a  low  median  frontal  ridge,  which  may  be  con- 
sidered as  bounding  posteriorly  the  supra-glabellar  foesa.  This  point  is  22  mm. 
from  the  glabella,  and  between  60  mm.  and  60  mm.  in  front  of  the  bregma. 
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I  would  suggest  a  spot  in  the  median  line  of  the  supra-glabellAr  fosa  vfaid 
is  crossed  by  a  transverse  line  uniting  the  posterior  borders  of  the  external  ao^* 
processes  of  the  frontal  bone.  I  admit  tnb  plan  is  not  free  from  objection,  k 
It  possesses  the  advantages  of  being  available  for  both  male  and  female  iktik 
In  my  male  skull  the  selection  of  this  point  diminishes  the  length  of  the  cnmsL 
by  25  mm.,  thus  reducing  it  to  1157  mm.  The  breadth  bein^  calculated  it  lli 
mm.,  the  index  is  8«3'21,  and  hence  distinctly  bracfaycephalic  The  lei^t 
the  cranial  cavity  is  118  mm.  and  the  breadth  OG  mm.,  and  the  length-bntfii 
index  is  thus  the  brachycephalic  one  of  81*30. 

i  have  given  these  somewhat  detailed  references  to  the  measuremeate  of  tfe 
gorilla's  skull  because  they  show  in  a  very  clear  and  obvious  manner  that  fee 
an  external  examination  of  the  skull  one  might  easily  be  misled  as  to  the  da  ik 
form  of  the  cranial  cavity,  and  that,  in  order  to  determine  from  external  mtum^ 
ments  the  proportions  of  the  cranial  cavity,  skull  outfpt>wths  due  to  otk? 
factors  than  brain  growth  must  be  rigorously  excluded.  Further,  these  dettil- 
will  serve  to  emphasise  the  interesting  fact  that  the  ^rilla*8  skull  is  dectdedh 
brachycephalic.  This  character  is  by  no  means  restricted  to  the  gorilla,  firs 
has  been  clearly  proved  by  Virchow,  Schwalbe,  and  others  that  all  the  antbnpo^ 
apes  are  markedly  round-headed.  Ever  since  the  introducti<m  bv  the  illustm 
Swedish  anthropologist  Anders  Retzius  of  a  classification  of  akulls  aocordio^  t 
the  proportions  between  their  length  and  breadth  great  attention  has  bea  fu. 
to  this  peculiarity  in  different  races  of  mankind.  It  has  been  generally  held  tk 
brachycq>ha1v  indicates  a  higher  type  of  skull  than  dolichocephalj,  and  tkit  tV 
increase  in  the  size  of  the  brain  in  the  higher  races  has  tended  to  fnt^dm  i 
brachycephalic  skull.  When  the  cranial  walls  are  subject  to  excessive  intecBi 
pressure,  as  in  hydrocephalus,  the  skull  tends  to  become  distinctly  brachycepkix 
as  a  given  extent  of  wall  gives  a  greater  internal  cavity  in  a  spherical  thu  v 
oval  form.  In  estimating  the  value  of  this  theory  as  to  the  evolutionary  line  ifa 
which  the  skull  has  travelled,  it  is  obvious  that  the  brachycephalic  charKtff  (^ 
the  skulls  of  all  the  anthropoid  apes  is  a  fact  which  requires  consideration. 

Although  an  adult  male  gorilla  such  as  I  have  selected  presents  in  an  extmr 
degree  outgrowths  from  the  cranial  wall  masking  the  true  form  of  the  cmii^ 
cavity,  the  same  condition,  though  to  a  less  marked  extent,  is  met  with  in  ^■ 
human  subject.  Further,  it  is  interesting  to  note  that  the  length  of  the  skill  i^ 
more  liable  to  be  increased  by  such  growths  than  the  breadth,  since  they  uo^ 
especially  over  the  lower  part  of  the  forehead  and  to  a  less  de<rree  at  the  btck  c<' 
the  skull,  while  the  side  walls  of  the  cranium  in  the  region  of  its  greatest  httt/t^ 
generally  remain  thin. 

Few  if  any  fossils  have  attracted  an  equal  amount  of  attention  or  giveo  bv 
t^  such  keen  controversies  as  the  *  Neanderthal  *  and  the  *  Tnnil '  8kull-ci|t 
According  to  some  authorities  both  these  skull-caps  are  undoubtedly  huMa 
while  others  hold  that  the  '  Neanderthal '  belongs  to  an  extinct  species  of  t^ 
genus  Homo,  and  the '  Trinil '  is  the  remains  of  an  extinct  genus — PitAecaMlkr^ 
'erecttu  of  Dubois — intermediate  between  man  and  the  anthropoids.  One  of  ^ 
most  obvious  and  easily  recognised  peculiarities  of  these  skml-caps  is  the  "T 
marked  prominence  of  the  supra-orbital  arches.  The  glabella-occipital  lei^  ^ 
the  Neanderthal  b  204  mm.,  and  the  greatest  transverse  diameter,  which  is  on' 
the  parietal  region,  is  152  mm. — an  mdex  of  74*51 — while  the  moch  emiDf 
Trinil  calvaria,  with  a  length  of  181  nmi.  and  a  breadth  of  130  mm.,  has  ao  in^ 
of  71'8.  Both  of  these  skulls  are  therefore  slightly  dolichoce{^aIic.  Scbwift* 
has  corrected  these  figures  by  making  reductions  in  their  lengths  on  accooat  i 
the  frontal  'outworks,*  so  that  he  estimates  the  true  length-bxeadth  va^ 
of  the  Neanderthal  as  80  and  that  of  the  Trinil  as  7o-5.  These  indices,  ^ 
raised  about  6  per  cent.,  are  considered  to  represent  approximat^'Iy  the  leog^* 
breadth  index  of  the  cranial  cavity.  A  comparison  of  the  extem.il  aixl  iotiwl 
measurement**  of  many  recent  skulls  with  prominent  ^bellse  would,  I  ensyefif 
show  a  greater  difl'erence  than  that  calculated  by  Schwalbe  for  the  Neaud«Tttoi 
and  Trinil  specimens.  In  a  male  skull,  probably  an  aboriginal  Australian,  inth 
A  cranial  capacity  of  1227  cxm.  I  found  that  the  glabella-occipital  lengtii  vbs 
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189  mm.,  and  the  tmiMverae  diameter  at  the  pariet(>-Bquamou6  eutare  127  mm.^ 
which  gives  mt  tndez  of  67*20  and  makes  t<he  akuli  decidedly  dolichocephalic. 
The  length  of  the  cranial  cavity,  however,  was  157  mm.  aud  the  breadth  121  mm. 
(an  index  of  77*07  and  a  diflerence  of  nearly  10  per  cent.),  so  that  while  from 
external  measurements  the  skull  is  distinctly  dolichocephalic,  the  proportions  of 
its  cavity  are  snoh  that  it  is  mesaticephalic.  It  is  probable  that  many  skulls  owe 
their  dolichocephalic  reputation  simply  to  the  prominence  of  the  glabella  and 
snpra-orbital  riages.  An  excessive  development  of  these  structures  is  also  liable  to 
give  the  erroneous  impression  of  a  retreating  forehead.  In  the  Australian  skull 
jufrt  mentioned  the  thickness  of  the  cranial  wall  at  the  glabella  was  22  mm. ; 
from  this  level  upwards  it  gradually  thinned  until  45  mm.  above  the  glabella  it 
was  only  6  mm.  thick.  When  the  bisected  skull  was  placed  in  the  horizontal 
position  the  anterior  surface  of  the  frontal  bone  sloped  from  the  glabella  upwards 
and  distiactly  backwards,  while  the  posterior  or  cerebral  surface  was  inclined 
upwards  and  forwards.  In  fact,  the  cranial  cavity  in  this  region  was  separated 
from  the  lower  part  of  the  forehead  by  a  wedge-shaped  area  having  its  apex 
upwards  and  its  ba^e  below  at  the  glabella. 

The  cranial  wall  opposite  the  glabella  is  not  appreciably  thicker  in  the 
Neanderthal  calvaria  than  in  the  Australian  skull  to  which  I  have  already 
referred,  and  the  form  of  the  cranial  cavity  is  not  more  masked  by  this  prominence 
in  the  Neanderthal  than  in  many  ot  the  existing  races. 

Although  the  Neanderthal  skull  is  by  no  means  complete,  the  base  of  the 
craainm  and  the  face  bones  being  absent,  still  those  parts  of  the  cranial  wall  are 
preserved  that  are  specially  related  tu  the  portion  of  the  brain  which  subserves 
<all  the  higher  mental  processes.  It  includes  the  frontal,  parietal,  and  upper  part 
of  the  occimtal  bones,  with  parts  of  the  roof  of  the  orbits  in  front,  and  of  the 
squamous  division  of  the  temporal  bones  at  the  sides.  On  its  inner  or  cranial 
aspect  there  are  markings  by  which  the  boundaries  between  the  cerebrum  and  the 
<^erebellum  can  be  determiBed.  In  a  profile  view  of  such  a  specimen  an  inio- 
glabellar  line  can  be  drawn  which  will  correspond  very  closely  to  the  lower 
boundary  of  the  cerebrum,  and  indicate  a  horizontal  plane  above  which  the 
vaulted  portion  of  the  skull  must  have  contained  nearly  tlie  whole  of  the  cerebrum. 

Schwalbe  ^  has  devised  a  series  of  measurements  to  illustrate  what  he  regards 
as  essential  difierences  between  the  Neanderthal  skull-cap  and  the  corresponding 
portion  of  the  human  skull.  From  the  inio-glabellar  line  another  is  drawn  at 
right  angles  to  the  highest  part  of  the  vault,  and  by  comparing  the  length  of 
these  two  lines  we  can  determine  the  length-height  index.  According  to  Schwalbe 
this  is  40' 4  in  the  Neanderthal,  while  the  minimum  in  the  human  skull  is 
6'J,  He  further  shows  that  the  frontal  portion  of  the  vault,  as  represented  by  a 
glabella-bregcnatic  line,  forms  a  smaller  angle  with  the  base  or  inio^labellar  line, 
and  that  a  vertical  line  from  the  posterior  end  of  the  frontal  bone  (bregma)  cuts 
the  ioio-glabellar  further  back  than  in  the  human  subject.  Professor  King,  of 
Gal  way,  attached  special  importance  to  the  shape  and  proportions  of  the  parietal 
bones,  and  more  particularly  to  the  fact  that  their  mesial  borders  are  shorter  than 
the  lower  or  temporal,  whereas  the  reverse  is  the  case  in  recent  man.  This 
feature  is  obviously  related  to  the  defective  expansion  of  the  Neanderthal  vault, 
and  Professor  Schwalbe  also  attributes  considerable  significance  to  this  pecu- 
liarity. 

Another  distinctive  feature  of  the  Neanderthal  skull  is  the  relation  of  the 
orbitH  to  the  cranial  wall.  Schwalbe  shows  that  its  brain-case  takes  a  much 
smaller  share  in  the  formation  of  the  roof  of  the  orbit  than  it  does  in  rec^t  man^ 
and  King  pointed  out  that  a  line  from  the  anterior  inferior  angle  of  the  external 
orbital  process  of  the  frontal  bone,  drawn  at  right  angles  to  the  inio-gUbellar  line, 
passed  in  the  Neanderthal  in  front  of  the  cranial  cavity,  whereas  in  man  such  a 
line  would  have  a  con.<«iderable  portion  of  the  frontal  part  of  the  brain-csse  anterior 
to  it. 

*  *Ueber  die  apecifisch^i  Merkmale  des  NeanderthalsobadelH/  Verhandl.  der 
anatomise  hen  Oessllschaft  in  Bonm,^  Idpl. 
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From  the  combined  i^esults  of  these  and  other  measurementB  SchwiHietfms 
at  the  very  important  and  interestmg  conclusion  that  ih»  Neandeitiial  dnB  por 
seeses  a  number  of  important  peculiarities  which  differentiate  it  ficom  tliednilk'^ 
existing  man,  nnd  show  an  approximation  towards  those  of  the  anthropoid  ip 
He  maintains  that  in  recognism^r  with  King  ^  and  Cope  ^  the  NeanderUuielwi 
belonging  to  a  distinct  species.  Homo  Neanderthalensis,  he  is  oolj  folIoviDftiR 
usual  practice  of  zoologists  and  paleontologists  bj  whom  q)eci6c  cfaanctas  r 
frequently  founded  upon  much  lees  marked  differences.  He  maintuiuthatM^ 
Neanderthal  skull  stands  in  many  of  its  characters  nearer  to  the  higher  utlmfi^ 
tlian  to  recent  man,  if  the  Neanderthal  type  is  to  be  included  under  Uie  t«i 
Jlonw  sapiensy  then  this  species  ought  to  be  still  more  extended,  so  as  to  esku 
the  anthropoids. 

It  is  interesting  to  turn  from  a  perusal  of  these  opinions  recently  s'lTaacedk 
Schwalbe  to  consider  the  grounds  on  which  Huxley  and  Turner,  about  forty  jw 
ago,  opposed  the  view,  which  was  then  being  advocated,  that  thecharaeteno^tk 
Neanderthal  skull  were  so  distinct  from  those  of  any  of  the  existing  raoet  m^ 
justify  the  recognition  of  a  new  species  of  the  genns  Homo.  Hoxkf,  wi» 
admitting  that  it  was  Uhe  most  pithecoid  of  human  skulls,'  yet  holds  that  it '^ 
by  no  means  so  isolated  as  it  appears  to  be  at  first,  but  forms  in  reality  theextiBix 
term  of  a  series  leading  gradually  from  it  to  the  highest  and  best  dereloped^ 
human  crania.'  He  states  that  '  it  is  closely  approached  by  certain  Kasmk 
skulls,  and  even  more  nearly  hj  the  skulls  of  certain  ancient  people  who  iolisliti^ 
Denmark  during  the  stone  period.'  Turner's  ^  observations  led  him  to  adof^  J 
similar  view  to  that  advanced  by  Huxley.  He  compared  the  Neanderthal  cilno 
with  savage  and  British  crania  in  the  Anatomical  Museum  of  the  Unimatr  :^ 
Edinburgh,  and  found  amongst  them  specimens  closely  correepondiDg  to  tb 
Neanderthal  type. 

While  yieloing  to  no  one  in  my  admiration  for  the  thoroughness  and  alis? 
with  which  Schwalbe  has  conducted  his  elaborate  and  ext^isive  invcstigaticai « 
this  question,  I  must  confess  that  in  my  opinion  he  has  not  sufficieotly  reRfa^i 
the  significance  of  the  luge  cranial  capacity  of  the  Neanderthal  skoli  in  de»- 
mining  the  zoological  position  of  its  owner,  or  made  sufficient  allowance  for  tk 
great  variations  in  form  which  skulls  undoubtedly  human  may  present 

The  len|^th  and  breadth  of  the  Neanderthal  calvaria  are  distinctljr  greater  tijB 
in  many  living  races,  and  compensate  for  its  defect  in  height,  so  that  it  wascapdki 
of  lodging  a  brain  fully  equal  m  volume  to  that  of  many  existing  sava^  races  afiB 
at  least  double  that  of  any  anthropoid  ape.  . 

A  number  of  the  characters  upon  which  Schwalbe  relies  in  diflfereatiata?'* 
Neanderthal  skullMjap  are  due  to  an  appreciable  extent  to  the  great  derdopafl^ 
of  the  glabella  and  supra-orbital  arches.  Now  these  processes  are  well  kaowa  ^ 
present  very  striking  variations  in  existing  human  races.  They  are  nsuallr^ 
posed  to  be  developed  as  buttresses  for  the  purpose  of  affording  support  to  the  In? 
upper  jaw  and  enable  it  to  resist  the  pressure  of  the  lower  jaw  due  to  tiie  caaur 
tion  of  the  powerful  muscles  of  mastication.  These  processes,  howefar,  are  wj- 
ally  feeblv  marked  in  the  microcephalic,  prognathous,  and  macrodont  negro  sa» 
and  maybe  well  developed  in  the  macroce[>halic  and  orthognathous  skaUsofsae^ 
of  the  higher  races.  Indeed,  their  variations  are  too  great  and  their  agnifio** 
o  form  a  basis  for  the  creation  of  a  new  species  of  i**; 


too  obscure  for  them  to  1 -r-  ^ 

Both  Huxley  and  Turner  have  shown  that  the  low  vault  of  the  Neandeitai 
calvaria  can  be  closely  parallelled  by  specimens  of  existing  races.  ^ 

If  the  characters  of  the  Neanderthal  calvaria  are  so  distinctive  as  to  J?^'(t 
recognition  of  a  new  species,  a  new  genus  ought  to  be  made  for  the  ^^^^ 
cap.  In  nearly  every  respect  it  is  custinctly  lower  in  tvpe  than  the  Neandefw^ 
and  yet  many  of  the  anatomists  who  have  expressed  their  opinion  on  the  iup 
maintain  that  the  Trinil  specimen  is  distinctly  human. 

»  *  The  Reputed  Fossil  Man  of  the  Neanderthal/  Journal  cf  Seimef,  18W. 
'  •  The  Genealogy  of  Man/  The  Ameriean  NaturaUit,  voL  xxriL  \9$i. 
■  •  The  Fossil  Skull  Controversy/ Ji>«r«<»f  of  Science,  1864. 
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Important  and  interesting  as  are  the  facts  which  may  be  ascertamed  from  a 
study  of  a  series  of  skulls  regarding  the  size  and  form  of  the  brain^  it  is  evident 
that  there  are  distinct  limits  to  the  knowledge  to  be  obtained  irom  this  source. 
Much  additional  information  as  to  racial  characters  would  undoubtedly  be  gained 
had  we  collections  of  br^ns  at  all  corresponding  in  number  and  variety  with  the 
skulls  in  our  museums.  We  know  that  as  a  rule  the  brains  of  the  less  civilised 
races  are  smaller^  and  the  convolutions  and  fissures  simpler,  than  those  of  the  more 
cultured  nations,  beyond  this  but  little  more  than  that  definitely  determined. 

As  the  results  of  investigations  in  human  and  comparative  anatomy,  physiology, 
and  patholofpr,  we  know  that  definite  areas  of  the  cerebral  cortex  are  connected 
with  the  action  of  definite  groups  of  muscles,  and  that  the  nervous  impulses  starting 
from  the  organs  of  smell,  sight,  hearing,  and  common  sensibility  reach  defined 
cortical  fields.  All  these,  however,  do  not  cover  more  than  a  third  of  the  con- 
Tolnted  surface  of  the  brain,  and  the  remaining  two  thirds  are  still  to  a  large  extent 
a  terra  incognita  so  far  as  their  precise  function  is  concerned.  Is  there  a  definite 
localisation  of  special  mental  Qualities  or  moral  tendencies,  and  if  so  where  are 
they  ntuated  P  These  are  problems  of  extreme  difficulty,  but  their  interest  and 
importance  are  difficult  to  exaggerate.  In  the  solution  of  this  problem  anthro- 
pologists are  bound  to  take  an  active  and  important  part.  When  they  have 
collected  information  as  to  the  relative  development  of  the  various  parts  of  the 
higher  bnun  in  all  classes  of  mankind  with  the  same  thoroughness  with  which  they 
have  investigated  the  racial  peculiarities  of  the  skull,  the  question  will  be  within  a 
measurable  distance  of  solution. 

The  following  Papers  and  Reports  were  read : — 

1.  SktUlaJrom  R<mnd  Barrows  in  East  Yorkshire^ 
By  William  Wright,  M.B.y  M.Sc,  F.B.CS. 

The  skulls  upon  which  these  remarks  are  offered  are  some  eighty  in  number, 
and  are  now  in  the  Mortimer  Museum  at  Drifiield.  From  the  hot  that  the 
interments  closely  resemble  each  other  it  is  inferred  that  they  took  place  about  the 
same  time;  from  the  further  fact  that  primitive  articles  of  bronze  have  been 
occasionally  met  with  in  the  graves,  albeit  much  less  frequently  than  articles  of 
stone  and  bone,  it  is  assumed  that  they  date  back  to  the  Early  Bronze  age,  some 
of  them  possibly  to  the  Late  Stone  age. 

As  to  the  skulls  almost  all  the  varieties  of  cranial  shape  met  with  in  Europe 
are  represented :  types  so  widely  different  are  found  as  those  named  by  Sergi 
Ellipioides  Pelasgicw  Lofif/issimuSf  Sphenoides  Lotus,  and  Bllipwides  Africus 
Rotundus,  The  cephalic  index  ranged  from  69  to  92.  It  is  doubtful  if  it  is 
possible  to  find  a  materiidly  more  mixed  series  of  skulls  in  a  community  of  tonlay. 
Perhaps  the  only  marked  distinction  between  these  prehistoric  skulls  and  those  of 
the  present  time  is  to  be  found  in  the  jaws  and  teeth,  although  even  here  retro- 
grade changes  were  discoverable  such  as  unerupted  and  dwarfed  wisdom  teeth,  an 
absent  upper  lateral  incisor  and  a  lower  canine  overlapping  the  adjacent  lateral 
incisor  on  account  of  overcrowding  of  the  teeth. 

The  mandibular  and  coronoid  indices  suggested  by  Professor  Arthur  Thomson 
were  calculated  whenever  possible.  I  found  no  co-relation  between  them  and 
skull-shape,  but  that  skulls  with  similar  indices  were  possessed  of  different  shapes, 
and  vice  vena, 

A  marked  resemblance  was  frequently  noted  between  the  skulls  from  any 
one  barrow :  so  striking  was  it  that  one  was  inclined  to  attribute  it  to  the 
barrows  having  been  funily  burial-grounds.  This  resemblance  was  particularly 
apparent  in  nine  skulls  taken  from  one  barrow;  four  of  the  nine,  moreover, 
altnough  those  of  adults,  had  the  metopic  suture  undoeed.  Metopism,  when 
found,  occurred  in  long  skulls  rather  than  in  broad  skulls;  a  fact  which  on 
a  priori  grounds  one  would  perhaps  not  have  expected.     Judging  from  the 

>  To  be  published  in  full  in  the  Journal  of  the  Anthropological  Institute^  xxxiv., 
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frequently  open  Butores  and  the  condition  of  the  teeth^  it  woold  awtr  tk 
the  dead  here  buried  had  seldom  reached  an  age  greater  than  that  of  finy. 

In  concluding  one  has  no  hesitation  in  stating  that  Dr.  Thumam's  diccra 
<  round  barrow,  round  skull,'  is  not  even  approximately  accurate  so  £tf  «  ^ 
skulls  from  the  round  barrows  ot  Yorkshire  are  concerned. 


2.  Some  Observations  on  the  Pads  and  Papillary  Ridges  on  the  Palm 
of  the  Hand.    By  E.  J.  Evatt. 

During  the  course  of  development  of  the  hand  eleven  well-defined  pidi  (? 
cushions  appear  on  the  palm.  The  disposition  and  form  of  the  pads  wbA  tet 
marked  in  the  fcetus  correspond  very  closely  with  that  which  obtains  in  eotiB 
lower  animals  (6.^.,  the  mouse),  and  the  pads  in  both  cases  are  probahlj  morpfe* 
logically  equivalent,  and,  further,  in  man's  remote  ancestors  possibly  served  aiiilff 
functions.    In  the  adult  the  pads  may  be  regarded  as  vestigiaL 

It  is  probable  that  when  the  hand  began  to  be  used  as  an  organ  of  ; 
rather  than  of  locomotion,  the  deep  layer  of  the  epidermis  invaded  the  o 
fluted  form,  and  in  this  way  the  close  and  complicated  papillsa  were  diifereodtlKi 
The  interlockinfif  of  the  corium  with  the  epidermis  serves  probably  to  streng^ 
the  connection  between  the  two. 

The  interlocking  ridges  or  deep  flutings  are  at  first  comparatiTelj  simple  b 
their  arrangement,  and  tend  to  lie  transversely  to  the  long  axis  of  the  limb,  em 
on  the  sites  of  the  original  pads  where  the  patterns  eventually  assume  mo6t  eoa- 
plex  forms.  Later  on,  yet  long  before  the  ridges  appear  on  the  sur&ce,  the  deep 
flutings  have  assumed  the  patterns  characteristic  of  the  adult  papillary  ridgei. 

The  papillarv  patterns  appear  on  the  surface  at  about  the  eighteenth  W8ek,ii^ 
are  formed  by  the  intervening  epidermal  tissue  sinking  in  between  the  battas* 
like  processes  of  the  underlying  flutings,  and  they  thus  come  to  be  the  ooutv- 
part  of  the  perfected  patterns  upon  wmch  they  are  moulded. 

The  convexities  of  the  patterns  on  the  pads  of  the  fiuj^rs  are  directed  diettUr. 
while  the  convexities  of  the  patterns  over  the  remaining  pads  take  t  pioxia*' 
direction;  that  is,  in  grasping,  the  convexities  are  directed  in  Hnei  d\a^ 
resistance;  it  would,  therefore,  seem  probable  that  as  the  hajid  became  u<»fv 
of  prehension  the  flutings  assumed  tne  forms  already  described  as  the  malt  i 
mechanical  forces. 

8.  Some  Recent  Eoccavations  ai  Hastings^  and  the  Human  Remains  Jwd 
By  J.  G.  Gabson,  Jf.i>.,  and  W.  J,  Lbwis  Abbott. 

In  this  paper  a  description  is  given  of  the  geological  formation  andpofiitioe^ 
Hastings  in  relation  to  certain  excavations  recently  made  for  the  Dorpoee  ^ 
constructing  a  passenge^-lifb  firom  the  foreshore  to  the  top  of  ^e  difi  io  f^ 
course  of  which  a  number  of  human  remains  were  found.  The  date  at  vbki 
these  were  deposited  is  uncertain,  but  they  appear  to  include  two  racial  elamoA 
the  earlier  of  which  presented  characters  agreeing  with  those  typical  ofw 
Neolithic  race,  while  tne  other  remains  were  of  people  of  a  much  later  date. 


4.  Remarks  on  a  Collection  of  SkuUe  from  the  Malay  PemniHlO' 
By  Nelson  Annandalb,  B,A. 

These  skulls  were  obtained  by  Mr.  H.  C.  Robinson  and  myself  in  the  I^ 
States,  the  population  of  which  is  very  mixed,  consisting  partly  of  "^^jj*: 
Malays  and  partly  of  so-called  Siamese,  flie  difference  between  these  two  peop» 
being  chiefly  one  of  religion.  The  skulls  fall  naturally  into  four  ffroups,  ow  of 
which,  represented  by  three  adult  specimens,  shows  many  primitive  characten,** 
is  especially  remarkable  for  the  great  development  of  the  cerebdlar  part  of  w 

Digitized  by  VjOOQ  IC 


TRANSACTIONS  OF  SECTION   H.  803 

oceipxit,  afrreeing  in  tliis  character  with  a  series  of  Orang-Laut  skulls  from  the 
State  of  Trang,  on  the  west  coast  of  the  Malay  Peninsula,  which  the  author  has 
recently  described  ^  in  brief.  An  interesting  feature  of  the  series  at  present  under 
discussion,  and  also,  so  far  as  can  be  seen,  of  the  Orang^Laut  specimens,  is  the 
larf^  proportion  of  individuals  in  which  the  third  molar  has  not  developed 
normally.  Though  the  Malay  and  Siamese  skulls  in  our  collection  show  certain 
resemblances  to  those  representing  the  jungle  tribes  of  the  Malay  Peninsula,  they 
are  separated  firom  them  by  having  a  much  higher  cephalic  index  and  a  greater 
cubic  capacity,  and  by  other  differences  of  racial  importance. 


5.  Grattcm^s  Craniometer  cmd  Craniometric  Methods, 
By  Professor  J.  Symington,  M.D.,  F,E,S. 


6.  AfUhropometric  Measurements  in  Crete  and  other  pa^ts  of  tJie  JUgean 
Area.    By  W.  L.  H.  Duckworth,  M.A. — See  Reports,  p.  404. 


7.  Beport  of  the  Committee  on  Anthropometric  Investigation  in  Great 
Britain  and  Ireland, — See  Reports,  p.  389. 


Report  of  the  Committee  on  a  Pigmsnta^ion  Survey  of  the  School 
Children  of  Scotland — See  Reports,  p.  415. 


FRIDAY,  SEPTEMBER  11. 

The  following  Papers  and  Report  were  read  : — 

1.  FalcBolithic  Implements  from  the  Shelly  Gravel  Pit  at  Swatiscomhe,  Kent, 

By  Mrs.  C.  Stopes. 

The  late  Mr.  Stopes  on  April  27,  1900,  discovered  in  a  newly  «Dpened  section  of 
sand  and  gravel  in  a  pit  at  Swanscombe,  Kent,  many  remains  of  animal  mollusca 
and  other  fossils  interstratified  with  flint  implements  of  various  kinds.  The  latter 
included  the  following  varieties :  (1)  Ordinary  axe  or  hache  type ;  (2)  fine  smaller, 
of  same  shape ;  (8)  broad  leaf-shaped  type ;  (4)  ovate  types ;  (5)  boat-shaped  type, 
pointed  at  each  end ;  (6)  discs ;  (7)  large  many-angled  projectiles ;  (8)  very  line- 
pointed  stones  as  awls ;  (9)  worked  as  if  for  graving  tools ;  (10)  worked  as  if  to 
clear  marrow-bones ;  (11)  scrapers,  spokeshaves,  anofcombined  stones  in  all  colours 
and  shades  of  flint  and  patina — white  cream,  ochreous,  brown,  black.  Many  of 
them  are  derived  and  waterwom,  many  are  glaciated. 

As  these  are  associated  with  a  &una  containing  many  extinct  species, 
Mr.  Stopes  considered  that  his  discovery  pushed  back  the  geological  date  of  man's 
appearance  in  the  lower  Thames  valley  to  a  period  much  earlier  than  has  hitherto 
been  supposed.  Hie  pit  is  now  entirely  worked  out,  and  the  specimens  already  in 
hand  alone  remain  to  show  its  contents. 

The  fossUs  have  been  verified  by  Mr.  Kennard  and  are  here  given.    Those 

•  fhseieuH  Malayenses :  ArUhro^ology,  part  i.  '      i  i 
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marked  *  are  extinct,  those  marked  t  are  eztmet  in  this  conntij  bat  IrriogoetU 
Continent. 


SPECIES. 


Mammalu. 

*Bo$  primiffeniut. 
^Canit  hipki. 

Carous  elaphut. 
t      f«      tarfwdut. 
^EUphas  antiquut, 

♦  „       primigefUui. 
JSquut  cabaUui. 

*Microtus  amphibius. 
„      agrettit. 
„       glareolui.    . 
,,       inter  niadiui. 
Mus  iylvaticiiM. 
^Rhinooerui  leptcrhinut. 
Suttonifa, 
*Trogonth&rium  ouvieri, 

AVBS. 
RiPTILIA. 

*£mys  sp. 
Jiana  t&mporaria, 
Tropidonotui  natrim, 

Pisces. 

Anguilla  angnilla, 
£sox  luoiut. 
Leucitim  rutilus, 

*  n         ap- 
'finca  vulgaris. 

Plants. 
Chara  sp. 

MOLLUSCA. 

Agriolifnam  ogre tt is. 
Cargohium  minimum, 
PgranUdula  rtttundata. 
t        ,»  ruderata. 

HelioeUa  oaperata. 
Helix  tiemaraUs, 
Helioigona  arbustorum, 
Cochlioopa  lubricek* 


LimTUBa  amrioularin, 
,i       pahutrii, 
•»        p&rcgra, 
M        truneatvla, 

Hygnmia  granultUd . 

„         kiipida, 
VaUojOa  puiekelia, 
Vitrmi  radiatula, 
n     ifrystailiMM. 

„     nitidula, 
Azcoa  tridmu. 
Pupa  wuuoorut^ 
CkBeiUaneUa  acieula. 
Vertigo  antivertigo. 
ClawkUa  laminata, 
perversa. 
Sucoinea  elegam, 
Aneylus  ftwoiatUis. 
Flanorkii  atbm, 
„        earistatus. 
„        oontertw.^ 

eemeui. 
„       glaber, 

marginatus, 

%,       fontamus. 
t         „        vorticulus, 
Paludcstrina  vetUrosa, 
BUhgnia  tentaculata. 

u       leaekiL 
Vivipara  elaetenensis. 
VaUata  erittata. 
„      pisdmaUs. 
*Seritina  grateUmpiatta 
fdnio  lUtoraUs. 
I,    ptctorwn-. 
„    UtmidHS, 
^Corbioula  Jtuminali^. 
Spk4grium  comtum. 
Pisidium  amiti4yum. 
♦        „        astartmdes, 
„       funtiuale. 
„        pusUlHm, 
t        „        supinum. 


2.  Saw-edged  Palaxdiths.    By  Mrs:  C.  Stopes. 

Among  the  stones  collected  by  Mr.  Stopes  during  the  last  two  years  ^^^riz^ 
left  by  him  at  Swanscombe,  are  a  beautiml  series  of  saw-edsed  pahsolitlacflw'' 
and  implements  from  the  Craylands  gravel  pt  at  Swansconibe.    The  ''^^'P^ 
are  not  the  result  of  accident  or  use,  but  are  intentional  semtiooy  gsoanflf  ^ 
straight  edge,  though  sometimes  continued  into  the  spokeahafes  m  to^ 
freqnentlj  combined  in  the  multum  mparvo  implements  of  the  period.      ^^ 

At  the  York  meeting  of  the  British  Association,  1881,  whtfi  ^^v^T 
brought  forward  his  carred  Peotunculus  from  the  Red  Qng^u  tbe  fizftiw^^^^ 
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tnMse  of  Pliocene  man,  Professor  Prestwidi  stated  in  the  discussion  that  he  had 
fovnd  a  hone  in  the  same  series  which  seemed  to  have  heen  sawn  into  two.  But  as 
be  liad  thought  it  was  impossible  that  man  should  have  existed  at  that  period,  he 
bcu3  pronouiu^  against  the  saws.  Here,  howerer,  are  both  saws  and  men  associated 
Ln  the  pre-gladal  stratified  deposits  of  the  early  Pleistocene  period,  and  it  is  quite 
poamble  that  they  may  yet  be  found  in  Pliocene  times. 


3.   The  Survival  of  Primitive  Implements  in  the  Faroes  <md  Iceland,^ 
By  Nelson  Annandalb,  B,A, 

The  objects  noticed  were  collected  by  the  author  in  the  Faroes,  the  Westmann 
Isles,  and  the  Rangarval  district  of  South  Iceland.  They  were  in  use  at  the  end 
of  th»  nineteenth  century,  though  mostly  obsolescent,  and  include  stone  hammers 
of  two  different  kinds,  bone  n^les,  nliers,  skates  (or  rather  runners),  pegs  for 
atretchmg  out  hides,  toys,  sieves  of  skin,  and  other  articles.  Their  distribution 
in  the  dia^icts  indicated  is  by  no  means  uniform,  those  which  occur  in  the  Faroes 
being  generally  absent  from  Iceland,  and  vice  versa,  while  those  from  the  West- 
mann Isles  diner  from  the  specimens  collected  on  the  mainland  opposite.  This 
difference  in  distribution  may  be  partially  due  to  differences  in  \o(il  conditions 
tliat  have  caused  some  implements  to  disappear  and  others  to  continue  in  use,  but 
may  also  have  some  ethnological  interest,  it  being  very  improbable  that  the  people 
of  the  Faroes  are  of  even  as  pure  Scandinavian  descent  as  those  of  Iceland,  while 
the  Westmann  Islanders  did  not  originally  come  from  Rangarval,  but  from  tbe 
extreme  north  of  Iceland,  where  the  population  is  more  highly  cultured  than  that 
of  the  south. 

4.  Coldrumy  Kent,  cmd  its  rekUion  to  Stonelienge^ 
By  George  Cunch. 

The  district  which  lies  immediately  to  the  N.W.  of  Maidstone  is  remarkable 
for  an  interesting  series  of  prehistoric  megalithic  remains.  The  best  known  of 
theae  is  Kits  Ooty  House ;  a  fallen  cromlech  called  the  '  Ooimtless  Stones,'  lower 
down  the  same  hillside ;  several  other  ruined  examples  in  Addington  Park ;  and 
Ooldrum,  or  Coldreham,  which  stands  lees  than  two  miles  north  of  this,  on  high 
ground  overlooking  the  Medway  valley  and  within  sight  of  Kits  Coty  House. 

The  remains  of  Coldrum  comprise  a  central  cromlech  without  capstone,  an 
irregular  line  of  large  blocks  of  stone  on  the  western  side,  and  traces  of  a  tumulus. 
The  published  descriptions  of  it^  do  not,  however,  mention  its  most  important 
and  characteristic  feature,  namely,  that  between  the  two  upright  stones  which 
foiin  the  sides  of  the  chamber  there  stand  two  stones,  about  midway,  forming  a 
partition  which  divides  the  space  into  two  adjoining  sepulchral  chamliers. 

The  size  of  the  upright  stones  is  remarkable  (7  feet  high  by  11  feet  by  2  feet 
3  inches  thick),  and  still  more  the  regularity  of  their  form. 

Seventeen  irregularly  placed  stones,  inclosing  a  small  space  on  the  W.  side  of 
the  cromlech,  represent  a  part  only  of  what  was  probably  a  quadrangular  or  oblong 
enclosure,  placed  at  the  foot  of  the  tumulus,  by  which  the  whole  cromlech  was 
originally  concealed. 

The  arrangements  above  described — of  a  two-chambered  cromlech  with  a 
square  or  oblong  tumulus  and  massive  outline  wall — are  of  great  rarity  \  and  the 
wnole  structure  suggests  a  late  dat«  in  the  neolithic  age,  when  the  form  of  the 
sepulchral  chambers  was  followed  out  in  the  construction  of  the  mound.  A 
similar  somewhat  larger  neolithic  megalithic  structure  at  Sievem,  in  Hanover,  has 
been  fully  published,  with  illustrations,  by  Fr.  Tewes.^ 

'  To  be  published  in  full  in  Jmim.  Anthr,  Inst,  zzxiii. 
*  Published  in  full  in  Man,  1904,  12. 

'  Flinders  Vetd^Arehaologia  Cantiana,  vol.  xill.  pp.  14, 16 ;  (George  Payne,  ColUO' 
trniua  Camtiana  (1893),  pp.  139-141. 

^  Die  SUimgraber  tUr  Provvw  Hannover,  1898. 
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The  ief(tilar  fonu,  good  proportioBS,  and  flat  suifkoes  of  tlie  upright  itOMiit 
Ooldram  are  Teiy  remarkaole,  and  Bugcest  artificial  shaping  and  peziuipf  dreabi. 
These  also  point  to  a  late  period  in  me  neolithic  age,  mnd  present  reoui^iUe 
similaritiee  to  the  forms  at  Stonehenge.  That  these  careful  forms  and  soz&m 
could  be  produced  with  stone  tools  has  been  shown  in  the  case  of  Stonehofeiif 
Professor  GK>wliuid,  *  Recent  £zcayations  at  Stonehenge.'  ^ 

The  idea  of  enclosing  the  ^principal  structure  within  a  line  of  stonet  iiiko 
common  to  Stonehenge  and  Coldrum;  but  whereas  Coldrum  was  ohfioadri 
sepulchral  monument,  Stonehenge,  though  following  to  some  extent  the  hk 
arrangement,  was  conceived  on  a  more  anmitious  scale,  and  probablj  deagsedfs 
a  very  difierent  purpose. 

The  megalithic  structures  of  Kent  furnish  a  valuable  series  illustzative  of  tk 
constructiye  skill  of  neolithic  man.  At  Kits  Coty  House  the  two  main  opc^ 
lean  somewhat  inwards  and  rest  against  the  middle  upright  between  thfln^tlv 
distributing  the  weight  of  the  capstone  so  as  to  consotid^  the  whole  Btmetn. 
the  re^tance  of  which  to  complete  denudation  proves  also  the  excellence  of  & 
foundations.  At  Coldrum  the  construction  has  developed  further,  for  the  i^ngte 
still  stand  erect,  even  though  no  capstone  remains. 

The  author  traces  in  these  rectangular  megalithic  monuments  the  fnMm 
of  the  series  of  Anglo-Saxon  churches,  sometimes  called  '  Scottish,' '  Oehie,  a 
*  British,'  of  which  good  examples  are  seen  at  Boarhurst,  Hants,  and  in  iW 
Castle. 


5.  Excavations  at  Caenoentf  MonmouUiahire^  1899-1903.' 
By  T.  AsHBT,  jun.,  M,A. 

The  Romano-British  city  of  Venta  Silurum,  the  site  of  which  is  now  vafA 

ST  the  village  of  Caerwent,  Monmouthshire,  five  miles  weet  of  Chepstow  od 
even  miles  east  of  Newport,  is  onlv  mentioned  by  this  name  in  the  Antoiiii 
Itinerary  and  by  the  G^eographer  of  Ravenna.  In  the  former  it  appesa  tf  s 
station  upon  the  Roman  road  from  London  vid  Bath  to  South  Wales,  b  t^ 
classical  authors  it  is  not  spoken  of,  though  the  tribe  of  the  Silures  is  inentiflie' 
by  Tacitus ;  but  an  inscription  recently  discovered  in  the  centre  of  the  dtj  Asr 
that  it  was  the  centre  of  the  tribal  organisation  under  wUch  the  Siloies  liW  a 
Roman  times.  The  text  is  as  follows:  ,  .  .  leff{ato)  legijUmU)  u  awf(M^^ 
proconwl{%)  provinc(iat)  Narbonerms  leg(ato)  Auff(usH)  pr{o)  pr{€eiore)  pm^miii 
L%tgudunen(8is)  ex  decreto  ordmis  respubl(ica)  civit(att8)  SUw^itm, 

The  external  walls  of  the  city  are  still  clearly  traceable.  They  form  a  leeto^ 
of  about  500  (E.  to  W.)  by  400  (N.  to  S.)  yards,  and  on  the  south  «de  m 
preserved  to  a  hei&^ht  of  some  20  feet.  Some  remains  of  the  east  and  west  gi^ 
still  exist,  while  the  north  gate  is  preserved  up  to  the  spring  of  the  srch,  •» 
shows  signs  of  modification.  Within  the  wall  and  parallel  to  it  a  mound  of  ^ 
clay  has  been  discovered  in  many  places,  which  is  believed  to  have  besa  ^ 
original  fortification  of  the  city ;  whether  its  origin  is  military  or  civil  is  s  po<* 
as  yet  uncertain. 

Excavations  are  still  in  progress,  and,  if  circumstances  permit,  may  he  csiwi 
on  for  several  years  more,  as  the  greater  part  of  the  site  is  unoccupied  tj  hoal^ 

The  ancient  city  appears,  at  one  period  of  its  existence  at  any  rate,  to  hs^ 
been  divided  into  twenty  insuUs.  The  modem  highway,  which  runs  from.  esM  w 
west  through  the  centre  of  the  site,  follows  the  line  of  the  ancient  road;  snd  it 
almost  equal  distances  north  and  south  of  this  ancient  roads  have  been  hroq^^ 
Mght.  There  seem  to  have  been  four  roads  running  from  north  to  souUi,  rfwki» 
the  easternmost  alone  has  not  yet  been  discovered  m  any  part  of  its  coarse,  h  s 
obvious,  however,  that  our  statements  on  this  point  must  be  subject  to  rasflre* 
inasmuch  as  much  further  excavation  remains  to  be  done. 

The  buildings  which  have  been  brought  to  light  consist  chiefly  of  fo^ 

*  Arohaoioffia,  vol.  Iviii.  pp.  37-118. 

'  Full  reports  in  Archm^igia  and  summary  in  IAmi,  1901 
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houses,  ftbd  some  of  these  present  a  ground  plan  which  appeals  to  he  unique  in 
England,  haTing  the  rooms  arranged  round  all  the  four  sides  of  a  rectangular 
courtyard.  The  walls  are  strongly  huilt  of  blocks  of  limestone,  and  in  some  cases 
the  painted  plaster  upon  fhe  wuls  is  found  in  iitu  in  good  preservation.  Some 
interesting  mosaic  pavements  have  been  found. 

A  large  buUding  near  the  North  Gate  (so  far  only  partially  excavated)  may 
have  had  some  public  character,  and  a  little  to  the  east  of  this  gate  an  amphi- 
theatre (apparently  of  late  date)  has  recently  been  discovered  within  the  city  walls. 
So  little  of  It  is  preserved  that  it  must  be  supposed  to  have  been  mainly  of  wood ; 
the  arena  wall,  which  exists  almost  in  its  entirety,  encloses  an  oval  the  diameters 
of  which  are  about  146  and  126  feet. 

The  smaller  objects  include  a  roughly  sculptured  head  in  sandstone,  probably 
of  some  deity,  while  pottery,  bronze  and  iron  objects,  &c.  are  found  in  profusion. 
Some  of  the  coloured  enam^  is  especially  good. 


6.  Rihchester  :  the  Roman  Fortress  Sremettenctcu/m, 
By  John  Garstang,  B.Litt 

Bibchester,  on  the  Kibble  Valley,  has  long  been  known.  Boman  remains,  some 
of  them  exceptional  in  character,  have  been  found  there  since  the  beginning  of 
archseological  record.  One  object  in  particular,  a  bronze  ornamental  helmet,  the 
head  probably  of  a  deity,  now  preserved  in  the  British  Museum,  is  specially  note- 
worthy. The  fame  of  this  Roman  station  has  been  increased  by  an  old  tradition 
of  buned  treasure,  which  seems  to  have  been  based  actually  upon  an  event  of  post- 
Roman  date,  and  has  been  shown  recently  by  a  distinguished  numismatist  to  nave 
probable  reference  to  the  Ouerdale  hoard  of  Saxon  coins. 

Excavations  made  in  1898-99  have  now  shown  that  the  station  at  Rihchester 
conformed  with  the  general  scheme  of  frontier  defences  of  the  Roman  Empire.  It 
was  one  of  a  series  of  such  fortresses  in  methodical  arrangement  which  with  the 
wall  of  l^ulrian  formed  the  northern  ^ontier  defences  of  Roman  Britain  against 
the  hill  tribes  of  the  north.  It  is  analogous  in  plan  and  constructive  details  with 
other  forts  of  the  same  system  and  period.  It  is  to  be  distinguished  primarily 
from  the  camps  of  a  moving  army  the  disposition  of  which  is  well  known  from 
literary  sources,  just  as  the  name  castellum  is  different  from  the  word  castra, 
Latin  historians  were  careful  of  this  distinction,  and  it  behoves  English  archsBo- 
logists  to  be  equally  on  their  guard.  The  Roman  fort  is  hardly  treated  in  con- 
temporary literature,  but  its  character  and  militarv  organisation  are  now  clearly 
defined  by  the  results  of  archaeological  research.  This  fort  is  to  be  distinguished 
secondarily  with  the  dass^  of  which  it  is  an  example  from  the  later  type  of  Roman 
fortress,  ^miliar  irom  ruins  on  the  south-eastern  coast  line,  built  in  the  fourth 
centuiT  to  oppose  the  dangers  which  threatened  the  Saxon  shore.  These  later 
strongholds  have  external  buttresses  and  turrets,  are  generally  larger  and  with 
higher  waUs,  and  exhibit  the  prototypes  of  some  of  the  mediaeval  details  of 
fortification. 

But  the  class  of  fortress  to  which  Rihchester  belongs  is  entirely  of  the  earlier 
character,  severe  rectangular  shapes  with  internal  buttresses  and  mural  towers, 
magnificent  double-arched  gates,  a  stout  wall  not  very  hurh,  with  parapet  and 
guiurd  chambers  upon  its  length.  In  large  examples  of  this  class,  of  which 
fUhchester  is  one,  the  interior  was  filled  with  stone-built  barrack-rooms  and 
stables,  arranged  regularly  in  rows  and  streets.  In  the  centre  was  the  large 
'  praetorium,'  the  headquarters  of  the  commander  of  the  division  which  constituted 
the  garrison.  On  one  side  was  commonly  a  lar^e  storehouse  or  granary,  and  at 
Ribdiester  (quite  exceptionally)  there  seems  to  have  been  a  temple  within  the 
walls.  Anotner  sub-class  of  this  period  is  found  to  be  of  smaUer  area — about 
three  acres  only — ^with  the  outer  walls  and  praetorium  only  of  stone. 

The  inception  of  the  idea  of  a  series  of  frontier  fortresses  in  the  north  was  due 
to  Areola,  but  the  scheme  elaborated  to  its  perfection  with  Hadrian,  and  much 
activity  in  building  is  still  evidenced  from  the  macriptions  under  the  Aiitoninee. 
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It  was  about  this  period  probaUy  that  BremettefDftcum  was  fiosllj  k3L 
There  is  no  definite  eTidence  of  its  earlier  origins,  bat  it  is  known  that  a  detMoot 
of  the  Sixth  Legion  (from  York)  completed  some  building  work  under  Oalpania 
Agricola  in  the  middle  of  the  second  century.  It  was  flparrisoDed  at  one  taek 
a  wing  of  Sarmatian  cayalry  (auxiliaries),  and  later  by  a  body  of  Astana. 
It  was  connected  in  the  military  scheme  byroads  into  the  Roman  station  ti 
Manchester  (Mancunium)  and  at  Wigan  (Coodum)  to  the  south,  with  Orerbora^ 
(Ghklacum)  and  Lancaster  (P  Kigodunum)  to  the  north,  and  directly  witk  t^ 
legionaiT  headquarters  at  York  (Eboracum)  by  the  road  over  the  hills  thnofi 
Ilkley  (POlicana). 

[A  full  description  of  the  excavations  and  recent  discoTeries  is  gi?en  io  ^ 
excursion  handbook  for  the  Southport  meeting.] 


7.  The  Soman  Fort  at  Brough.    By  John  GAfiSTANO,  B.Uit 

Excavations  of  an  exploratory  character  have  been  made  daring  the  ptst  ooea 
upon  the  Roman  site  at  Brough,  in  Derbyshire,  near  to  Hope  Tilkge  luid  ittoa 
They  have  shown  that  the  station  there  was  military,  being  in  fact  a  foitna  i 
the  earlier  class,  built  probably  under  Hadrian  or  Antoninus  Pius,  in  tk  enfie 
half  of  the  second  century.  It  corresponds  in  many  particulars  to  the  typ  ^ 
forts  along  the  wall;  though  small  in  area  it  was  stoutly  built.  Its  cater vila 
were  nowhere  lees  than  six  feet  in  thickness,  and  its  prsBtoriam  wasexteoaTe^isi 
a  remarkable  strength  of  masonry.  It  had  the  usual  four  gateways  and  vmid 
corners  surmounted  by  turrets,  and  it  was  situated  in  the  favourite  pootioB  fi 
the  junction  of  two  streams.  The  outline  of  the  fortress,  the  position  of  tbfit- 
torium  and  adjoining  buildings,  and  the  suggestion  of  other  stone  boildiiigBWH^ 
the  enclosure  have  Deen  determined  by  these  experimental  excavations.  Is  > 
central  position,  possibly  within  the  nrstorium  itself,  was  disclosed  a  deep-vil^ 
enclosure,  with  steps  leading  down  from  top  to  bottom.  The  masonry  is  As** 
teristically  solid.  In  clearing  out  the  refuse  £rom  this  there  were  found,  sdm 
other  remains,  two  inscribed  altars,  difficult  to  read,  the  one  small  and  weU  esim 
but  broken,  the  other  large  and  complete.  Of  more  immediate  interest  vai 
portions  of  a  large  inscribed  tablet  which  when  put  together  proved  to  htfe  ^ 
about  five  feet  in  length,  with  a  nice  moulded  border.  The  inscription  ditesfas 
the  time  of  Antoninus  Pius,  and  seems  to  have  been  set  up  by  a  prsefect  ofti' 
First  Cohort  of  Aquitani  under  Julius  Verus,  then  Governor  of  Britsin.  ft 
name  of  the  praefect  appears  to  be  new,  but  the  contingent  is  known  from  in"' 
ments  found  near  Bakewell  and  elsewhere. 

The  Coundl  of  the  Derbyshire  Archeological  Society  are  encouraged  bt  tkff 
tentative  results  to  make  a  careful  and  systematic  excavation  of  the  wkle  ^ 
and  cordially  invite  general  interest  and  support.  The  inc^tion  of  the  fi^^  ' 
due  to  Mr.  W.  J.  Andrew,  F.S.  A.,  editor  of  the  Society's  journal,  in  which  tW 
full  account  of  the  present  and  future  discoveries  will  be  published  from  .in'  ^ 
year,  

8.  Report  oftlie  Committee  on  the  Silchester  BxcavatumB. 
See  Reports,  p.  412. 


9.  On  a  Prehistoric  Drinking -vessel  found  near  Burnley* 
By  Tattebsall  Williamson. 

The  author  described  a  number  of  urns  found  at  Todmorden.  The  vntSt  viic^ 
are  hand-made,  are  associated  with  a  flint  arrowhead,  showing  rerv  fine  workBtf* 
ship,  a  bronze  fibula,  a  pin,  and  a  number  of  jet  and  bone  oeada  1b  t* 
central  cinerary  urn,  which  was  of  a  finer  character,  were  found  human  ^^J*** 
and  also  an  incense-cup  and  a  food- vessel ;  a  microscopical  examination  of  w 
latter  showed  traces  of  its  former  contenta. 
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In  other  elctvationt  in  the  neighbourhood  the  remains  of  two  P^noni  hud 
LnTariablj  been  found  tofj^ether,  one  an  adult,  the  other  a  child.  The  author 
aangned  the  prehistoric  sitee  near  Burnley  to  three  distinct  periods,  that  of  the 
barrows,  followed  by  the  epochs  of  the  Earth  Circle  and  the  Stone  Circle.  The 
period  of  the  barrows  would  appear  to  be  the  earliest,  as  the  barrows — ^unlike 
tboee  in  Torkshire,  explored  by  (Janon  Ghreenwell — ^had  never,  as  far  as  the  author 
knew,  been  found  to  contain  bronze  objects. 

10.  Antiquities  near  Eharga  in  the  Great  Oasis. 
By  Charles  S.  Mters,  M.D. 

The  photographs  illustrating  these  antiouities  were  for  the  most  part  taken  by 
the  late  Anthony  Wilkin,  who  accompaniea  the  writer  on  his  visit  to  the  Great 
Oasia  in  1901. 

(L)  At  the  eastern  entrance  to  the  oasis  is  a  large  buttressed  fortlike  ruiU) 
called  hj  the  natives  £1  Beir,'  t.e.  the  monastery.  Its  walls  have  a  thickness  of 
twelve  ieet,  it  covers  about  a  hundred  and  ninety  square  feet.  The  neighbourhood 
abounds  in  worked  flint  implements. 

(ii.)  On  a  rising  piece  oi  ground  about  three  miles  north  of  the  village  of  Eharga 
stands  the  early  Christian  (Nestorian)  necropolis,  now  called  El  Baguat.  It  con- 
sists of  streets  of  well-preserved  tombs  and  funereal  chapels  of  unbumt  bricks, 
formerly  faced  with  plaster.  Remains  of  mummv  cloths  can  be  seen.  Niches  are 
built  into  the  waUs,  probably  to  receive  lamps  ana  gifts  of  food  for  the  dead.  The 
interiors  of  the  tombs  are  decorated  with  the  Egyptian  tmkhj  birds,  vine-tendrils, 
&c.  There  is  a  large  chapel  and  a  tomb  covered  with  frescoes  of  Biblical  scenes, 
photographs  of  whidi  are  exhibited.  The  buildings  may  be  attributed  approxi- 
mately to  the  seventh  centurv. 

(iii.)  Somewhat  nearer  iLharga  stands  the  well-preserved  temple  of  Hibir, 
begun  by  Darius  L  and  completed  by  Darius  II.,  one  oi  the  most  important  monu> 
ments  oi  the  Persian  dynasty  in  Egypt. 


11.  Egyptian  Burial  Customs,^     By  J OBV  Gaust/lSO,  B.Litt. 

Excavations  made  during  the  past  winter  upon  the  hillside  at  Beni-Hasan,  in 
Upper  Egypt,  have  resulted  in  the  discovery  of  a  necropolis  of  the  Middle  Empire, 
alx)ut  2200  B.C.,  which  has  thrown  much  light  upon  the  burial  customs  of  that 
period.  Visitors  to  the  well-known  rock-hewn  tombs  of  the  princes  and  great 
officials  are  familiar  with  the  paintings  of  barques  and  offerings  and  general 
funereal  furniture  upon  the  walls.  These  newly  found  tombs  are  the  burying- 
places  of  the  minor  officials  and  distinguished  women,  the  middle  classes  of  the 
locality.  They  are  not  sufficiently  large,  for  the  most  part,  nor  of  suitable 
character,  for  mural  decorations ;  but  they  were  found  furnished  with  numerous 
wooden  models,  which  explain  at  once  many  points  of  interest  connected  with  the 
burying  of  the  dead,  and  in  themselves  illustrate  the  industrial  processes  of  the 
ancient  country. 

Altogether  492  tombs  were  found  and  examined.  Many  of  these  had  never 
previously  been  disturbed.  Fortunately,  too,  in  several  instances  the  preservation 
of  the  objects  was  perfect.  They  were  seen,  as  the  door  of  each  tomb  was  opened 
— boats  under  sail,  funereal  barques,  granaries,  men  with  oxen,  women  with 
geese,  brewers  and  bakers — all  in  their  places,  freshly  painted  and  free  from  dust 
or  accumulation,  exactly  as  they  had  been  left  four  thousand  years  ago.  A  series 
of  pbotographu!  views  of  the  interiors,  tkken  by  reflected  light,  illustrate  the  whole 
process  of  the  excavation,  and  these  observations,  stage  by  stage,  as  well  as  pictures 
of  the  deposited  objects  themselves. 

A  comparison  of  results  obtained  from  the  several  well-furnished  tombs  shows 
that  there  was  some  uniformity  as  to  the  character  of  the  objects  that  furnished 

*  To  be  published  more  fully  in  Man,  1904. 
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the  hooteft  of  the  detd.  Thej  indnded  enentiallj  the  foUowmg  Aantttnt 
(a)%  rowin^bottfc ;  (b)  a  Miling-bott ;  (c)  a  granary;  (d)  a  bakery;  («)  a  brewery; 
(f)  an  ox,  or  tacrinoe;  (y)  a  girl  with  geeee  and  baaket  The  gioape  Taxied 
slightly,  but  theee  were  uniformly  included.  They  seem  to  haye  borae  no  Felatioii 
to  the  profession  of  the  deoeaaed,  but  are  simply  of  religions  motiye — ^be  eUborate 
provision  for  a  future  ioumey.  In  one  case  two  other  yessds  were  depos^ed,  bat 
they  were  of  warlike  character,  and  in  this  case  probaUj  had  a  special  aigmfi- 
cance.  In  them  were  armed  men,  shields,  spears,  and  an  interesting  group  oF  two 
fig^ures  playing  chess. 

Numerous  small  objects  were  discoyered,  among  them  a  small  woodoi  statuette 
of  a  woman  carrying  her  babe  in  a  shawl  upon  her  back.  She  is  characteiisticaUj 
Libyan.  The  photographs  number  about  450,  and  arrangements  are  being  made 
for  their  publication. 


MONDAY,  SEPTEMBER  14. 
The  following  Report  and  Papers  were  read : — 

I.  Report  of  the  Committee  on  the  Psychology  and  Sociology  of  the  TodaL 

See  Reports,  p.  415. 


2.  Toda  Kinship  and  Marriage.    By  W.  H.  R.  Rivers,  JT.D. 
The  kinship  system  and  marriage  institutions  of  the  Todas  were  studied  hv 


of  the  genealogical  method.^  The  Todas  peserye  their  pedigrees  b^  oral  tran*- 
mission  for  seyeral  generations,  but  consiaerable  difficulty  was  experienced  in  ob- 
taining the  record  owing  to  the  existence  of  a  taboo  on  the  names  of  dead  lelatiyea 

Finally,  however,  a  fairly  complete  genealogical  record  of  the  whole  coo- 
munity  was  obtained,  going  mck  for  two  or  three  generations,  and  this  f  urmaJied 
the  basis  for  the  study  of  the  social  organisation. 

The  system  of  kinship  is  of  the  kind  known  as  '  classificatory,'  every  male  d 
an  indiviaaal's  clan  being  either  his  grand£ikther,  father,  brother,  son,  or  ffrandsoi 
and  every  female  his  grandmother,  mother,  sister,  daughter,  or  granddau^ter.  A 
special  feature  of  the  system  is  that  the  fathei^in-law  receives  the  same  name  m 
tne  mother's  brother,  and  the  mother-in-law  the  same  name  as  the  father's  aiater. 
The  orthodox  Toda  marriage  is  one  between  the  children  of  brother  and  sister:  i 
man  marries  normally  the  daughter  of  his  maternal  uncle,  or  of  his  paternal  aunt: 
and  this  custom,  which  is  common  in  Southern  India,  has  so  influenced  the  sjstea 
of  kinship  that  both  mother's  brother  and  wife's  father  receive  the  same  name, 
even  when  the  two  relations  are  not  united  in  the  same  person. 

There  are  two  distinct  sets  of  kinship  terms :  one  set  used  when  spea]dn|r  of  ft 
person,  and  the  other  used  in  direct  address.  The  latter  terms  are  more  limited 
m  number  than  the  former,  and  are  used  in  a  more  general  way,  and  the  name§ 
of  this  kind  given  by  individuals  to  one  another  are  determined  largely  by  ihi 
respective  generations  and  relative  ages  of  the  speakers. 

Although  the  Toda  system  is  definitely  of  the  dassificatoiy  kind,  the  peopb 
often  used  terms  which  define  more  exactly  the  nature  of  the  relationship  ;  tnus,  a 
man  might  speak  of  his  nephew  as  *  my  son,'  or  as  '  my  younger  brother's  son.' 
This  and  other  similar  practices  seem  to  show  that  the  Toda  system  is  losing  its 
purely  classificatory  character,  and  is  approaching  the  descriptive  stage. 

Tne  Todas  have  very  definite  mamage  regulations,  xlie  people  are  divided 
into  two  endogamous  groups,  each  of  which  is  subdivided  into  a  number  of 
exogamous  groups  which  may  be  caUed  '  clans.' 

The  two  chief  groups  are  not  allowed  to  intermarry :  a  man  must  marry  a 
woman  of  hie  own  division.    The  clans  into  v^hich  the  two  chief  divisions  are  sab> 

*  Jaum.  Anthrop.  Inst,  xxxi  1900,  p.  74. 
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divided  take  their  names  from  certain  important  villages.  The  people  of  a  dan 
are  known  as  model  (vUlage  people),  and  a  man  is  not  allowed  to  marry  one  of 
his  own  madoL 

Marriage  is  also  regulated  by  kinship.  A  man  may  not  marry  the  daughterof  his 
father'iB  brother.  As  there  is  paternal  descent,  she  would  be  of  his  own  clan.  He  is 
also  prohibited  from  marrying  the  children  of  his  mother's  sisters,  though  they  will 
usually  not  be  members  of  his  clan.  There  is  thus  a  prohibition  of  marriages  be- 
tween the  children  of  brothers  on  the  one  hand  and  between  the  children  of  sisters 
on  the  other  hand.  Between  the  children  of  brother  and  sister  there  is  not  only 
no  such  prohibition,  but  the  orthodox  marriage  is  of  this  kind.  A  man  normally 
marries  the  daughter  of  his  mother's  brother  or  of  his  father's  sister.  Infant 
marriage  is  a  well-established  Toda  custom,  and  children  married  to  one  another 
are  very  often  cousins — the  children  of  brother  and  sister.  There  is,  however,  a 
very  general  custom  of  transferring  wives  fVom  one  man  to  another  (or  from  one 
set  of  men  to  another),  and  the  unions  which  ensue  are  not  necessarily  examples  of 
the  marriage  of  cousins. 

The  Todas  have  lon^^  been  noted  as  a  polyandrous  people,  and  the  institution  of 
polvandry  is  still  in  fuU  working  order  among  them.  When  a  girl  becomes  the 
wi&  of  a  boy  it  is  usually  understood  that  she  becomes  also  the  wife  of  his 
brothers. 

In  nearly  every  case  at  the  present  time  and  in  recent  generations  the  husbands 
of  a  woman  are  own  brothers.  In  a  few  cases  though  not  brothers  they  are  of 
the  same  clan.    Very  rareljr  do  they  belong  to  different  clans. 

One  of  the  most  interesting  features  of  Toda  polyandry  is  the  method  by  which 
it  is  arranged  who  shall  be  regarded  as  the  father  of  a  child.  For  all  social  and 
legal  purposes  the  father  of  a  child  is  the  man  who  performs  a  certain  ceremony 
about  the  seventh  month  of  pregnancy,  in  which  an  imitation  bow  and  arrow  is 
given  to  the  woman. 

When  the  husbands  are  own  brothers  the  eldest  brother  usually  gives  the  bow 
and  arrow,  and  is  the  &ther  of  the  child,  though  so  long  as  the  brothers  live 
together  the  other  brothers  are  also  regarded  as  fathers. 

It  is  in  the  cases  in  which  the  husbands  are  not  own  brothers  that  the  cere- 
mony often  becomes  of  real  social  importance.  In  these  cases  it  is  arranged  that 
oi^e  of  the  husbands  shall  give  the  bow  and  arrow,  and  this  man  is  the  father,  not 
only  of  the  child  bom  shortly  afterwards,  but  also  of  all  succeeding  children,  till 
another  husband  performs  the  essential  ceremony.  Fatherhood  is  determined  so 
absolutely  by  this  ceremony  that  a  man  who  has  been  dead  for  several  years  is 
regarded  as  the  father  of  any  children  borne  by  his  widow  if  no  other  man  has  given 
the  bow  and  arrow. 

There  is  no  doubt  that  in  former  times  the  polyandry  of  the  Todas  was  asso- 
ciated with  female  infanticide,  and  it  is  probable  that  the  latter  custom  still  exists 
to  some  extent,  through  strenuously  demed.  There  is  reason  to  believe  that  women 
are  now  more  plentiful  than  formerly,  though  they  are  still  in  a  distinct  minority. 
Any  increase,  however,  in  the  number  of  women  does  not  appear  to  have  led  to 
any  great  diminution  of  polyandrous  marriages,  but  polyandry  is  often  combined 
with  polygyny.  Two  or  more  brothers  may  have  two  or  more  wives  in  common. 
In  Buch  marriages,  however,  it  seems  to  be  a  growing  custom  that  one 
brother  should  give  the  bow  and  arrow  to  one  wife,  and  another  brother  to  another 
wife.  It  seems  possible  that  the  Todas  are  moving  from  polyandry  towards  mono- 
gamy through  an  intermediate  stage  of  combined  polyandry  and  polygyny. 


3.  The  Toda  Dairy.    By  W.  H.  R.  Rivbrs,  M.D. 

The  Todas  of  the  Nilgiri  Hills  practise  an  elaborate  religious  ritual  which  is  a 
development  of  the  ordinary  operations  of  the  dairy.  The  oairy  is  the  temple  and 
the  dairyman  is  the  priest. 

There  are  several  kinds  of  dairy-temple,  of  different  degrees  of  sanctity,  cor- 
responding to  the  different  degrees  of  sanctity  of  the  buffaloes  tended  at  each. 
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Of  these  didries  there  are  three  chief  grades.  The  higheat  kind  is  found  m  mM 
spots  far  fhMn  any  plaoe  where  ordinary  people  live.  Theee  dairies  bcdoofftoaitf 
the  two  chief  divisions  of  the  Todas,  the  Tdrihdrol,  bat  are  tended  bf  as 
belonging  to  the  other  diyision,  the  TetvaUol,  The  lowest  grade  of  dsiiy  kfmi 
at  the  ymages  where  the  people  liye,  and  these  dairies  are  tended  Ij  men  of  tk 
same  division  as  that  to  wnich  the  dairy  belongs.  The  dairies  of  inteiBi&ft 
sanctity  are  found  only  at  the  villages  of  the  Tdrthdroly  bat  are  tnW  W 
membm  either  of  the  TetvaUol  or  of  one  special  dan  of  the  Tirtk&nL 

It  is  only  the  milk  of  the  different  kinds  of  sacred  baffalo  which  if  Amd 
in  the  dairy-temple.  There  are  buffaloes  which  are  not  sacred,  and  their  nit  i 
churned  in  the  front  part  of  the  huts  in  which  the  people  live. 

The  more  sacred  the  dairy,  the  more  elaborate  is  its  ritusL  In  e?erj  m 
the  dairy  vessels  are  divided  into  two  groups.  The  more  sacred  vessels  in  tbv 
which  come  into  contact  with  the  buffaloes  or  the  milk.  The  less  sscnd  ir 
those  which  receive  the  products  of  the  churning.  In  the  highest  kind  d  dsrr 
the  products  of  the  churning  do  not  pass  directly  from  the  more  sacred  to  tUI« 
sacred  vessels,  but  have  to  pass  from  one  to  the  other  by  the  help  of  ta  id*- 
mediate  vessel.  The  dairy  ritual  is  accompanied  by  definite  praver;iii<^ 
more  sacred  the  dairy,  prayer  becomes  a  more  prominent  feature  of  ue  litoiL 

In  most  of  the  more  sacied  dairies  there  is  a  bell  which  is  an  otjea  i 
reverence,  and  usually  milk  is  put  on  this  bell  during  the  dairy  operaticai. 

The  more  sacred  the  dairy,  the  more  is  the  life  of  the  dairvnin  hed^ 
about  with  restrictions.  There  are  definite  ordination  ceremonies  fiveeekfa^ 
of  office.  In  the  lowest  grade  they  may  be  completed  in  less  than  an  hour;  ii » 
highest  they  are  prolonged  over  more  than  a  week. 

In  addition  to  the  three  chief  grades  of  dairy,  there  are  certain  diini  i 
which  the  ritual  has  developed  in  some  special  direction,  and  there  are  o^^^f^ 
siderable  differences  in  the  ritual  of  different  dairies  of  the  same  kind,  f^V^- 
of  the  highest  gprade.  Each  clan  has  a  special  prayer  for  use  in  tbe^ 
belonging  to  that  dan,  and  each  of  the  highest  kmds  of  dairy  has  also  its  «n 
special  prayer. 

Various  features  of  the  lives  of  the  buffaloes  are  made  the  oocasiot  d9»' 
monies,  often  elaborate  and  prolonged.  Whenever  the  buffaloes  so  to  * 
dairy  to  another  to  obtain  fresh  pasturage,  the  journey  becomes  an  dabontt  cs^ 
mony  which  may  be  prolonged  over  two  or  three  days.  Oiviog  nit  to  ■ 
buffaloes  is  similarly  accompanied  by  complicated  ceremonies,  and  cerenooMi  ce 
held  fifteen  days  after  the  birth  of  a  female  calf. 

One  of  the  most  interesting  of  the  ceremonies  of  the  dairy  is  (^^'■'"^^J^ 
the  custom  of  adding  buttenxalk  from  a  previous  churning  to  the  newhr  drifl 
milk.  By  means  of  the  addition  of  buttermilk,  which  is  adled  pep^  a  kina  cC ^ 
tinuity  is  kept  up  in  the  dairy  operations ;  but  under  certain  coaditMoi  tit 
continuity  is  oroken,  and  it  becomes  necessary  to  make  new  jo^,  and  thb  tfj'' 
the  occasion  of  prolonged  and  elaborate  ceremonies. 


4.  The  Ancient  Monuments  of  If orthern  Honduras  and  the  adj^^ 
Yucatan  and  Guatemala,  with  some  Account  of  the  Former  f'***^Jf^ 
of  these  Regions  and  the  Characteristics  of  the  Races  now  iM^ 
them.^    By  Dr.  T.  W.  Gann. 

The  author  describes 

(1)  The  Ancient  Monuments  of  Honduras,  namdy^- 

fa)  Temples :  their  number  at  present  known  and  their  situatioD.  ^J^j^ 
specimen  is  described  and  resemblances  are  noted  to  similar  structares  dw'iW^ 

(b)  Buildings  within  mounds,  with  stucco-ornamented  walls  and  boiisl  cy* 
or  large  burial  chambers ;  some  mounds  contain  more  than  one  chamber. 

>  To  be  published  in  full  in  Joum.  Antkr.  lusL 
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(c)  SteQa,  sculptured  tnd  plain.  Similar  monolitlis  occur  in  Spanish  Hon- 
duras and  Mexico. 

(d)  St<m&facedj>i^amid$,nnfAe  and  in  groups.  A  large  ston^-faoed  plateau 
ooTered  with  pyramids  has  been  discovered  recently. 

(e)  Fortifications,  especially  groups  of  fortified  mounds  alonff  the  sea-shore, 
and  look*out  mounds  with  fortifications  attached,  near  ancient  vilLige  sites. 

(f)  OvM  underground  chttmben:  their  distribution,  size,  contents,  and 
probable  uses*    Similar  chambers  occur  elsewhere. 

(2)  The  Former  CiotUaation  of  Honduras : — 

(a)  Weapons  and  tools  and  the  materials  from  which  manufactured.  ,The 
author  notes  the  unaccountable  absence  of  metals  and  describes  the  spear  and  arrow 
heads,  celts,  knives,  even  grinders,  loom-weights,  net-sinkers,  hammer-stones, 
■crapers,  henequen-deaners,  and  other  stones  of  unknown  use. 

(b)  Ornamental  and  ceremonial  objects  i  hea(f-dress  ornaments,  earrings,  nose 
ornaments,  labrets,  gorgets,  and  curiously  shaped  flint  and  obsidian  objects, 
probably  ceremonial. 

(c)  i\)^£tfry.— There  are  three  main  varieties :  (1)  fine  thin  ware,  painted  in 
Tarious  colours  and  glazed;  (2)  coarser  red  ware;  (d)  very  clumsy,  coarse, 
unglased  ware,  usually  employed  for  sepulchral  purposes. 

(d)  Burial  customs, — ^There  is  great  variety  m  tne  methods  of  burial :  crema- 
tion and  partial  cremation;  burial  in  cysts  and  oval  chambers;  earth  burial. 
The  position  of  corpse  and  the  objects  buned  with  the  dead  are  noted,  and  also  the 
local  custom  of  buryin|^  small  anunal  efiigies  with  the  dead. 

(e)  Writing  and  ptctoffrapMc  records  SIB  similar  to  those  found  at  Palenque, 
Quiriqua,  Chicben-Itza,  £c  There  is  no  satisfactory  key  as  yet.  Specimens  are 
on  stone,  pottery,  and  stucco. 

(f)  JSsl^^ion.— The  Tolteo  pantheon  is  described ;  the  probable  introduction  of 
human  sacnfioe  is  discussed,  and  andent  religious  rites  are  noted,  which  are  still 
carried  out  by  remote  tribes. 

(3)  I%e  Present  Inhabitants  of  Honduras : — 

(a>  Personal  characteristics, — General  appearance  of  males  and  females ;  height 
and  aevelopment;  mental  development;  mfluence  of  diet  and  environment; 
fiunily  ties  and  indifierenoe  to  death. 

(b)  Language, — Maya  is  practically  universal,  except  amongst  the  Caribs  and  a 
few  isolated  individuals  recently  discovered.  The  author  describes  the  dialects  of 
Maya,  the  variation  in  language  since  the  conquest,  and  the  introduction  into 
Maya  of  Spanish  words. 

(c)  Beligions, — Christianity,  semi-Christianity,  idolatry.  The  author  notes 
the  similarity  of  the  ancient  religion  to  Christianity. 

(d)  Native  arts  and  agriculture, — Spinning,  weaving,  pottery  manufacture, 
black  wax  candles  and  ornaments,  flint  chipping,  mOpa-making,  preparing  com, 
heoequen. 

(e)  The  influence  of  civilisation  has  been  disastrous  from  the  earliest  days ; 
the  reluctance  of  Indians  to  mix  with  whites  or  negroes ;  the  influence  of  alcohol ; 
epidemic  and  other  diseases ;  with  a  civilised  Indian. 


5.  The  Progress  o/Isldm  in  India,^    By  William  Crooks,  B,A, 

This  paper  discusses  the  question  whether  Islam  is  or  is  not  increasing  its 
numbers  in  India.  Various  views  have  been  expressed  on  this  pcnnt.  The  reports 
of  the  recent  and  former  censuses  enable  the  question  to  be  finally  settled.  There 
is  no  doubt  that  in  certain  parts  of  the  country  the  rise  of  Isl&m  in  recent  years  has 
gone  on  at  a  rate  higher  than  that  of  Hinduism. 

'  To  be  published  in  full  in  Joum.  Anthr.  Inst, 
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This  incieaae  can  be  dae  only  to  one  or  both  of  the  following  causes : — 

1.  That  there  has  been  a  considerable  converaion  of  Hindus  to  Islam,  and  tbat 
a  regular  propaganda  has  been  at  work  in  this  direction. 

2.  That  there  are  causes  at  work  among  Muhammad ans  themselves  which  te&d 
to  produce  a  higher  rate  of  fertility  among  them. 

As  to  the  first  suggestion,  there  is  certainly  some  conyersion  of  low-caste 
Hindus  to  Islam,  due  to  the  fact  that  the  convert  acquires  a  higher  social  position, 
and  frees  himself  from  the  degradation  which  inevitably  attaches  to  his  bein^  a 
member  of  a  degraded  caste.  But  the  result  of  recent  inquiries  tends  to  negatin 
the  theory  that  there  is  any  well-defined  missionary  propaganda  at  work  amon; 
the  Indian  Muhammadans.  On  the  other  hand  the  action  of  some  of  the  refc^msd 
sects  which  have  been  produced  among  Muhammadans  in  recent  years  reqnirei 
examination. 

As  to  the  second  suggested  cause  there  is  some  evidence  that  phyaieal  caoM 
tend  to  make  the  Muhammadan  more  fertile  and  more  long-lived  tlian  the  Hinda. 
The  former  have  been  recruited  from  a  more  vigorous  race,  such  as  the  Arab  sod 
the  Central  Indian  tribes.  They  discourage  infant  marriage  and  the  celibacy  of 
widows.  They  permit  a  more  varied  and  invigorating  diet,  particularly  as  regaitii 
the  use  of  meat. 


6.  The  Ethnology  of  Early  Italy  and  its  Linguistic  ReUUions  to  thai  of 
Britain.^     By  Professor  R.  Seymour  CJonway,  LitLD, 

The  general  body  of  scholars  and  historical  students  know  so  little  of  the  scanty 
and  obscure  remains  of  the  Italic  dialects,  that  is,  of  the  languages  akin  to  Latii 
spoken  in  Italy  before  the  extension  of  the  Roman  dominion  over  the  peninsuh, 
that  no  onft  has  yet  felt  surprised  at  their  geographical  distribution.  Yet  a  glancet( 
the  map  of  their  territories  will  show  that  it  demands  explanation.  There  are  practi- 
cally only  three  dialects :  1,  Latinian  {i.e.  Latin  and  Sabine) ;  2,  Oscan ;  3,  Umbro- 
Yolscian,  though  the  distance  between  their  areas  has  deterred  scholars  from  dassii^ 
Umbrian  and  Yolscian  together  in  spite  of  the  complete  identity  of  their  charac- 
teristics in  the  inscriptions.  How  then  did  they  become  geographically  sepaialu, 
and  how  did  Latinian  wedj^  itself  in  between  the  areas  of  so  many  other  idioiDS? 
There  must  be  some  historical  causes  behind  these  curious  phenomena. 

Some  clue  to  the  answer  is  to  be  found  in  a  set  of  facts  not  hitherto  obserrei 
viz.,  the  use  of  difierent  sufixes  by  different  tribes  to  form  their  ethnica,  i.e,  tie 
names  of  communities  derived  from  names  of  places  in  their  respective  district. 

There  are  only  six  or  seven  suffixes  used  for  this  purpose  in  ancient  Italy :  d 
the&e  three  only  (for  various  reasons)  are  significant  for  ethnology — viz.  -CO, 
-NO-,  and  -TI-  (generally  -ATI-). 

i.  The  ethnica  in  -CO-,  like  VoUci,  Hernicif  Otci,  are  all,  save  for  a  smsB 
batch  in  Umbria,  confined  to  the  plam  country  along  the  west  coast,  and  «I1 
occur  in  marshy  districts.  The  wora  Volsci  means  '  marshmen.'  Further,  thfn 
are  some  ethnica  in  -CINI,  i.e,  with  -NO-  superimposed  on  -CO-,  the  result  of  i 
conquest  by  some  -NO-  folk,  all  in  similar  districts.  Since  Etruscan  is  not  is 
Indo-European  speech,  the  names  Etniaci,  Tusci,  FaUsci,  though  denoting 
Etruscans,  must  have  been  made  by  the  -CO-  folk,  who  are  clearly  Indo- 
European.     VoUci  contains  the  same  stem  as  Gr.  Aor,  0(v)8ci  that  of  Lat.  cpu$, 

ii.  The  -NO-  ethnicon  is  extremely  common  throughout  Italy,  but  its  fre- 
quency in  comparison  with  the  others  varies  remarkably  in  the  different  districts ; 
in  that  of  the  Hirpini  they  number^  92  per  cent,  of  the  known  etlmica,  in  Latium 
proper  only  52  per  cent.,  in  Umbria  only  31  per  cent.  If,  then,  as  there  is  reasoa 
to  believe,  this  suffix  marks  a  particular  race  at  a  particular  epoch,  this  race  was 

*  Published  in  f  ullin  RiviHa  d' Italia  (1903,  Agosto)  under  the  title  *  I  due  strati 
della  popolazione  indo-europea  dell'  Italia  antica.* 

'  These  statistics  are  based  on  the  collections  of  the  place-names  of  ancient  Italy, 
given  for  each  of  the  dialectal  areas  in  my  Italic  Dialects  (Camb.  Univ.  Pr^,  1897), 
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probably  most  completely  master  of  the  soil  in  the  Hirpine  district|  and  most 
mingled  with  others  in  UmbriA,  at  that  epoch  or  later. 

Now  it  is  dear  that  this  sufiBx  was  the  one  natural  to  the  Bomans,  who  used 
it  not  merely  in  their  own  names  {Bamani,  Latini,  Sec,),  but  also  to  form  names, 
after  the  Eoman  fashion,  for  the  peoples  they  conquered  in  Italy  or  abroad :  the 
NeoYToXIrtti  became  Neapolitani,  the  STropriaroi  became  Spartam,  and  so  on.  But 
this  suffix  was  not  used  by  Romans  only ;  the  Oampanians  of  Nola  called  them- 
selves Novlanos,  and  in  fact  the  suffix,  as  we  have  seen  in  the  case  of  the  Sirpim, 
was  spr(Mid  over  ihe  whole  area  in  which  the  dialect  called  Oscan  was  spoken,  as 
well  as  being  common  in  the  Latinian  districts. 

iii.  The  suffix  -(A)TI-  is  enormously  more  frequent  in  the  -CO-  districts 
than  elsewhere,  though  not  entirely  confined  to  them.  In  Umbria  it  forms  nearly 
60  per  cent,  of  the  known  ethnica,  and  here  it  has  been  superimposed  upon  -NO-, 
the  Iguvini  becoming  later  on  Iguvinates,  &c.  It  seems  to  mark  the  -00-  people 
at  a  later  epoch. 

Oombining  these  data  with  further  linguistic  evidence,  with  that  of  tradition 
and  of  archseological  excavations,  we  can  demonstrate — 

i.  That  the  -00-  folk  inhabited  Central  Italy  before  the  invasion  of  the 
(Asiatic)  Etruscans  and  became  their  subject-allies.  There  is  evidence  that  they 
were  ignorant  of  iron,  buried  their  dead,  and  differed  in  other  ways  from  the 
-NO-foIk,  e,ff.  by  counting  kinship  through  the  mother  (Professor  Ridgeway). 

ii.  That  the  -NO-  folk  were  descending  into  Italy  from  the  Alps  ( Val  Sabbia) 
when  their  progress  was  interrupted  by  the  Etruscans,  who  with  their  subjects 
cut  off  the  MoTtumi  and  Sabini  from  the  IguvirUj  who  remained  in  the  upper 
Tibeor  valley.  From  the  Sabines  sprang  the  Samnites  at  a  later  date.  It  seems 
certain  that  these  people  brought  iron  into  Italy  and  buried  the  dead,  and  probable 
that  they  formed  tne  patrician  cla.ss  at  Rome. 

Especial  interest  attaches  to  this  distinction  of  two  strata  in  the  early  Indo- 
European  population  of  Italy  because  the  oldest  and  most  striking  linguistic 
change  which  marks  off  the  -CO-  folk  seems  to  be  that  of  Q  to  P  ( Volscian  pis 
m  Latin  quis ').  Now  this  same  change,  as  is  well  known,  separates  the  later  from 
the  earlier  Edtic  dialects  of  the  Bntish  Isles,  Goidelic,  t,e,  Gaelic  and  Irish, 
having  kept  the  original  guttural,  for  which  Brythonic,  i,e.  Welsh,  Breton,  &c., 
substituted  P  (Scotch  Mac  -  Welsh  [M'\Ap),  The  Keltic  lan^ages  are  the  next 
congeners  to  Italic,  and  the  dates  to  which  archadologists  ascribe  the  two  Keltic 
invasions  of  Britain  are  not  remote  from  that  at  which  the  Samnites  overran 
Southern  Italy.  Were  the  movements  the  result  of  some  one  cause  in  Central 
Europe? 

7.  The  Origin  of  Jewellery?    By  Professor  W.  Ridgeway. 

Personal  ornaments  in  civilised  countries  consist  of  precious  metals,  stones,  or 
imitations  of  stones,  pjearls  (which  are  the  product  of  shells),  or  shells  themselves, 
amber,  jet,  and  occasionally  various  other  objects,  such  as  tigers'  claws,  &c.  It 
has  hitherto  been  held  that  men  and  women  were  led  by  purely  aasthetic  con- 
siderations to  adorn  themselves  with  such  objects ;  but  a  little  research  into  the 
history  of  such  ornaments  leads  to  a  very  different  conclusion.  The  fact  is  that  man- 
kind was  led  to  wear  such  objects  by  magic  rather  than  by  assthetic  considerations. 
The  jewellery  of  primitive  peoples  consists  of  small  stones  with  natural  perforations, 
e,g,y  silicified  sponges  or  joints  of  coniferce,  or  of  substances  easily  perforated,  such  as 
amber,  the  seeds  of  plants,  shells,  the  teeth  and  claws  of  animals,  bones,  or  pieces 
of  bone,  and  pieces  of  wood  of  peculiar  kinds.  Later  on  they  learn  to  bore  hard 
stones,  such  as  rock  crystal,  hematite,  agate,  garnet,  &c.,  and  obtain  the  metals. 

»  The  Samnite  change  of  ^  to  ^  appears  to  me  to  have  happened  at  a  recent  date, 
and  under  certain  oonditions  not  to  have  happened  at  all. 
J  To  be  published  in  full  jn  Journ,  Anthr^  Imt.  zx^y^ 
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All  peoples  ytlue  for  migical  porpoeee  small  stones  of  pecalisr  form  or  coloar 
long  before  thej  can  wear  them  as  ornaments ;  e.g,  Australians  and  tribes  of  New 
Guinea  use  crystals  for  rain-making,  although  they  cannot  bore  them,  and  it  ii 
a  powerful  amulet  in  Uganda  fastened  into  leather.  Sorcerers  in  Africa  csrry 
a  small  bag  of  pebbles  as  an  important  part  of  their  equipment.  So  was  it  ra 
Greece.  The  crystal  was  used  to  light  sacrificial  fire,  and  was  so  employed  in  the 
Ohurdi  down  to  the  fifteenth  century.  The  Egrntians  under  the  twelfth  dynasty 
used  it  largely,  piercing  it  along  its  axis  after  ruDDing  off  the  pyramidal  points  of 
the  crystsl,  sometimes  leaving  the  natural  six  sides,  or  else  grinding  it  into  s 
complete  cylinder.  From  this  bead  came  the  artificial  cylindrical  beads  nude  later 
by  tne  Egyptian,  from  which  modem  cylindrical  glass  beads  are  deecended. 

The  beryl,  a  natural  hexagonal  prism,  lent  itself  still  more  readily  to  the  same 
form,  e,g.  the  cylindrical  beryl  beads  found  in  Bhodisn  tombe.  The  Babylouian 
cylinders  found  without  any  enflrraving  on  them  on  the  wrists  of  the  dead  in  early 
Babylonian  grayes  had  a  similar  origin.  It  has  been  uniyeraally  held  that 
Babylonian  cylinders,  Egyptian  scarabs,  and  Mycenean  gems  were  primarilj 
signets ;  but  as  the  cylinders  are  found  unengrayed,  and  as  many  as  500  scarabi 
are  found  on  one  mummy,  and  as  Mycenean  stones  are  often  found  without  any 
•ngraying,  it  is  clear  that  the  primary  use  was  not  for  signets  but  for  amulsti. 
The  Orphic  Lithica  giyes  a  clear  account  of  the  special  yirtue  of  each  stone,  and  it 
is  plain  that  they  acted  chiefly  by  sympathetic  magic ;  e.g.  green  jasper  sod  tree 
agates  make  the  vegetation  grow,  &c.  The  Ghreeks  and  Asiatics  used  stooei 
primarily  as  amulets,  e.g,  Biithridates  had  a  whole  cabinet  of  gems  as  antidotefl  to 
*  poison.  To  enhance  the  natural  power  of  the  stone  a  device  was  cut  on  it,  e^,  tbe 
Abraxas  cut  on  a  green  jasper,  the  special  amulet  of  the  Gnostics.  The  use  of  the 
stone  for  sealing  was  simply  secondary,  and  may  have  arisen  first  for  sacred  purpoieB.' 
Shells  are  worn  as  amulets  by  modem  savages,  s^.  cowries  in  Afri^^,  wheie  these 
or  some  other  kind  of  shells  were  worn  in  Strabo^  time  to  keep  off  the  evil  eye. 

Red  coral  was  a  potent  amulet  worn  by  travellers  by  sea,  as  at  the  present  dtj 
in  Mediterranean  lands,  and  if  pounded  up  it  kept  red  rust  from  com.  Pearls  are 
a  potent  medicine  in  modem  China.  Seeds  of  plants  are  medicine  everywhere; 
for  example,  Uie  ratti  (Abrus  precatoria)  is  used  in  India  for  rosaries,  and  also  in 
Africa;  the  seed  of  wild  banana  is  especially  valued  in  Uganda,  See.  The  dam 
of  lions  are  wom  as  amulets  all  through  Africa,  and  are  '  great  medicine,*  and 
imitations  of  them  are  made.  So  with  teeth  of  jackals,  which  are  imitated  ib 
wood  if  the  real  ones  are  not  to  be  had,  and  boarr  tusks  in  New  Guinea.  Wbeo 
gold  becomes  first  known  it  is  regarded  exactly  like  the  stones  mentioned.  Tbos 
the  Debce,  an  Arab  tribe,  who  did  not  work  gold,  but  had  abundance  in  their 
land,  used  only  the  nuggets,  stringing  them  for  necklaces  alternately  with  perforated 
stones.'  Msgnetic  iron  and  hematite  were  especially  prized,  the  power  of  attradioB 
in  magnetic  iron,  as  in  the  case  of  amber,  causing  a  belief  that  there  was  a  liriiv 
spirit  within.  Hence  iron  in  general  was  regarded  with  peculiar  veneration,  sod 
not  because  it  was  a  newer  metal,  as  is  commonly  stated. 

It  is  thus  clear  that  the  use  of  all  the  objects  still  employed  in  moden 
jewellery  has  primarily  arisen  from  the  magical  powers  attributed  to  them,  h 
which  they  were  thought  to  protect  tbe  wearer. 


TUESDAY,  SEPTEMBER  15. 
The  following  Report  and  Papers  were  read : — 

1.  Beport  of  the  Committee  on  Archceologieal  and  Ethnological  ReeearcJ^ 
in  Crete, — See  Reports,  p.  402. 


Cf.  Herod,  ii.  38.*  «  Strabo.  p.  778, 
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2.  ExcavationB  at  Knoasos  in  Creie,^    By  A.  J.  Evans,  i/.il.,  D.Litt.j  F.RS. 

See  Reports,  p.  402. 


3.  Exploration  in  tlie  East  of  Crete .^     By  R.  C.  Bosanqubt,  M,A. 

The  fourth  Cretan  campaign  of  the  British  School  at  Athens  lasted  from 
March  to  June  1903.  The  headquarters  of  the  expedition  were  again  at  Palaeo- 
kastro  on  the  east  coast.    The  work  done  may  be  summarised  as  follows : — 

1.  The  excavation  of  the  settlement  discovered  last  year  at  Roussolakkos  was 
continued  with  the  help  of  Mr.  M.  N.  Tod  and  Mr.  R.  M.  Dawkins.  It  proves  to 
be  a  considerable  town,  regularly  laid  out  in  streets  and  blocks.  The  streets  are 
narrow,  from  5  to  12  feet  wide,  well  paved,  with  a  raised  footpath  at  one  side  and 
a  deep  gutter  at  the  other.  One  main  street  has  been  cleared  for  over  150  yards. 
Each  block  has  a  frontage  of  from  120  to  180  feet,  and  contains  three  or  more 
houses.  The  general  man  of  the  town  and  parts  of  the  houses  date  from  the 
latter  part  of  the  Kamares  period,  but  there  was  extensive  rebuilding  during  the 
Mycenaean  period.  House-fronts  in  ashlar  masonry,  bath-rooms,  drainage  arrange • 
roents,  and  a  great  variety  of  domestic  utensib,  indicate  widespread  prosperity 
and  comfort.  The  inhabitants  had  wheat  and  peas ;  they  made  oil  and  probably 
wine.  They  imported  obsidian  from  Melos,  green  porphyry  from  the  Peloponnese, 
and  liparite  from  the  Lipari  Islands.  Their  wealth  was  probably  derived  from 
trade  with  Egypt. 

Marine  designs,  such  as  rocks,  corals  and  seaweed,  shells  and  cuttle6sh,  pre- 
dominate on  the  Mycenaean  vases  found  this  year.  The  yield  of  pottery  was 
exceptionally  large ;  Mr.  C.  T.  Currelly  has  made  coloured  drawings  of  the  finer 
specimens. 

2.  The  ossuaries  outside  the  town  were  further  excavated  by  Mr.  W.  L.  H. 
Duckworth,  whose  report  on  the  skulls  and  bones  from  them  was  read  on 
Thursday. 

3.  The  surrounding  region  was  explored.  A  pre-Mycenaean  sanctuary  was 
discovered  on  the  hill  of  Petsof^  above  the  town,  and  remains  of  an  equally  early 
nurnle-factory  on  the  island  of  Koufonisi ;  the  former  will  be  described  by  Mr. 

.  L.  Myres,  the  latter  by  Mr.  Bosanquet ;  Mr.  0.  T.  Currelly  took  part  in  both 
investigations.  Oaves  and  rock-shelters  were  examined  in  the  limestone  plateau 
of  the  interior,  and  a  Mycenaean  farmstead  was  excavated  at  Kouram^no. 

4.  The  physical  characteristics  of  the  present  population  were  studied  by 
Mr.  Duckworth,  and  their  dialect  by  Mr.  Dawkins. 


I 


4.  An  Early  Purpte-JUh&ry}    By  E.  C.  Bosanqurt,  M.A, 

Leuke,  the  '  White  Isle '  (modern  Kouphonisi),  off  the  south-east  coast  of 
Crete,  was  an  important  fishing-station  in  antiquity.  The  tithes  levied  on  the 
catch  of  fish  and  of  purple-shell,  mentioned  in  an  inscription  of  about  360  B.C., 
must  have  been  very  profitable,  for  the  possession  of  the  island  was  the  subject  of 
a  long  and  bitter  dispute  among  three  neighbouring  cities. 

lAst  Iklay  the  island  was  explored  oy  Mr.  C.  T.  Currelly  and  the  writer. 
Among  sand-hills  on  the  north  shore  they  found  a  bank  of  shells,  some  whole  but 
mostly  crushed,  of  the  variety  Murex  truncubis,  which  is  known  to  have  been  used 
in  the  manufacture  of  the  purple  dye.  Scattered  through  the  heap  were  frag- 
ments of  pottery  and  of  a  stratile  bcwl  which  marked  it  as  not  only  prae-Hellenic 
but  prae-Phcenician.  Further  digging  within  a  few  yards  of  the  heap  brought  to 
light  characteristic  Cretan  vases  or  the  KamAres  type  and  the  foundations  of  a  house. 

The  evidence  shows  tbab  the  extraction  of  the  purple-juice  was  practised  in 

»  To  be  published  more  fully  in  the  Annual  of  the  British  Schtol  of  Archttology 
at  Athenf,  ix. 

^^^*  Digitized  by  <^^?)gle 


818  REPORT— 1908. 

Crete  at  least  as  early  afl  1600  b.0.  Hitherto  the  Phoenicians  have  been  credited 
with  the  discovery  of  *  Tyrian  purple.'  It  appears,  however,  that  in  this  matter, 
as  in  the  art  of  writing  and  perhaps  in  other  inventions  attributed  to  the  PhcBoi- 
ciaus  by  Greek  autliors,  the  Minoans  of  Crete  were  the  real  pioneers. 


5.  On  a  pre'Myc&iUPan  Sanchtary  unth  Votive  Terracottas  at  PalaokoitrOj 
in  Eastern  Crete}     By  John  L.  Myrbs,  M,A. 

This  sanctuarv  stands  on  the  summit  of  the  hill  called  Petsof^,  which  bounds 
the  bay  of  Palaeokastro  southward,  and  was  excavated  in  April  1903.  A  masaive 
retaining?  wall  of  large  rudely  shaped  blocks  incloses,  on  south  and  west,  a  roughly 
rectangular  space,  the  northern  face  of  which  is  bounded  by  a  prtHiipitous  descent, 
and  the  eastern  face  by  low  ridges  of  natural  rock. 

Within  the  inclosure  were  found  (from  the  bottom  upwards)  (I)  a  layer  of 
undisturbed  soil  resting  on  the  southward-shelving  rock  surface ;  (2)  a  layer  of 
blackened  ashy  earth,  apparently  the  remains  of  a  large  hearth  or  bonfire,  full 
of  whole  and  broken  terracotta  figurines,  with  painting  of  the  Minoan  (pre- 
Mycentean)  technique;  (3)  a  layer  of  disturbed  soil  obliterating  the  ashykyer 
and  containing  fragments  of  its  figurines  ;  (4)  over  all  a  rubble  building  of  early 
Myceniean  date,  like  those  of  the  settlement-site  at  Palteokastro,'  one  room  oH 
which  still  retained  its  plastered  and  whitewashed  floor,  with  a  plastered  bench 
round  three  sides,  and  the  remains  of  a  door.  A  column-base  from  an  earlier 
building  was  found  built  into  its  foundations. 

The  terracottas  include  figures  of  men  and  women  in  characteristic  pre- 
Mycenaean  costume,  analogous  to  that  shown  on  the  frescoes  at  Knossos,  and 
completed  in  the  case  of  tne  women  by  gigantic  and  very  stylish  hats;  a  quite 
new  feature.  Other  terracottas  represented  miniature  oxen,  rams,  goats,  pi^rs, 
dogs,  weasels,  hedgehogs,  birds,  chairs,  miniature  vases,  and  other  objects  of  daily 
use,  together  with  the  horns  and  legs  of  a  larger  series  of  oxen,  the  bodies  of 
which  appear  to  have  been  completely  cleared  away  from  the  ash-heap  from  time 
to  time.  A  verv  large  number  of  ouite  plain  clay  balls,  of  about  the  size  of  a 
marble,  seem  to  be  votive  like  the  other  offerings,  but  are  not  so  easily  explained; 
they  may,  however,  represent  occasions  of  prayer  or  thanksgiving  which  de6ed 
the  ingenuity  of  the  modeller. 


6.  The  Temples  of  AhydosJ^ 
By  Professor  W.  M.  Flinders  Petrie,  D.C.L.,  LL,D,y  F,K,S. 

After  Mariette  had  worked  on  the  ground  of  the  Osiris  temple  at  Abydos  be 
declared  that  nothing  remained  of  the  old  temple,  that  even  the  foundations  had 
been  destroyed  to  the  roots,  and  that  any  further  research  was  impossible.  From 
that  very  ground,  the  work  of  the  past  winter  has  produced  foundations  of  ten 
successive  periods  of  the  temple,  one  below  the  other,  occupying  nearly  20  feet 
depth  of  soil.  The  examination  and  recording  of  these  buildings  has  required  over 
four  thousand  measurements  and  one  thousand  levellinsrs.  The  highest  temple 
was  of  Amasis  (XXVI.  dynasty),  then  Rameses  III.  (XX.  dynasty),  tbea  Amen- 
hotep  III.,  Thothmes  III.,  and  Amenhotep  I.  (XVIII.  dynasty);  thefi  Sebek- 
hotep  III.  and  Usertesen  I.  (XIII.-XIl.  dynasty),  then  Sankhkara  {XI.  dynasty), 
then  Mentuhotep  III.  (XI.  dynasty),  then  Pepy  (VI.  dynasty),  then  the  temple  of 
the  fourth  dynasty,  below  that  of  the  second,  and  at  the  base  of  all  the  okiest 
temple  of  the  first  dynasty.  Thus  the  site  was  continually  re-used  during  foor 
thousand  years,  each  of  these  periods  of  building  followed  entirely  different  lines, 
and  the  successive  plans  had  scarcely  any  relation  one  to  another. 

^  To  be  published  in  full  in  Ann.  Brit.  School.  Athens^  ix. 
«  E.g.,  Ann.  Brit.  School.  Athdnt,  vol.  viii.  p.  311,  fig.  24. 
*  Pablished  in  full  in  the  authoi*s  Abydot,  I.,  II.  (Egypt  Exploration  Fund). 
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Hie  principal  results  are  in  the  first  dynasty.  The  school  of  ^ne  ivory  carving 
at  that  time  shows  work  equal  to  any  that  succeeded  it  in  later  history.  The 
appreciation  of  form,  the  delicacy  of  the  muscular  curves,  and  the  power  of  ez*- 
priission  is  as  good  as  in  the  hest  classical  or  renaissance  carvings.  The  art  of 
glazing  was  applied  to  large  wall-tiles,  used  for  covering  hrick  walk,  and  to  vases, 
as  shown  by  part  of  a  large  vase  with  the  name  c^  Menes.  The  use  of  two-colour 
glazes,  a  purple  inlay  in  green,  appears  in  the  name  of  Menes.  Hence  glazing  was 
as  advanced  at  the  beginning  of  the  first  dynasty,  iU>ont  4700  B.C.,  as  it  was  for 
three  thousand  years  later,  until  the  polychrome  glazes  of  the  eighteenth  d3masty. 

The  European  relations  of  Egypt  are  further  illustrated  by  finding  the  same 
black  pottery  in  the  first  dynasty  that  is  known  in  Orete  as  late  neolithic.  The 
camel  is  shown  in  the  first  dynasty  by  a  well-modelled  head ;  liitherto  it  was  not 
proved  to  have  been  in  Egypt  till  about  four  thousand  years  later. 

In  the  well-known  age  of  the  fourth  dynasty  we  have  for  the  first  time  the 
portrait  of  the  best  known  of  all  the  kings,  Oheops  or  Khufu,  whose  appearance, 
however,  was  as  yet  quite  unknown.  A  minutely  carved  ivory  figuie,  the  face 
of  which  is  only  ^  inch  high,  shows  his  character  in  an  astonishing  manner.  The 
energy,  decision,  and  driving  power  is  perhaps  stronger  than  in  an^  other  portrait 
that  we  know.  The  tradition  of  his  dosing  the  temples  and  forbidding  sacrifices 
is  fully  confirmed  by  finding  that  no  large  temple  existed  in  the  fourm  dynasty, 
such  as  those  of  the  earlier  or  later  times ;  only  a  bed  of  vegetable  ashes  is  found 
in  a  cell,  and  throughout  it  hundreds  of  clhjjiotilia  as  su£titutee  for  sacrifices, 
not  a  single  bone  of  an  animal  occurring  in  the  whole  mass. 

The  worship  in  the  temple  of  Abydos  was  originally  that  of  the  jackal  god 
Up-uatu,  '  the  opener  of  ways,'  who  showed  the  paths  m  the  desert  for  the  souls 
to  go  to  the  west.  Osiris  does  not  appear  in  any  temple  inscription  for  two  thou- 
sand years,  and  is  not  prominent  till  yet  later.  Some  large  decrees  of  the  fifth  and 
sixth  dynasties  were  found ;  and  the  oldest  piece  of  certainly  dated  iron,  apparently 
a  wedge,  of  the  sixth  dynasty,  about  3400  b.o.  This  site  has  fully  shown  how 
important  it  is  to  dissect  minutely  a  temple  site  in  whidi  only  earth  remains,  and 
where  at  first  the  absence  of  stone  walls  might  lead  to  the  idea  that  nothing  was 
left  there ;  the  art  of  the  beginning  of  the  %yptian  monarchy  lay  hidden  in  that 
ground. 

7.  The  Beginning  of  the  Egyptian  Kingdom, 
By  Professor  W.  M.  Flinders  Petbib,  2).C.Z.,  LL.D.,  F.E.S. 

For  generations  past  the  origins  of  Egyptian  civilisation  had  been  a  mystery ; 
the  earliest  period  there  known,  the  pyramid  times,  showed  a  very  high  civilisa- 
tion, and  its  rise  was  entirely  unJcnown.  In  the  past  ten  yeara  most  of  the  stages 
which  led  from  a  savsge  state  up  to  the  highest  development  have  been  brought 
to  light.  The  discovery  of  the  prehistoric  age  and  its  division  into  regular 
sequences  of  remains  has  filled  up  a  period  of  over  two  thousand  years,  which — 
beginning  with  men  in  goatskins  with  the  simplest  pottery— ran  through  a  wealthy 
and  elaborate  i^e  of  civilisation,  and  wss  in  decadence  when  it  was  overthrown 
by  the  dynastic  Egyptians.  Of  the  five  different  types  of  man  before  the  dynasties, 
portraits  of  which  were  published  two  years  ago,  the  fifth  type,  with  the  forw^d 
beard,  is  from  the  monuments  shown  to  be  Libyan,  and  thus  easily  connected 
witli  the  same  tvpe  in  early  Greece. 

The  rise  of  tbe  dynastic  power  has  been  brought  to  light  in  the  remains  of  the 
royal  tombs  of  the  first  and  second  dynasties,  and  some  probably  before  the  first 
dynasty,  excavated  at  Abydos  in  ]  900  and  1 901.  'fhe  connection  of  the  close  of  the 
prehistoric  scale  of  sequence  with  the  early  kings  has  been  closely  settled  by  the 
pottery,  and  its  history  shown  in  the  stratified  ruins  of  the  earliest  town  of 
Abydos ;  so  that  we  pass  without  a  break  from  the  sequence  dates  of  the  pre- 
historic age  to  the  historic  reigns  of  the  kings.  Four  Kings'  names  are  found 
which,  from  the  nature  of  their  remains  and  their  tombs,  appear  to  belong  to  the 
dynasty  of  ten  kings  which  preceded  Menes,  the  first  king  of  all  Egypt. 
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Of  the  firat  dynasty  all  the  eifi^t  kinge  h&ve  been  identified ;  tb^  toab, 
vaaes,  tealings,  and  oificials  are  all  now  familiar  to  ub,  and  'wb  can  tnee  tbe 
ffradual  changes  between  one  reign  and  another  ae  dearly  aa  we  can  doling  tk» 
laet  century  or  two.  The  growth  of  the  use  of  writing  can  be  ^rell  seen  on  tk 
seals,  the  impressions  of  over  two  hundred  of  which  haTe  been  collected.  At  fas, 
only  a  single  sign  for  a  proper  name  of  a  Mng ;  then  a  more  complex  name ;  tki 
the  vizier  named  with  tne  Idng ;  next  the  titles  of  Tarious  oflSciala ;  and  ia  tk 
end  of  the  second  dynasty  fall  names  and  titles  in  a  style  as  complete  as  ii  laj 
later  age.    The  art  of  the  dynastic  people  was  entirely  difiermt  ntMO  any  ot  t» 

Erehistoric  age,  though  it  united  with  it  and  took  over  some  leatnres  of  ii 
Iroadly,  the  pre-dynastic  people  were  mechanical,  and  the  djoasUe  laee  mu 
artistic ;  and  even  in  the  earliest  works  of  the  kings  there  is  an  ability  of  the  W 
style,  though  still  archaic.  By  the  end  of  the  reign  of  Meoes  and  under  his  ■^ 
cesser  the  artistic  types  had  become  fairly  fixed,  and  they  remained  tbe  pattew 
to  which  the  Egvptian  recurred  at  each  successive  renewal  of  art  dnrii^  fee 
thousand  years.  T\ie  most  completed  sta^  was  in  the  middle  of  the  first  dvBMtr. 
and  at  its  dose  there  is  certain  degradation.  The  state  of  art  between  tae  im 
and  the  fourth  dynasties  is  not  yet  dear ;  it  seems  to  have  become  coovestionl 
and  probably  devitalised  until  it  made  a  fresh  start  with  the  great  expaanoa  d 
activity  under  the  pyramid  builders.  The  rpyal  tombs  of  the  earir  kin^  wr 
enlarged  forms  of  the  prehistoric  graves.  A  pit  in  the  ground  had  dmiBf  tk 
prehistoric  a^  been  improved  on  by  making  it  a  large  chamber  lined  with  waU, 
roofed  with  timber  and  orushwood,  and  furnished  with  an  abundance  nf  vasei  mi 
objects.  The  earliest  royal  tombs  are  much  tbe  same,  only  lined  and  floored  wki 
timber,  the  offerings  being  dropped  in  between  tbe  timber  lininir  ^nd  the  adecf 
the  pit.  Then  regular  cells  were  built  for  the  otferings ;  next,  a  row  of  Mil 
chambers  apart  from  the  tomb ;  and  lastly,  an  daborate  series  of  atoie  diaBiba<i 
of  various  sizes.  The  tomb  originally  had  no  entrance ;  then  a  sloping  hole  letdi 
to  it,  next  a  stairway,  and  lastly  a  long  sloping  passage  as  in  tbe  pyramids.  Ik 
outer  form  was  at  first  a  slightly  raised  heap  over  the  roof  of  tbe  tomb.  Thid  vh 
next  walled  round  to  retain  the  earth ;  after  that  the  walling  was  raised  mi 
formed  a  block  of  brickwork  with  sloping  sides  on  the  early  bride  nuutaim,  Tkii 
later  became  expanded  by  additions  around  it  and  extension  upward,  so  aa  to  ki 
mass  of  concentric  coats ;  and  when  translated  into  stone  at  the  end  of  tiie  tkiW 
dynasty  it  suggested  pyramidal  outline,  and  so  originated  the  pyramid  type. 

For  the  first  time  we  can  now  see  what  was  going  on  in  each  ironeratioD  orw 
a  period  of  nine  or  ten  thousand  years ;  a  few  dark  times  still  need  the  filliofr  ii 
of  details,  but  the  general  course  of  man's  development  and  abilitiea  can  nov  k 
understood  with  a  completeness  which  gives  a  solid  basis  for  some  general  Ti««^ 
ArduBology  and  history,  the  scientific  ^owledge  of  the  past  of  man,  gives  as  tk 
surest  comparisons  for  estimating  his  future. 


WEDNESDAY,  SEPTEMBER  16. 
The  following  Papers  were  read : — 

1,  On  the  Oeeurrenee  of  Stone  Implementa  in  the  Thames  Valley  heheem 
Beading  and  MaicUmhead.^    By  Ll.  Trbacheb. 


2.  The  Bapid  Evolution  of  the  Jamaica  BlaeL 

By  Miss  PULLEN-BURBY. 

This  paper  deals  with  the  fusion  of  radal  elements  in  the  black  and  colooni 
peoples  of  Jamaica,  and  their  present  dvilisation  in  so  &r  as  the  safety  of  fife  and 
the  security  of  property  are  concerned.    A  unique  feature  in  this  island  appean 

I  See  Proceedings  of  Section  C.  p.  670.    Published  in  full  in  Msm^  1904,  la 

Digitized  by  CjOOQIC 


TRANSACTIONS  OF  SECTION  H.  821 

to  he  the  moulding  of  an  African  people  (all  trace  of  the  aboriginal  Arawak  and 
Spaniard  being  completely  lost  in  the  all -prevailing  negroid  type)  by  English  and 
Scotch  life  and  thought,  no  other  influence  having  come  in  contact  -with  the  race. 
Here,  too,  it  appears  possible  to  have  one  civilisation  alike  for  black,  coloured, 
and  white,  which  is  not  the  case  in  America.  The  reasons  given  for  this  rapid 
evolutionary  development  since  the  emancipation  of  tlie  slaves  in  1834-38  are  *. 
(1)  the  security  of  a  solid  government;  (2)  widespread  education  afibrded  by 
757  schools;  (3)  an  active  religious  propaganda  rapidly  suppressing  Obeohism; 
(4)  easy  conditions  of  life :  the  scant  neecCs  of  the  ne^  are  easily  met ;  (5)  state- 
aided  settlement  of  lands  on  deferred  payments,  which  is  establishing  a  growing 
class  of  peasant-proprietors. 


3.  Mongoloid  Europeans.    By  David  MacEitchik. 

A  careful  consideration  of  the  relics  of  the  Cave-men  of  Europe  has  led 
Professor  Boyd  Dawkins  to  the  conclusion  that  the  Eskimos  of  the  present  day 
are  almost  certainly  their  representatives,  and  that  the  connection  between  these 
two  peoples  must  be  one  of  blood.  He  does  not  ignore  the  possibility  of  descend- 
ants of  the  Cave-men  having  survived  into  historic  times  in  Europe ;  but  he  is  of 
opinion  that  the  Eskimo  type  has  long  been  extinct  in  Europe. 

Here  he  is  at  variance  with  the  deductions  of  Dr.  Beddoe,  made  after  an 
analysis  of  the  race-elements  in  modem  Britain,  to  the  effect  that  *  some  reason  can 
be  shown  for  suspecting  the  existence  of  traces  of  some  Mongoloid  race  in  the 
modem  population  of  Wales  and  the  west  of  England.' 

While  stating  his  belief  that  the  Cave-men  of  Eurasia  were  driven  eastward 
into  North  America,  where  their  descendants  now  exist  as  Eskimos,  I^ofeesor 
Boyd  Dawkins  points  out  that  North-eastera  Siberia  yet  retains  an  Eskimo 
population— the  Chukches.  Martini^re,  however,  reports  in  the  Yalmal  peninsula, 
in  1653,  a  people  closely  resembling  modem  Eskimos  in  physical  appearance,  in 
dress  and  manners,  and,  above  all,  m  their  use  of  the  peculiar  skin-covered  skiff 
generally  known  as  a  km/ak.  These  skin-canoes  are  not  reported  in  Arctic 
Europe  during  the  last  few  centuries ;  but  they  are  said  to  ha^'e  neen  used  in  the 
Orkney  Islands  by  a  race  of  occasional  visitors,  locall^r  called  'Finnmen,'  between 
the  years  1682  and  1701.  The  minute  accounts  given  of  the  canoes  of  these 
Finnmen  leave  no  doubt  that  they  were  kayaks.  One  of  them  was  preserved  in 
the  Church  of  Burra,  Orkney,  for  a  time ;  and  another  in  the  Physicians'  Hall, 
Edinburgh.  Popular  tradition  in  Orkney  and  Shetland  contains  many  references 
to  these  *  Finnmen '  or  '  flnns,'  who  are  said  to  have  frequently  intermarried  with 
the  islanders.  These  islanders  are  mainly  Norsemen,  and  in  the  Norse  lan^age 
'  Finn '  signified  '  Lapp.'  The  historical  statements  and  the  traditions  rektmg  to 
*  flnns '  denote  really,  therefore,  an  intercourse  and  a  partial  fusion  between  the 
islanders  and  a  Lapp  people  accustomed,  like  modem  Eskimos,  to  the  use  of  the 
kayak  and  all  that  that  implies.  Such  a  fusion  would  readily  explain  the  Mongol- 
Old  features  seen  in  certain  Shetlanders  by  Dr.  Beddoe. 

It  is  noteworthy  that  the  territory  occupied  by  the  Lapps  in  the  ninth  century 
included  the  greater  part  of  Scandinavia,  and  straggling  remnants  of  that  popu- 
lation may  have  survived  for  many  centuries  in  Southern  Scandinavia.  Martmi^re 
even  speaks  of  a  Lapp  village  near  CbrisUania  in  1653. 

There  seems  to  be  no  trace  of  the  use  of  the  skin  canoe  among  modem  Lapps, 
but  von  Diiben  states  that  the  mountain  Lapps  assert  that  their  remote  forefathers, 
who  came  from  the  south-east  of  Europe,  cro^iaed  the  sound  which  separatee 
Denmark  from  Sweden  in  small  skin>boats. 

If  this  tradition  be  accepted  as  accurate,  it  is  reasonable  to  suppose  that 
remnants  of  the  Lapps  who  were  able  to  prolong  their  existence  among  the  fiords, 
long  after  the  days  of  '  Norse '  invasion  from  the  Continent,  would  at  the  same 
time  continue  to  use  the  skin  canoes  of  their  race,  and  this  long  after  the  inland 
Lapps  had  ceased  to  know  anything  of  such  vessels,  except  from  tradition.  This 
hypothesis  would  readily  account  for  the  existence  of  coa6t*dwelling  Lap 
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crossed  from  Soandinaria  to  Orknej  and  Shetland  in  their  kayaks  is  red^tly  as 
the  serentoenth  centorT'. 

This  conclusion  supports  Dr.  Beddoe's  belief  that  there  is  a  Mon^loid  element 
among  western  Enropeana.  If  the  Mongoloid  people  assumed  bj  Professor  Boyd 
Dawkins  to  have  existed  in  Western  Europe  in  primitive  times  really  died  out,  it 
seems  necessary  to  suppose  that  there  was  a  fresh  Mongoloid  immigration  at  a 
much  later  date,  e.p,  the  Uun  conquests  of  the  fifth  century.  But  there  appears 
to  be  ample  evidence  that  Europe  contained  a  truly  Monffoloid  population  long 
before  the  era  of  Hun  domination,  and  even  that  the  European  CaTe-men  have 
never  ceased  to  be  represented  by  people  who  have  inherited  their  blood. 


4.  Sonie  Points  about  Crosses^  chiefly  Celtic^     By  Miss  A.  A.  Bullet. 

The  paper  deals  with  certain  details  only,  and  has  nothing  to  do  with  the 
general  question  of  origin.  In  considering  the  form  of  the  crosses,  however, 
regard  is  had  to  the  feeling  underlying  the  treatment,  so  far  as  this  can  be 
gathered  from  a  general  survey  of  the  examples.  Argument  from /orm  alone  is 
necessarily  imperfect,  and  may  be  fallacious,  though  it  may  suggest  lines  of 
investigation.    In  default  of  historic  data,  however,  it  is  the  only  method  pofieible. 

1.  Celtic  crosses, — From  a  survey  of  examples  from  Cornwall,  Wales,  tJie  Isle 
of  Man,  Scotland,  and  Ireland  the  author  infers  that  in  Celtic  crosses — (i.)  the 
circle  (whatever  its  meaning  and  however  related  eventuallv  to  the  ends  of  the 
arms)  is  not  a  mere  adjunct  (such  as  a  glory,  or  a  support  for  the  arms),  but  is 
of  at  least  equal  importance  with  the  cross.  The  persistence  of  such  a  form 
without  meaning  points  to  an  earlier  period  when  the  form  represented  an  idea  of 
primary  importance.  The  circle  is  therefore  inferred  to  be  here  a  root-idea, 
(ii.)  The  long^diafted  or  Latin  type  appears  to  be  an  independent  development 
from  the  cross-with-circle-and -equal-arms.  The  author  does  not  attempt  to  decide 
whether  or  no  this  development  was  influenced  by  the  introduction  of  the  pure 
'  Latin  cross '  from  outside. 

2.  Non-Celtic  crosses,  on  the  other  hand,  exhibit  lesser  importance  and  weaker 
treatment  of  the  cirde,  e^, : — 

(a)  Coptic  crosses,  though  often  inclosed  in  a  wreath,  are  often  without. 
Later,  the  ankh  symbol  is  confused  with  the  cross. 

(h)  Roman  (catacomb)  crosses  in  their  earliest  form  are  equil-armed,  but 
the  circle  is  optional.  The  long-shafted  or  '  Latin '  form  is  later,  and  possibly 
developed  (in  Italy)  from  processional  use.  The  treatment  also  of  these  enrly 
crosses  is  not  realistic  but  symholic ;  whereas  the  course  of  developm^it  is  neveV 
from  symbolic  to  realistic,  but  the  reverse. 

(c)  Syrian  crosses  resemble  catacomb-crosses,  but  are  even  more  decoratire  in 
treatment.  The  extant  examples,  however,  are  chiefly  architectural  ornaments, 
which  may  account  for  this.    The  circle  is  optional. 


6.  Some  Suggestions  as  to  the  Origin  of  the  Broochy  and  the  probable  Use  of 
certain  Rings  at  present  caUed  *  Amdets.^    By  Edward  Lovett. 

The  author  suggests,  as  the  prototype  of  the  ring-and-pin  contrivance  for 
iJAstening  a  cloak,  tlie  use,  by  a  hunting  people,  of  the  mammahan  Os  ismominaium 
and  Os  oaldsy  the  comers  of  the  cloak  being  drawn  through  the  oval  perforation 
of  the  former  and  then  pierced  by  the  sharp  point  of  the  latter.  In  this  position 
the  prominences  on  the  Os  calcis  would  drop  into  the  hollow  of  the  Os  itmomina- 
turn  and  prevent  the  Os  calcis  from  falling  out  of  place. 

The  author  notes,  further,  that  very  many  rin|^  of  early  date  and  various 
materials — bone,  jet,  shell,  bronze,  and  iron — which  are  usually  described  as 
*  armlets  *  are  of  too  small  diameter  to  allow  the  entrance  even  of  an  infant's  hand. 
As  sudi  rings  are  frequently  found  associated  with  pins  oLsimpar  materials, 
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commonly  regarded  as  *  hair-pins/  and  as  ring  and  pin  are  sometimes  found  in 
situ  on  the  hreast  of  a  skeleton,  it  is  inferred  that  they  represent  a  simple  ring- 
and-pin  fastening  of  the  kind  described  above.  An  apron-fastener  of  this  type, 
composed  of  an  iron  ring  and  a  horse-shoe  nail,  is  still  worn  in  some  of  the  black- 
smiths* shops  in  Scotland. 

The  next  step  of  development  is  taken  when  the  pin  is  perforated  at  the  thick 
end  and  attached  to  the  ring  by  a  fibre  to  prevent  it  from  being  lost.  This  sta^ 
is  actually  represented  by  a  ring-and-pin  fastening  which  is  in  common  use  in 
China :  the  ring  is  of  agate,  and  the  pin,  which  b  of  silver,  is  attached  to  it  by  a 
silken  thread.  Probably  many  of  the  perforated  pins  in  our  museums  were  simi- 
larly attached  to  rings. 

An  apron-fastener  of  the  simple  ring-and-pin  type,  composed  of  an  iron  ring 
and  a  horse-shoe  nail,  is  still  worn  in  some  of  the  blacksmiths*  shops  in  Scotland ; 
a  similar  simple  brooch  is  still  worn  by  the  shepherds  of  Perthshire  and  by  the 
tinkers  in  this  and  other  parts  of  Scotland ;  and  another  similar  form  was  in  very 
common  use  in  Donegal  as  late  as  1860. 

A  further  step  is  taken  when  the  pin  itself  is  hinged  upon  the  ring,  for  security, 
by  bending  its  flattened  head  round  the  ring.  This  form  is  abundant  in  Celtic 
times.  The  Tara  brooch  is  a  striking  example,  though  the  author  suggests  that  it 
may  be  a  symbolic  reversion  to  an  earlier  type. 

The  inconvenience  which  accompanies  the  use  of  the  ring-and-pin  brooch,  that 
the  fabric  to  be  fastened  must  be  drawn  far  through  the  ring  before  the  pin  can 
pierce  it,  was  remedied,  it  is  suggested,  by  leaving  a  gap  in  the  ring ;  and  from 
this  results  the  '  penannular '  brooch  with  its  many  varieties. 


On  the  Ethnology  of  the  Siciutl  Indians  o/  British  Columbia,^ 
By  C.  Hill  Tout. 


7.  On  the  Canadian  Indians  as  they  are.     By  David  Boyle. ^ 


On  the  Legends  of  the  Dieri  and  Kindred  Tribes  of  Australia,^ 
By  A.  W.  HowiTT  one?  Otto  Sibb^irt* 


0.  A  West  Indian  Aboriginal  Wooden  Image.    By  J.  B.  DuEftDBlf,  Ph.D. 

This  figure  represents  one  of  the  most  characteristic  ^rpes  of  West  Indian 
wooden  images,  several  of  which  are  now  known  from  di^^nt  islands.  They 
have  been  found  mostly  in  caves,  and  historic  references  to  such  objects  of  worship 
or  %cmes  in  Columbian  times  are  available.  The  present  example  represents  a 
single  crouching  human  figure,  terminated  abotre  by  a  large  circular  canopy  and 
reetinff  upon  an  irregular  wooden  base.  The  face  is  very  large ;  the  ears  are  indi- 
cated by  an  upper  smaller  and  a  lower  larger  lobe,  both  perforated.  The  eye  and 
mouth  apertures  are  formed  in  the  usual  rounded  manner,  with  thickened  margins. 
The  arms  and  legs  are  constricted,  as  by  the  wearing  of  eircnlar  bands ;  small 
mammae,  ribs,  and  a  large  erect  virile- organ  are  indicated. 


10.  On  a  Model  of  Uie  Arbor  Low  Stogie  Circle,     By  H.  Balfour,  M,A. 
*  To  be  published  in  full  in  Joum.  Anthr.  Inst,  xxxiv. 
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Section  K.— BOTANY. 
Prbsidbnt  op  the  Section. — A.  C.  Seward,  M.A.,  F.R.S. 


THURSDAY,  SEPTEMBER  10. 

The  President  delivered  the  folio wiag  Addrees : — 

l!X  1B83,  the  date  of  the  last  meeting  held  bj  the  British  Association  at  Southport, 
the  late  Professor  Williamson,  of  Manchester,  delirered  a  Presidential  Address 
before  the  Geological  Section,  in  which  he  reviewed  recent  progress  in  palseobotanical 
research,  with  special  reference  to  the  vegetation  of  the  Goal  period.  It  would 
have  been  an  interesting  task  to  traverse  the  same  ground  to-day,  in  order  to  show 
what  a  vast  superstructure  has  been  built  on  the  foundations  which  Williamson 
laid.  In  alluding  to  the  controversies  in  which  he  bore  so  vigorous  a  part, 
W^iUiamson  spoke  of  the  conflict  as  virtually  over,  though  still  reflected  '  in  tlie 
ground-swell  of  a  stormy  past.*  Now  that  twenty  years  have  elapsed  we  are  able 
to  recognise  with  no  little  satisfaction  that  his  views  are  firmly  established,  and 
that  the  debt  which  we  owe  to  his  able  interpretation  of  the  relics  of  Palieoxoic 
plant-life  is  universally  acknowledflred.  Williamson's  labours  demonstrated  the 
possibilities  of  microscopical  methods  in  the  investigation  of  Garboniferous  plants ; 
out  at  the  time  of  publication  his  results  did  not  receive  that  attention  which 
their  importance  merited,  and  it  is  only  in  recent  years  that  botanists  have  been 
induced  to  admit  the  necessitv  of  extending  their  observations  to  the  buried 
treasures  of  bygone  ages.  We  have  been  slow  to  realise  the  truth  of  the  following 
statement,  which  I  quote  from  an  able  article  on  Darwinism  in  the  '  Edinborgh 
Review  *  for  October  of  last  year :  *  The  recognition  of  the  fact  that  in  every 
detail  the  present  is  built  on  the  past  has  invested  the  latter  with  a  new  title  to 
respect,  and  given  a  fresh  impulse  to  the  study  of  its  history.'  The  anatomical 
investigation  of  extinct  types  of  vegetation  has  done  more  than  any  other  branch 
of  botanical  science  in  guiding  us  along  the  paths  of  plant-evolution  daring  the 
earlier  periods  of  the  earth's  history. 

I  cannot  conclude  this  brief  reference  to  Williamson's  work  without  an 
expression  of  gratitude  for  the  help  and  encouragement  with  whk^  he  initiate 
me  into  the  methods  of  palceobotanical  research. 

Floras  op  the  Past:  tubir  Composition  and  Distribution. 

Introduction, 

It  is  by  no  means  easy  to  make  choice  of  a  subject  for  a  presideotial  address. 
There  is  the  possibility — theoretical  rather  than  actual — of  a  retrospective  survey 
of  modern  developments  in  the  botanical  world,  and  the  opportunity  is  a  favour- 
able one  for  passing  in  review  recent  progress  in  that  department  of  the  science 
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which  appeals  more  especially  to  oueself.  In  place  of  adoptinpr  either  of  these 
albernativeSy  I  decided  to  deal  iu  some  detail  with  a  suhject  which,  it  must  be 
frankly  admitted,  is  too  exteDsiye  to  be  adequately  presented  in  a  single  address. 
My  aim  is  to  put  before  you  one  aspect  of  paleeobotany  which  has  not  received 
its  due  share  of  attention :  I  mean  the  geographical  distribution  of  the  floras  of 
the  past.  In  grappling  with  this  subject  one  lays  oneself  open  to  the  charge  of 
attempting  the  impossible — a  not  unusual  characteristic  of  British  Association 
addresses.  I  recognise  the  futility  of  expecting  conclusions  of  fundamental 
importance  from  such  an  incomplete  examination  of  the  available  evidence  as  I 
have  been  able  to  undertake;  but  a  hasty  sketch  may  serve  to  indicate  the 
impressions  likely  to  be  conveyed  by  a  more  elaborate  picture. 

One  difficulty  that  meets  us  at  the  outset  in  approaching  the  study  of  plant 
distribution  is  that  of  svnonomy.  *  The  naturalist/  as  Sir  Joseph  Hooker  wrote 
in  his  *  Introductory  Essay  to  the  Flora  of  New  Zealand/  '  hos  to  seek  truth 
amid  errors  of  observation  and  judgment  and  the  resulting  chaos  of  synonymy 
which  has  been  accumulated  by  thoughtless  aspirants  to  the  questionable  honour 
(tf  being  the  first  to  name  a  species.'  Endlera  confusion  is  caused  by  the  use  of 
difierent  generic  and  specific  names  for  plants  that  are  in  all  probability  identical, 
or  at  least  very  closely  allied.  Worthless  fossHs  are  frequently  designated  by  a 
generic  and  specific  title :  an  author  lightly  selects  a  new  name  for  a  miserable 
fragment  of  a  fossil  fern-frond  without  pausing  to  consider  whether  his  record  is 
worthy  of  acceptance  at  the  hands  of  the  botanical  palseographer. 

An  enthusiastic  specialist  is  apt  to  exaggerate  the  value  of  his  material,  and 
to  forget  that  lists  of  plants  should  be  based  on  evidence  that  can  be  used  with 
confidence  in  investigations  involving  a  comparative  treatment  of  the  floras  of  the 
world.  As  Darwin  said  in  the  *  Origin  of  Species ' :  '  It  is  notorious  on  what 
excessively  slight  differences  many  palaeontologists  have  founded  their  species ; 
and  they  do  this  the  more  readily  if  the  specimens  come  from  different  sulAstageo 
of  the  same  formation.'  It  would  occupy  too  much  time  to  refer  to  the  various 
dangers  that  beset  the  path  of  the  trustful  student,  who  makes  use  of  published 
lists  of  local  floras  in  generalising  on  questions  of  geographical  distribution  during 
the  different  eras  of  the  past.  Such  practices  as  the  naming  of  undeterminable 
fragments  of  leaves  or  twigs,  the  frequent  use  of  recent  generic  names  for  fossil 
specimens  that  aflbrd  no  trustworthy  clue  as  to  aflinitj',  belong  to  the  class  of 
offences  that  might  be  easily  guarded  against ;  there  are,  however,  other  obstacles 
that  we  cannot  expect  to  remove,  but  which  we  can  take  pains  to  avoid.  An 
author  in  naming  a  fossil  plant  may  select  one  of  several  generic  names,  any  of 
which  might  be  used  with  equal  propriety ;  individual  preferences  assert  them- 
selves above  considerations  as  to  the  importance  of  a  uniform  nomenclature.  The 
personal  element  often  plays  too  prominent  a  part.  To  quote  a  sentence  from  a 
non-scientific  writer :  *  The  child  looks  straight  upon  Nature  as  she  is,  while  a 
man  sees  her  reflected  in  a  mirror,  and  his  own  figure  can  hardly  help  coming  into 
the  foreground.' 

In  endeavouring  to  take  a  comprehensive  survey  of  the  records  of  plant-life, 
we  should  aim  at  a  wider  view  of  the  limits  of  species  and  look  for  evidence  of 
close  relationship  rather  than  for  slight  differences,  which  might  justify  the 
adoption  of  a  distinctive  name.  Our  object,  in  short,  is  not  only  to  reduce  to  a 
common  language  the  diverse  designations  founded  on  personal  idiosyncrasies,  but 
to  group  closely  allied  forms  under  one  central  type.  We  must  boldly  class 
together  plants  that  we  believe  to  be  nearly  allied,  and  resist  the  undue  influence 
of  considerations  based  on  supposed  specific  distinctions. 

The  imperfection  of  the  Geological  record  was  spoken  of  by  one  of  England's 
greatest  geologists,  in  a  criticism  of  the  '  Origin  of  Species,'  as  *  the  inflated  cushion 
on  which  you  try  to  bolster  up  the  defects  of  your  hypothesis.'  On  the  other  hand, 
Darwin  wrote  in  1861 :  *  I  find,  to  my  astonishment  and  joy,  that  such  good  men 
as  Kamsay,  Jukes,  Geikie,  and  one  older  worker,  Lyell,  do  not  think  that  I  have 
ill  the  least  exaggerated  the  imperfection  of  the  record.*  No  one  in  the  least 
familiar  with  the  conditions  under  which  relics  of  vegetation  are  likely  to  have 
been  preserved  can  for  a  moment  doubt  the  truth  of  Darwin's  words :  '  The  crust 
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tlie  earth,  with  its  embedded  remains,  must  not  be  looked  at  as  a  well-filled 
useuniy  but  as  a  poor  collection  made  at  hazard  ond  at  rare  intervals.* 

A.8  a  preliminary  consideration,  we  must  decide  upon  the  most  convenient 
cans  of  expressing  the  facts  of  geographical  distribution  in  a  concise  form.  The 
CDgnised  botanical  regions  of  the  world  do  not  serve  our  purpose ;  we  are  not 
>iicerDed  with  the  present  position  of  mountain-chains  or  wide -stretching  plains 
lat  constitute  natural  boundaries  between  one  existing  flora  and  another,  but 
mply  with  the  relative  geographical  position  of  localities  from  which  records  of 
DLCient  floras  have  been  obtained.  In  the  accompanying  map  I  have  divided  the 
irfoce  of  the  earth  into  six  belts,  from  west  to  east.  The  most  northerly  or 
Vrcttc  Belt  includes  the  existing  land-areas  as  far  south  as  latitude  60°,  com- 
ridin^ — 1,  Northern  Canada;  2,  Greenland  and  Iceland;  3,  Northern  Europe; 
,  Bear  Island  and  Spitzbergen ;  5,  Franz  Josefs  I-»and ;  6,  Northern  Asia.  The 
Vorlh  Temperate  Belt,  extending  from  latitude  00°  to  40°,  includes— 7,  South 
^anadn  and  the  northern  United  States ;  8,  Central  and  Southern  Europe ;  9, 
central  Asia.  The  North  Subtropical  Belt  comprises  the  land  between  latitude  40° 
md  the  Tropic  of  Cancer,  including — 10,  the  Southern  States  of  North  America; 
1,  Northern  Africa,  part  of  Arabia  and  Persia;  12,  Thibel;  and  part  of  China; 
.3,  Japan.  The  Tropical  Belt,  embracing  the  laud-areas  between  the  Tropics  of 
I^ancer  and  Capricorn,  includes — 14,  Central  America  and  the  northern  part  of 
South  America;  15,  Central  Africa  and  Madagascar;  16,  India,  the  Malay 
^.Tchipelago,  and  Northern  Australia.  The  South  Sub-tropical  Belt,  extending 
from  the  Tropic  of  Capricorn  to  latitude  40°  south,  includes — 17,  Central  South 
America;  18,  South  Africa;  19,  Central  and  Southern  Australia.  The  South 
Tejnperate  Belt  includes — 20,  the  extreme  south  of  South  America;  21,  Tas- 
mania ;  22,  New  Zealand. 

Pre'Devonian  Floras. 

The  scanty  records  from  pre-Devonian  rocks  afford  but  little  information  as  to 
the  nature  of  the  vegetation  that  existed  during  the  period  in  which  were 
depoaited  the  Cambrian,  Ordovician,  and  Silurian  strata  that  now  form  the 
greater  portion  of  the  Welsh  and  Cumberland  hills.  We  must  wait  for  further 
discoTeries  before  attempting  to  give  more  than  the  barest  outline  of  the  plant- 
life  of  these  remote  epochs.  Our  knowledge  of  the  plant-world  which  existed 
during  the  Silurian  period  is  far  too  meagre  to  justify  any  statement  as  to  geogra- 
phical distribution.  Of  the  few  records  of  supposed  Silurian  plants,  several  have 
Deen  shown  to  be  unsatisfactory,  and  the  nature  of  others  is  too  uncertain  to  admit 
of  accurate  identification.  The  Lepidodendron-like  fossil  from  the  Clinton  lime- 
stone of  Silurian  age  in  Ohio,  described  by  Clay  pole  in  1878  as  Gli/ptodendran,has 
been  referred  by  a  later  writer  to  a  Cephalopod.  Stur's  Bohemian  plants,  described 
in  1881,  are  too  imperfect  to  afford  any  information  of  botanical  value ;  while  the 
ferns  and  lepidodendroid  plants  recently  recorded  by  Potoni^  from  the  Ilartz 
Mountains  are  more  likely  to  be  of  Devonian  than  Silurian  age. 

The  genus  Nematophycus,  originally  described  by  Dawson  as  Protota.iiteSy  and 
afterwards  referred  by  Uarruthers  to  the  Algse,  constitutes  the  most  satisfactory 
example  of  a  Silurian  plant.  This  genus,  which  has  fortunately  been  preserved 
in  such  a  manner  as  to  admit  of  minute  microscopical  examination,  represents  a 
widely  spread  algal  type  in  Silurian  and  Devonian  seas.  It  has  been  found  in 
Silurian  strata  in  Wales,  Shropshire,  and  New  Brunswick ;  also  in  Devonian 
rocks  of  Eastern  Canada,  New  York,  Ohio,  and  North- West  Germany.  The 
tubular  elements  composing  the  stems  of  some  species  of  Nematophycus — which 
reached  a  diameter  of  2  or  3  feet— exhibit  a  regular  variation  in  width,  giving 
the  appearance  of  concentric  rings  of  growth,  as  in  the  stems  of  the  tree- 
like Lessonia,  an  existing  genus  of  Antarctic  seaweeds.  This  structural  feature 
presents  an  impressive  image  in  stone  of  a  plant's  rhythmical  resjjonse  to  some 
periodically  recurring  conditions  of  growth  in  the  waters  of  Paleozoic  seas. 
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Devonian  and  Lower  Carboniferous  Mofa^» 

The  earlietjt  plants  that  have  been  found  in  sufficient  number,  and  In  a  state  of 
preservation  which  renders  their  identification  possible,  are  those  from  Devonian 
rocks.  From  Bear  Island,  a  small  remnant  of  land  situated  within  the  Arctic 
circle,  the  late  Professor  Ileer  described  aeveral  Devonian  plants;  and  more  re- 
cently Professor  Nathorst,  of  Stockholm,  has  given  a  full  account  of  this  interesting 
and  comparatively  rich  flora.  The  relics  of  plant-life  preserved  in  this  Arctic 
island  carry  us  back  through  countless  ages  to  a  time  when  a  luxuriant  yesetatioD 
flourished  in  a  region  now  occupied  by  ice-bound  land  and  polar  seas.  As  Edwsrd 
Fitzgerald  said,  in  speaking  of  his  enjoyment  of  some  geological  book :  *  This  vision 
of  time  u  in  itself  more  wonderful  than  all  the  conceptions  of  Dante  and  Milton. 
Devonian  planta  have  been  described  by  Feistmantel,  Etheridge,  and  others  from 
Australia ;  and  the  well«known  Kiltorkan  grits  of  Ireland  have  supplied  a  few 
well-preserved  impresf'ions  of  the  oldest  land-plants  disinterred  from  liritish  rocks. 

As  my  aim  is  to  sketch  in  broad  outline  the  general  facies  of  the  vegetation 
which  flourisb«Ml  at  diflerent  stages  in  the  earth *s  history,  rather  than  to  undertake 
a  critical  examination  of  the  evidence  as  to  the  precise  geological  age  of  the 
plant-bearing  beds,  I  propose  to  treat  of  Devonian  and  Lower  Carboniferous  floru 
as  constitutinfr  one  phase  in  the  evolution  of  the  plant-world.  In  speaking  of  the 
plants  of  the  Devonian  and  l»wer  Carboniferous  or  Culm  phase,  it  is  not  assumed 
that  the  specimens  entombed  in  the  snow-covered  cliHs  of  JBear  Island  were  actu- 
ally contemporaneous  with  those  found  in  rocks  of  the  same  geological  period  in 
the  Southern  hemisphere.  The  Bear  Island  rocks  are,  in  the  language  which 
Huxley  taught  us  to  use,  homotaxial  with  certain  Devonian  plant-bearing  strtti 
in  other  parts  of  the  world;  they  occupy  the  same  relative  position  in  the  geo- 
logical series. 

Homotaxy  by  no  means  implies  contemporaneity;  indeed,  the  late  Edwani 
Forbes  maintained  that  similarity  of  organic  contents  of  distant  formationfi 
should  be  accepted  as  prima  facie  evidence  of  a  difierence  in  age. 

What  do  we  know  as  to  the  composition  of  the  floras  that  flourished  in  the 
later  stages  of  the  Devonian  and  in  the  latter  part  of  the  Carboniferous  era.^  The 
following  list,  which  is  bv  no  means  exhaustive,  representa  some  of  the  more 
important  generic  types  which  may  be  very  briefly  described : — 


1.  EaUISETALBS. 

Archaocalamites, 

2.  SrHB370PHlLLALES. 

Sphenophyllum* 
Cheirostrobus, 
[Psettdobornia  ?] 

3.  Ltcopodialbs. 

L&pidodendron. 
Bothrodendi'on, 


Hhodea. 

Cardwpteris. 

Tode(fp9i8, 

Cephahtheca, 

Bhacopteris, 

5.  CiCADOFlLICBS. 

Catanwpitys. 
Heterangium, 
Lyginodendron, 


6.  Gymkobperm^. 

4.   FiLICALBS.  I  (CORDAITALBS.) 

Archaopteris.  \  Cordaites, 

Adiantttes.  \  Pitys. 

In  Arckaocalnmites  we  have  the  oldest  example  of  an  undoubted  Equisetaceous 
genus.  The  structure  of  its  comparatively  thick  and  woody  stem  is  practically 
identical  with  that  of  our  common  British  t3rpe  of  Calamilfs^  one  of  the  most 
abundant  of  the  Coal  period  genera,  while  the  strobilus  difi*eiied  in  no  essential 
feature  from  that  of  a  modern  Horsetail.  The  genus  Chevrostrobut,  founded  in 
1897  by  Dr.  D.  H.  Scott  on  a  single  specimen  of  a  petrified  cone  discovered  in  the 
rich  volcanic  beds  of  Lower  Carboniferous  age  at  Pettycur  on  the  shores  of  the 

Digitized  by  CjOOQIC 


TRANSACTIONS  OF  SECTION  K.  ,     829 

Firth  of  Forth,  affords  a  striking  iUustration  of  a  Palteozoic  plant  exhibiting  a 
structure  far  more  complex  than  that  of  anjr  known  type  among  existing  Vascular 
Orypto^ms.  As  Scott  clearly  shows  in  his  admirable  memoir,  Ckeirostrobus  is  a 
synthetic  or  compound  genus,  one  of  the  numerous  extinct  types  brouf^ht  to  light 
by  the  anatomical  investigation  of  fossil  plants,  from  which  we  have  learnt  more 
about  the  inter-relations  of  existing  classes  than  we  could  ever  hope  to  discover 
from  the  examination  of  recent  species. 

In  this  Scotch  cone,  about  8*6  cm.  in  diameter,  we  recognise  Equisetaceous 
and  Lycopodinous  characters  combined  with  morphological  features  typical  of  the 
extinct  genus  ^hewy>hyllum.  Some  specimens  of  vegetative  stem*)  described  by 
Nathorst  from  Bear  Island  under  the  name  Pseudobomia — characterised  by  their 
whorled  leaves  with  fimbriate  blades  borne  on  nodal  regions  separated  by  long 
intemodes — may,  as  Scott  has  suggested,  represent  the  branches  of  the  tree  of 
which  Cheirosirobus  was  the  cone.  Both  Devonian  and  Culm  rocks  have  furnished 
many  examples  of  Lycopodinous  plants.  The  genus  Bothrodendron,  closely  allied 
in  habit  to  Lepidodendron,  has  been  recorded  from  Bear  Island,  Ireland,  and 
Australia,  and  the  cuticles  of  a  Lower  Carboniferous  species  form  the  greater  por- 
tion of  the  so-called  paper-coal  of  Tula  in  Russia.  Lepidodendron  itself  nad 
dready  attained  to  the  size  of  a  forest  tree,  with  anatomical  features  precisely 
similar  to  those  of  the  succeeding  Coal  period  species. 

Our  knowledge  of  the  f^ms  is  not  very  extensive.  The  genus  Archofopteris 
from  Ireland,  Belgium,  Bear  Island,  and  North  America  has  always  been  regarded 
as  a  fern,  but  we  must  admit  the  impossibility  of  accurately  determining  its  syste- 
matic position  until  we  possess  a  fuller  knowledge  of  the  reproductive  organs  and 
of  its  anatomical  structure.  Similarly  the  genera  Rhacopieru,  Adiantites,  and 
Bhodea,  with  other  characteristic  members  of  the  Lower  Carboniferous  vegetation, 
may  be  provisionally  retained  among  the  oldest  known  ferns.  The  genus  Cardio^ 
pteris — a  plant  with  large  oblong  or  orbicular  pinnules  borne  in  two  rows  on  a  stout 
rachis — is  known  only  in  a  sterile  condition,  and  it  is  quite  as  likely  that  its  repro- 
ductive organs  may  have  been  of  the  Qymnospermous  as  of  the  Filicinean  type. 

Renault  has  described  under  the  name  Todeopsis  some  petrified  sporangia 
which  appear  to  be  practically  identical  with  those  of  existing  Osmundaceae,  and 
a  new  Devonian  genus  Cephalotheca  has  been  instituted  by  Kathorst  for  fertile 
specimens  of  a  strange  type  of  plant  which  he  refers  to  the  Marattiacese.  Of  mudi 
greater  importance  than  the  sterile  fernlike  fronds,  which  cannot  be  assigned  with 
confidence  to  a  definite  position,  are  the  petrified  remains  of  stems  and  leaves  of 
such  plants  as  Heterangium,  Lyginodendrorif  Calamopitys,  and  others  which  de- 
monstrate the  existence  of  a  class  of  synthetic  genera  combining  Filicinean  and 
Cycadean  characters.  These  plants  are  of  exceptional  interest  as  showing  beyond 
doubt  that  Ferns  and  Cycads  trace  their  descent  from  a  common  ancestry.  Some 
of  the  supposed  ferns  from  Lower  Carboniferous  rocks 'are  known  to  have  been 
fronds  borne  on  stems  with  the  structure  of  cycads,  and  we  have  good  reason  for 
believing  that  some  at  least  of  the  gymnospermous  seeds  of  Palaeozoic  age  are 
those  of  plants  of  which  the  outward  form  was  more  femlike  than  cyc^ean. 
The  announcement  made  a  few  months  ago  by  Professor  Oliver  and  Dr.  Scott  that 
they  had  obtained  good  evidence  as  to  the  connection  of  the  gymnospermous  seed 
known  as  Lagmoittmiavnik  the  genus  lAfginodendron  is  one  of  the  most  important 
contributions  to  botany  published  in  recent  years;  if,  as  I  firmly  believe,  the 
evidence  adduced  is  convincing,  it  gives  satisfactory  confirmation  to  suspicions 
that  previous  discoveries  led  us  to  entertain.  The  fact  demonstrated  is  this :  the 
genus  Lyginodendron,  a  plant  known  to  have  existed  during  the  greater  part  of  the 
Carboniferous  epoch,  possessed  a  stem  of  which  the  primary  structure  was  almost 
identical  with  that  which  characterises  some  recent  species  of  Osmundaceae,  while 
the  secondary  wood  produced  b^  the  activity  of  a  cambium  is  hardly  distinguish- 
able from  the  corresponding  tissue  in  the  stem  of  a  recent  cycad.  The  fronds 
were  those  of  a  fern,  both  m  the  anatomy  of  their  vascular  tissue  and  in  their 
external  form ;  as  far,  therefore,  as  the  vegetative  characters  are  concerned,  we 
have  a  combination  of  ferns  and  cycads.  We  still  lack  complete  knowledge  of  the 
nature  of  the  reproductive  organs,  but  it  seems  clear  that  Li/ginodendran  bore 
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fleeds  conBtructed  on  the  Gymnoepennous  plun,  but  char acteri Bed  by  an  architec- 
tural complexity  for  beyond  that  represented  in  the  seeds  of  any  modem  Conifer 
or  Oycad. 

In  such  genera  of  Gymnosperms  as  Cordaites,  Piit/Sy  and  others,  we  have 
examples  of  forest  trees  possessing  wood  almost  identical  with  that  of  existing 
species  of  Arauoariaf  but  distinguished  by  certain  peculiarities  which  point  to  a 
relationship  with  members  of  the  Cycadofilices,  and  suggest  that  Conifers  as  well 
as  Cycads  may  have  sprung  from  a  filicinean  stock. 

These  waifs  and  strays  from  the  vegetation  of  an  era  incredibly  remote,  when 
strange  amphibians  were  lords  of  the  animal  world,  afford,  as  Newberry  expresses 
it, '  fascinating  glimpses  of  the  head  of  the  column  of  terrestrial  vegetation  that 
has  marched  across  the  earth's  stage  during  the  different  geological  ages/ 

Two  facts  stand  out  prominently  as  the  result  of  a  general  survey  of  what  are 
practically  the  Meat  records  of  plant-life.  One  is  the  abundance  of  types  which 
cannot  be  accommodated  in  our  existing  classification  founded  solely  on  living 
plants. 

The  Devonian  and  Lower  Carboniferous  plants  lead  us  away  from  the 
present  alon^  converging  lines  of  evolution  to  a  remote  stage  in  the  history  of 
life ;  they  bring  us  face  to  face  with  proofs  of  common  origins,  which  enable  us  to 
recognise  community  of  descent  in  existing  groups  between  which  a  direct  alliance 
is  either  dimly  suggested  or  absolutely  unsuspected  if  we  confine  our  investigations 
to  modem  forms.  We  recognise,  moreover,  in  such  a  plant  as  Archaocalamites 
an  ancestor  from  which  we  may  derive  in  a  direct  line  the  existing  members  of  the 
Equisetales.  In  other  types,  b^  far  the  greater  number,  we  see  striking  examples 
of  Nature's  many  failures,  which,  after  reaching  an  extraordinary  complexity  of 
organisation,  gave  place  to  other  products  of  evolution  and  left  no  direct 
descendants. 

Another  fact  that  seems  to  stand  out  clearly  is  the  almost  worldwide  distribu- 
tion of  several  characteristic  Lower  Carboniferous  plants.  The  accompanying  table 
(page  830),  based  on  theartificial  divisions  marked  outon  the  map,  to  which  reference 
has  already  been  made,  shows  how  widely  some  of  the  plants  had  migrated  from 
an  unknown  centre  far  back  in  a  still  more  remote  age.  We  are,  as  yet,  unable 
to  follow  these  Devonian  plants  to  an  earlier  stage  in  their  evolution.  We  are 
left  in  aniazement  at  their  specialised  structure  and  extended  geographical  distri- 
bution, without  the  means  of  perusing  the  opening  chapters  of  their  history. 

Upper  Canrhonifercma  (Coal-Measurea)  and  Permian  Floras. 

From  the  Lower  Carboniferous  formation  we  pass  on  to  the  wealth  of  material 
afforded  by  the  Upper  Carboniferous  and  Permian  rocks.  From  the  point  of  view 
of  both  botanists  and  geologists,  the  fossil  plants  obtained  from  the  beds  associated 
with  the  coal  are  of  greater  interest «ana  importance  than  those  of  any  other 
geological  period.  By  a  fortunate  accident  our  investigations  are  not  restricted 
to  the  examination  of  carbonaceous  impressions  and  sandstone  casts  left  by  the 
stems  and  leaves  of  the  Coal-period  plants.  By  means  of  thin  sections  cut  from 
the  calcareous  nodules  of  the  coal-seams  of  Yorkshire  and  Lancashire,  and  from 
the  silicified  pebbles  of  France  and  Saxony,  it  is  possible  to  make  anatomical 
investigations  of  the  coal-forest  trees  with  as  much  accuracy  as  that  with  which 
we  can  examine  sections  of  recent  plants.  The  differences  between  the  vegetation 
that  witnessed  the  close  of  the  Carooniferous  era  and  that  which  fiourished  during 
the  opening  stages  of  the  succeeding  Permian  epoch  are  comparatively  slight.  It 
has  been  demonstrated  by  Qrand*Eury,  Kidaton,  Zeiller,  Potoni(5,  and  others,  that 
it  is  possible  both  to  separate  the  floras  of  the  Coal-measures  from  those  of  Lower 
Permian  age,  and  to  use  the  plant  species  as  trustworthy  guides  to  the  smaller 
subdivisions  of  the  Coal-measures ;  but  apart  from  these  minor  differences,  the 
general  facies  of  the  vegetation  remained  fnirly  constant  during  the  Upper  Carboni- 
ferous and  Lower  Permian  periods. 

TKe  vast  forests  of  the  Coal  age  occupied  an  extensive  area  of  land  on  the 
site  of  the  present  United  States  of  North  America,  stretching  across  Europe  into 
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£astera  A  ma ;  under  the  ahade  of  their  trees  lived  '  the  stupid,  salamander-like 
LabyrinthodontB,  which  pottered  with  much  belly  and  little  leg,  like  Fal^ffin 
his  old  nge.'  The  plants  of  these  Palieozoic  forests  seem  to  be  revivified,  as  we 
subject  their  pet ri tied  fragments  to  microscopical  examination.  Robert  Louis 
Stevenson  has  referred  to  a  venerable  oak,  which  has  been  growing  since  the 
Reformation  and  is  yet  a  living  thing  liable  to  sickness  and  death,  as  a  speaking 
lesson  in  hbtory.  flow  much  more  impressive  is  the  conception  of  age  suggeeied 
by  the  contemplation  of  a  group  of  Palsdozoic  tree-stumps  exposed  in  a  Carbcmi- 
ferous  quarry  and  rooted  where  they  grew !  An  examination  of  their  minute 
anatomy  carries  ua  beyond  the  mere  knowledge  of  the  internal  architecture  of  their 
stems,  leaves,  and  seiKis ;  it  brings  us  into  contact  with  the  actual  working  of  tbeir 
complex  machinery.  As  we  look  at  the  stomata  on  the  lamina  of  a  leaf  of  one 
of  those  strange  trees,  and  recognise  a  type  of  structure  in  the  mesophyll-tissues 
which  has  been  rendered  familiar  by  its  occurrence  in  modem  leaves,  it  requires 
but  little  imagination  to  see  the  green  blade  spreading  its  surface  to  the  lip^ht  to 
obtain  a  supply  of  solar  energy  with  which  to  extract  carbou  from  the  air.  We  can 
almost  hear  the  murmur  of  plant-life  and  the  sighing  of  the  branches  in  the  wind 
as  the  sap  courses  through  the  wood,  and  the  leaves  build  up  material  from  the 
products  of  earth  and  air;  products  that  are  to  be  sealed  up  by  subsequent 
geological  changes,  till  after  the  lapse  of  countless  ages  the  store  of  energy  accu- 
mulated in  coal  is  dissipated  through  the  agency  of  man. 

The  minute  structure  of  the  wood  of  the  Catamites,  Lycopods,  and  other  ti^eea, 
agrees  so  closely  with  that  of  existing  types  that  we  are  forced  to  conclude  that 
these  PalsBosoic  plants  had  already  solved  the  problem  of  raising  a  oolunin  of  water 
more  than  100  feet  in  height.  The  arrangement  of  the  strengthening  or  mechiinictl 
tissues  in  the  long  flat  leaves  of  CordaiUs  is  an  exact  counterpart  of  that  whick 
we  find  in  modern  leaves  of  similar  form.  The  method  of  disposition  of  support- 
ing strands  in  such  manner  as  to  secure  the  maximum  eOect  with  the  least 
expenditure  of  material,  was  as  much  an  axiom  in  plant  architecture  in  the  days 
of  the  coal-forests  as  it  is  now  one  of  the  recognised  rules  in  the  engineer  s  crafi. 

We  need  not  pause  to  discuss  the  various  opinions  that  have  been  expressed  m 
to  the  conditions  under  which  the  forests  grew ;  we  may  adopt  Neumayr'a  view, 
and  recognise  a  modem  parallel  in  the  moors  of  the  sub-Arctic  zone,  or  find  a  dost 
resemblance  in  the  dismal  swamp  of  North  America.  There  is  also  the  Tiew 
expressed  many  years  ago  by  Binney  and  warmly  advocated  by  Darwin,  th&t  some 
at  least  of  the  Coal-period  trees  grew  in  salt-marshes,  an  opinion  which  receive! 
support  from  several  structural  features  suggestive  of  xerophytic  characten 
recognised  in  the  tissues  of  Paleozoic  plants. 

Time  does  not  admit  of  more  than  the  most  cursory  glance  at  the  leading  types 
of  the  Permo-Carboniferous  floras.  The  general  character  of  the  preceding  vege- 
tation is  retained  with  numerous  additions.  Arch<focalamitc$  is  replaced  by  • 
host  of  representatives  of  the  genus  CalanUttSf  an  Equisetaceous  tvpe  with  stout 
woody  stems  and  fteveral  forms  of  cones  of  greater  complexity  than  those  of  modem 
Horsetails.  Side  by  side  with  the  Galamites  there  appear  to  have  existed  plants 
which,  from  their  still  closer  agreement  with  EquUetum,  have  been  described  bj 
Zeiller,  Kidston,  and  others  as  species  of  Equis&titen.  The  genus  SpkenophflbaHy 
a  solitary  type  of  an  extinct  family,  was  represented  by  several  forms  wluch,  like 
the  Oalium  of  our  hedgerows,  may  have  supported  their  slender  branches  against  the 
stems  of  stronger  plants.  Lycopods,  with  trunks  as  thick  and  tall  as  foreet  trees, 
were  among  the  most  vigorous  members  of  the  later  Palseozoic  forests.  Although 
recent  research  has  shown  that  several  of  the  supposed  ferns  must  be  assigned  to 
the  Cycad-fern  alliance,  there  can  be  no  doubt  that  true  ferns  had  reached  an 
advanced  state  of  evolution  during  the  Permo-Oarboniferous  epoch.  The  abund- 
ance of  petrified  stems  of  the  genus  PsaroniuSf  of  which  the  nearest  living  r^ire- 
sentatives  are  probably  to  be  found  among  the  tropical  Marattiaceie,  demonstrates 
the  existence  of  true  ferns.  Others  had  more  slender  stems  which  clambered  over 
the  trunks  of  stouter  trees,  while  some  grew  in  the  shade  of  Lepidodendron  and 
Cordaites.  The  most  striking  fact  as  regards  the  Permo-Carboniferous  fema  is 
the  abundance  Of  fertile  iVonds  bearing  spdrangia  which  exhibit  a  mors  or  less 
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doAe  agreement  with  those  of  the  few  surviving  genera  of  MarattiaceaB.  The  more 
familiar  tyne  of  sporangium  met  with  in  our  existing  fem-vegetation  is  also  repre- 
sented, ana  we  have  recently  become  familiar  with  several  genera  bearing  spo- 
rangia exhibiting  a  close  resemblance  to  those  of  modern  Gleicheniaceffi,  Schiz»a- 
cece,  and  Osmundaceas.  The  sporangial  characteristics  of  the  different  fanulies  of 
living  ferns  are  many  of  them  to  be  found  among  Pakeozoic  types,  but  there  is  a 
frequent  commingling  of  structural  features  showing  that  the  ferns  had  not  as  yet 
become  differentiated  into  so  many  or  such  distinct  famOiee  as  have  since  been 
evolved. 

Prominent  among  the  G^ymnosperms  of  the  Palaeozoic  forests  must  have  been 
the  genus  Cordaites :  tall  handsome  trees,  with  long  strap-shaped  leaves,  recalling 
on  a  large  scale  those  of  the  kauri  pine  of  New  Zealand.  This  genus,  which  has 
been  made  the  t^pe  of  a  distmct  group  of  G^ynmosperms,  combined  the  anatomy  of 
an  Araucaria  witn  reproductive  organs  more  nearly  allied  to  the  flowers  of  Gycads, 
and  exhibiting  points  of  resemblance  with  those  of  the  Maidenhair-tree.  It  is  not 
until  the  later  stages  of  the  Permo-Oarboniferons  epodi  that  more  definite  coniferous 
types  made  their  appearance.  The  genus  Waldna^  in  habit  almost  identical  with 
Araucaria  exceUa,  the  Norfolk  Isbuid  pine,  with  Ulmanma  and  Voltmiy  are 
characteristic  members  of  the  vegetation  belonging  to  the  later  phase  of  the  Permo- 
Carboniferous  era.  The  MaideiSiair-tree  of  the  far  East,  one  of  tiie  most  vene- 
rable survivors  in  our  modem  vegetation,  is  foreshadowed  in  certain  features 
oxhibited  by  Cordaites  and,  as  regards  the  form  of  its  leaves,  by  I^gmopkyllum^ 
WkittUteyOj  and  other  genera.  Fsygmophyllum  is  known  to  have  existed  in 
Spitsbergen  in  the  preceding  Culm  epoch,  and  WitUeseya  occurs  in  Canadian 
strata  correlated  with  our  Millstone  Grit.  Leaves  have  been  found  in  Permian 
rocks  of  Russia,  Siberia,  Western  and  Central  Europe,  referred  to  the  genus 
Batera,  a  typical  Mesoioic  type  closely  allied  to  Ginkgo,  In  the  upper  Coal- 
measures  ana  lower  Permian  rocks  a  few  pmnate  fronds  have  been  discovered, 
such  as  Sjfheenozamites,  from  the  Permian  of  France,  FteropkyUum  from  France 
and  Russia,  and  Piagiozamites  from  the  Permian  of  Alsace,  which  bear  a  striking 
likeness  to  modem  Cycadean  leaves.  Throughout  the  Permo-Carboniferous  era 
the  Cycadofilices  formed  a  dominant  group ;  Lyginodendrfm,  Meduliota,  ForoxyUm^ 
and  many  other  genera  flourished  in  abundance  as  vigorous  members  of  an  ancient 
class  which  belongs  exclusively  to  the  past. 

One  distinctive  characteristic  of  the  vegetation  of  later  Permo-Carboniferous 
days  is  the  occurrence  of  the  Cycad-like  fronds  already  refen*ed  to ;  also  the  appear- 
ance of  Voltna  and  other  comfers  with  species  of  SqttisetiteSf  pioneer  genera  of 
a  succeeding  era  that  constitute  connecting  links  between  the  Palaeozoic  and 
Mesozoic  floras. 

What  we  may  call  the  typical  vegetation  of  the  Coal-measures,  which  con- 
tinued, with  comparativelv  minor  changes,  into  the  succeeding  era,  flourished  over 
a  wide  area  in  the  northern  hemisphere,  suggesting,  as  White  points  out,  an 
almost  incredible  uniformity  of  climate.  The  same  type  of  v^tation  extended 
as  far  south  as  the  2jambesi  in  Africa,  and  to  the  vast  coal-fields  of  China ;  it 
possibly  existed  also  in  high  northern  latitudes,  but,  since  Beer's  record  of 
Cordatte$  in  Novaya  Siemlya  in  1878,  no  further  traces  of  arctic  Permo-Carbo- 
niferous plants  have  been  found.  Calamite$y  Lepidodendron  (with  its  near  relative 
SigiUaria)^  Ferns,  Cycadofilices,  CordaiUs,  and  other  Gyninosperms,  constitute  the 
most  feimiliar  types.  We  have  alieadv  noticed  the  existence  in  the  southem 
hemisphere  of  Lower  Carboniferous  and  Devonian  genera  identical  with  plants 
found  in  rocks  of  corresponding  age  within  the  'Arctic  circle.  This  agreement 
between  the  northern  and  southem  floras  was,  however,  not  maintained  in  the 
later  stages  of  the  Paladoioic  epoch.  Australian  plant-bearing  strata  homotaxial 
with  Permo-Carboniferous  rocks  of  Europe,  have  so  far  afforaed  no  examples  of 
SigiUariaf  Lepidodendron^  or  of  several  other  characteristic  northern  forms;  in 
place  of  these  genera  we  find  an  enormous  abundance  of  a  fera  known  as  G'/omo- 
pteri$j  a  type  which  must  have  monopolised  wide  areas,  suggesting  a  comparison 
with  the  green  carpet  of  bracken  that  stretches  as  a  continuous  sheet  over  an 
English  moor.    With  Olo99opteri$  was  aaaociated  a  fern  bearing  simibr  leaves, 
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known  afi  Oangamopteris,  and  with  these  grew  Sckkonewra  and  FkjfUoiheea^  matt- 
hers  of  the  Equisetalet.  In  addition  to  these  genera  there  axe  otners  which  beu 
a  cloee  resemblance  to  northern  hemisphere  types^  such  as  Noeggeratkiapsi^t 
memher  of  tJie  Cordaitales,  and  seyeral  Sjpeciee  of  Sphenopterii,  Simllarlj,  is 
many  parts  of  India,  Glosdopteria  has  been  found  in  extraoidinarj  abundance  is 
'^the  same  company  with  which  it  occurs  in  Austzalia.  In  South  Africa  ao 
'identical  flora  is  met  with  which  extends  to  the  Argentine  and  to  otiier  regkms  of 
Soudi  America.  A  few  members  of  this  southern  flora  have  been  reeorded  from 
Borneo,  and  the  genus  GlosnopterU  is  said  to  occur  in  New  Zealand,  but  the  latter 
statement  has  be^  called  in  question  and  requires  conflrmation.  It  is  dear  thst 
from  South  America,  through  South  Africa  and  India  to  Australia,  there  existed 
a  vegetation  of  uniform  chanctor  which  flourished  over  a  vast  southern  continsot 
at  approximately  the  same  period  as  that  which,  in  the  northern  hemisf^ere  and 
in  China,  witnessed  the  growth  of  the  forests  whose  trees  formed  the  source  of  our 
coal-supply. 

Since  attention  was  drawn  by  Dr.  filanford  and  other  writers  to  the  facts  ot 
plant-distribution  revealed  by  a  study  of  the  later  Palseoioic  floras,  it  has  bees 
generally  admitted  that  durmg  the  Permo-Garboniferous  era  there  existed  tvo 
udrly  well-marked  botanical  provinces.  The  more  familiar  and  &r  richer  flon 
occupied  a  province  stretching  frrom  the  western  states  of  North  America  acros 
Europe  into  China  and  reaching  as  far  as  the  Zambesi ;  the  other  province  irv 
occupied  b^  a  less  varied  assemblage  of  plants,  characterised  by  the  abundance  d 
OloMoptens,  Oangamopteris,  Nntropteridiwn,  NoeggeraUdopm,  SeAizoneura,  id 
other  genera,  stretching  from  South  America  through  India  to  Australia. 

Two  questions  at  once  suggest  themselves :  firsUy,  were  these  two  botaninl 
provinces  defined  by  well-marked  boundaries,  or  did  they  dovetail  into  oneanctkr 
at  certain  points?  Seooodly,  is  there  any  probable  explanation  of  this  diffsroia 
between  northern  and  southern  floras,  a  feature  not  shown  either  by  the  preoediK 
Devonian  and  Liower  Carboniferous  or  by  the  succeeding  Lower  Mesoxoic  flons- 

In  Brazil,  Professor  Zeiller  has  recorded  the  occurrence  of  a  flora  inclodiog 
LepidophhioSf  a  well-known  European  member  of  the  Lycopods,  associated  witk 
such  characteristic  southern  trpeA  as  Qanpamopteris  and  NoeggerathUipm. 
Similarly  from  the  Transvaal  a  European  species  of  StgiUaria,  with  a  Lepviodes- 
droid  plant,  and  another  northern  genus,  PsygmophyUwH^  have  been  fbona  in  beds 
containing  GloMopteriifOangamopteris,  Noeggeratkiopm^  Neuropteridmm,  and  other 
members  of  the  so-called  Glossopteris  flora.  In  India,  the  Glossopteris  floo 
exhibits  ao  entire  absence  of  Lepidodcndron,  Calanutes,  StgUlaria,  and  ofiier  coo- 
mon  northern  genera,  while  Skthenophgllum  ie  represented  by  a  single  specks 
The  Australian  Permo-Carboniferous  flora  is  also  characteiised  by  the  absence  of 
the  great  majority  of  the  northern  types.  Until  a  few  years  ago  the  ^noi 
Glossopteris  had  not  been  discovered  in  Europe,  but  in  1897  Professor  Amahtzirr 
recorded  the  occurrence  of  this  genus  in  association  with  6ang<imoptens  is 
Permian  strata  in  Northern  Russia. 

We  see,  then,  that  in  Brazil  and  South  Africa  the  Glossopteris  flora  and  tk 
n(»rthern  flora  overlapped,  but  the  former  was  the  dominant  partner.  On  tlie 
other  hand,  in  rocks  belonging  to  a  somewhat  higher  horiacm  in  Russia,  we  meet 
with  a  northern  extension  of  the  Glossopteris  flora.  The  accompanying  map  (p.  8S5) 
serves  better  than  a  detailed  description  to  illustrate  the  geographical  diatrioatioB 
of  these  two  types  of  vegetation  in  the  Permo-Carboniferous  era. 

There  is  little  doubt  that  the  diflerences  betvreen  the  flora  of  the  southern 
continent,  that  existed  towards  the  close  of  the  Carboniferous  and  during  die 
succeeding  Permian  period,  and  that  which  flourished  fruiiier  north  have  in  some 
respects  been  exaggerated ;  geographical  separation  has  played  too  oonspicuoas  t 
part  in  influencing  botanical  nomendature.  Ghranting  the  existence  of  identical 
genera  or  representative  i^pes,  there  remains  a  striking  difference  between  the  two 
provinces  into  which  the  Permo-Carboniferous  vegetation  was  divided.  As  regards 
an  explanation  of  this  fiict,  we  can  only  hazard  a  guess ;  as  Dr.  Blanford  and 
others  have  pointed  out,  there  is  a  probable  solution  to  hand.  Briefly  stated,  the 
Upper  Palaeozoic  plant-bearing  strata  of  India,  South  America,  Ausbulia,  sod 

Digitized  by  CjOOQIC 


TRiKSACnONS  Ol'  SECTION  tU 


835 


Bbttth  Africa  toe  iA  tloae  association  with  bonlder-beds  of  consideraUe  extent. 
Li  80me  j^laces,  as  for  example  in  India  and  Australia,  the  boulder-beds  rest  on 
Toeks  beannff  unmistakable  signs  of  the  grinding*  action  of  ice.  There  can  be  no 
idaSdnable  doubt  that  the  huge  continental  area  of  which  India,  South  Africai 
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parts  of  South  America,  and  Australia  remain  as  comparatively  insignificant  rem- 
nants, was  exposed  to  climatal  conditions  favourable  to  the  accumulation  of  snow 
and  to  the  formation  of  glaciers.  One  possible  explanation,  therefore,  of  the  exist- 
ence of  a  distinct  vegetation  in  the  soutuem  area  is  that  the  climate  was  such  as  to 
render  impossible  the  existence  of  those  coal-forest  plants  that  exhibited  so  vigoroMi  p 
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a  deyebfiment  in  northern  latitodea.  There  ia,  moreorer^  anothor  comidaMtioa, 
and  that  is  the  effect  on  the  vegetation  of  an  enormous  continental  maA ;  im  North 
America  and  Europe  it  10  proMtble  that  the  forests  grew  on  low-lying  land  pen^ 
trated  by  lagoons  uid  in  part  sabmerged  under  shalfow  braddsh  water,  a  dispoii> 
tion  of  land  and  sea  very  different  from  that  in  the  so-called  Gondwana  Land  of 
the  South.  Possibly  the  apparently  uniform  vegetatimi  of  the  Berottiaa  and 
Lower  Oarboniferous  period  was  unable,  throuffh  stress  of  climatal  conditions^  to 

SroloDff  its  existence  in  the  southern  area,  while  in  the  north  it  oonttnoed  to 
ourishy  and  as  the  evolution  of  new  types  mt)ceeded  in  rapid  succession  it  wm 
not  slow  to  colonise  new  areas  stretching  in  South  America  and  Sooth  ALfrica  to 
the  confines  of  the  Glossopteris  flora. 

There  seems  good  reason  for  assnmiog  that  the  Glossopteris  flora  originated  ii 
the  South  and  before  the  close  of  the  Permian  period,  as  well  as  in  the  saoceediB^ 
l^iassic  era,  pushed  northward  over  a  portion  of  the  area  previously  occupied  by 
the  northern  flora.  This  northward  extension  is  shown  by  the  eyiirtance  of 
Olo$aopteri$  in  Upper  Permian  rocks  of  Russia,  by  the  occurrence  of  several  southen 
tvpes  m  plant-besnng  beds  of  the  Altai  mountains,  and  by  the  existence  in  WeoteiB 
Europe  during  the  early  stages  of  the  Triassic  era  of  such  southern  genera  si 
Ifeuropteridium  and  SehisKmeura, 

Triasiie,  Jureusie,  and  Wealden  Floras. 

It  is  unfortunate  that  the  records  of  plant-life  towards  the  dose  of  tl» 
Paleozoic  and  during  the  succeeding  Triassic  period  are  very  fragmentary ;  tkt 
documents  are  few  in  number,  and  instead  of  the  iairly  continuous  dusters  it 
which  the  records  of  the  Coal  age  have  been  preserved,  we  have  to  be  content 
with  a  few  blurred  pages.  During  the  TriasMC  period  the  vegetation  of  the  world 
gradually  changed  its  character;  the  balance  of  power  was  shifted  from  tbe 
Vsscular  Cryptogams,  the  dominant  group  of  the  Palaeozoic  era,  to  the  Grmiuh 
sperms.  It  is  not  until  we  pass  up  the  geologic  series  as  far  as  the  Rhctie 
formation,  that  we  come  to  paleobotanies!  records  at  all  comparable  in  their 
completeness  with  those  of  the  Permo-Carboniferous  era ;  but  before  conrnderiaf 
the  RhaBtic  vegetation  we  must  glance  at  such  scattered  relics  as  remain  of  tk 
vegetation  belonging  to  the  period  of  transition  between  the  Palseozoic  and 
Mesozoic  fades.  It  is  regrettaole  that  this  transitional  period  is  unusually  pocr 
in  documentary  evidence  that  might  throw  light  on  the  gradual  change  in  tk 
facies  of  Palieozoic  vegetation.  The  new  order,  when  once  established,  perstslad 
ibr  many  succeeding  ages  without  undergoing  any  essential  alteration. 

One  of  the  few  floras  of  early  Triassic  age  of  which  satisfactory  relics  haye  beet 
preserved  is  that  described  in  1844  by  Schimper  and  Mougeot  from  the  Bonttf 
Sandstones  of  the  Vosges.  The  genus  Neurofkeridium,  a  plant  which  may  be  t 
true  fern,  or  possibly  a  surviving  member  of  the  Oycadofllioes,  is  represented  by  t 
spedes  which  can  hardly  be  distinguished  from  that  which  flourished  in  Soud 
America,  South  Africa,  and  India  in  the  Permo-Oarboniferous  period.  Wi 
ffenus  and  another  southern  type,  SchtzoneurOf  both  of  which  are  met  with  in  the 
Triassic  rocks  of  the  Vosges,  would  seem  to  point  to  a  northern  migration  of 
certain  members  of  the  Ohssopteris  flora,  whicn  took  place  at  the  dose  of  the 
Palaeozoic  era.  In  the  Lower  Triassic  flora  Conifers  are  rdativdy  more  abundant 
than  in  the  earlier  periods ;  such  genera  as  Aibertia  (resembling  in  its  vegetativv 
features  some  recent  species  of  Araucaria),  Voltzia  (wiih  cones  that  cannot  be 
closely  matched  with  those  of  any  existing  members  of  the  Conifene),  and  othtf 
representatives  of  this  class  are  common  fossils.  Lepidodendra  have  apparently 
ceased  to  exist;  St^Uaria  may  be  said  to  survive  in  one  somewhat  doubtful  form, 
SipiUaria  oeuUna,  The  genus  Fleuromeia,  whidi  makes  its  appearance  in  Triassic 
rocks,  is  known  only  in  the  form  of  casts  exhibiting  a  strong  likeness  to  some . 
Palaeozoic  Lycopods,  and  is  perhaps  more  akin  to  lioetes  than  to  any  other  exist- 
ing plant.  The  Calamites  are  now  replaced  by  large  Equisetaceous  plants,  which 
are  best  described  as  Horsetails  with  much  thicker  stems  than  those  of  their 
modem  descendants. 

F^m  Recoaro  in  Northern  Itdy  some  of  the  Vosges  genera  have  been  recorded, 
and  »  few  other  European  localities  have  furnished  similar  relics  of  a  Triaarie 
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yegetation.  Passisg  to  the  peninsula  of  India,  we  find  the  genus  Ghssopteris 
aoundantly  represented  in  strata  which  there  is  good  reason  for  regarding  as  homo- 
taxial  with  the  European  Trias,  and  the  occurrence  in  the  same  heds  of  some  other 
genera  of  Permo-Oarboniferous  a^e  shows  that  the  change  in  the  character  of  the 
southern  vegetation  at  the  close  of  the  Palaeozoic  era  was  much  more  gradual  than 
in  the  north. 

The  comparative  abundance  of  plant  remains  in  the  northern  hemisphere  in 
rocks  belongmg  to  the  Rhsetic  formation,  a  series  of  sediments  so  named  from 
their  development  in  the  Rhsetian  Alps,  is  in  welcome  contrast  to  the  paucity  of 
the  records  from  the  underlying  Triassic  strata.  From  Virginia  and  adjacent 
districts  in  the  United  States  a  rich  flora  has  been  described,  which  by  some 
authors  is  assigned  to  the  Eeuper  or  Upper  Triassic  series,  while  others  class  it 
as  Rhtttic.  A  similar  assemblage  of  plants  is  known  also  from  the  Lettenkohle 
beds  of  Austria,  which ^  as  Stur  has  shown,  clearly  belong  to  the  same  period  of 
vegetation  as  the  American  flora.  We  need  not,  however,  concern  ourselves  with 
discussions  as  to  the  precise  stratigraphical  position  of  these  American  and  Euro- 
pean plant-beds,  but  may  conveniently  group  together  floras  of  Upper  Triassic 
and  Rhietic  age  since  they  exhibit  but  minor  diflerences  from  one  another.  Plants 
of  Upper  Triassic  or  Rhietic  age  are  known  from  Scania  and  Franconia  in  Europe, 
Virgmia  and  elsewhere  in  North  America,  Honduras,  Tonkin,  Australia,  South 
Africa,  Chili,  and  other  parts  of  the  world. 

The  geographical  distribution  of  plants  of  approximately  Rhietic  age  is  shown 
in  the  following  table  on  p.  888,  which  demonstrates  an  almost  worldwide  range  of  a 
vegetation  of  umform  character.  The  character  of  the  plant-  world  is  entirely  difltsrent 
from  that  which  we  have  described  in  speaking  of  the  Pala3ozoic  floras.  Gymno- 
sperms  have  ousted  Vascular  Cryptogams  from  their  position  of  superiority; 
ferns,  indeed,  are  still  very  abundant,  but  they  have  undergone  many  and  striking 
ehanges,  notably  in  the  much  smaller  representation  of  the  MarattiacesB.  The 
Palaeozoic  Lycopods  and  Calamites  have  gone,  and  in  their  place  we  have  a 
wealth  of  Cycadean  and  Coniferous  types.  As  we  ascend  to  the  Jurassic  plant- 
beds  the  change  in  the  vegetation  is  comparatively  slight,  and  the  same  persistence 
of  a  well-marked  type  of  vegetation  extends  into  the  Wealden  period.  It  is  a 
remarkable  fact  that  after  the  Palaeozoic  floras  had  been  replaced  by  those  of  the 
Mesozoic  era,  the  vegetation  maintained  a  striking  uniformity  of  character,  from 
the  close  of  the  Triassic  up  to  the  dawn  of  the  Cretaceous  era.  This  statement  is 
open  to  misconception ;  I  do  not  wish  to  convey  the  idea  that  a  palaeobotanist 
would  be  unable  to  discriminate  between  floras  from  Rhaetic  and  Wealden  rocks ; 
but  I  wish  to  emphasise  the  fact  that  in  spite  of  specific,  and  to  a  lees  extent  of 
generic,  peculiarities,  which  equable  us  to  determine,  within  narrow  limits,  the  age 
of  a  Mesozoic  flora,  the  main  features  of  the  vegetation  remained  the  same  through 
a  long  succession  of  ages.  The  accompanying  tables  (pp.  839,  840)  illustrate  the 
geographical  distribution  of  some  of  the  leading  types  of  Mesozoic  plants  during 
the  Jurassic  and  Wealden  periods,  and  demonstrate  not  only  the  striking  diflerences 
between  the  Mesozoic  and  Palaeozoic  floras,  but  also  the  much  greater  uniformity 
in  the  vegetation  of  the  world  during  the  Secondary  era  than  in  the  preceding 
Permo-OtoboDiferons  epoch. 

Mesozoic  Florets. 

It  may  be  of  interest  to  glance  at  some  of  the  leading  types  of  Mesozoic  floras 
with  a  view  to  comparing  them  with  their  modem  representatives.  We  are  so 
familiar  with  the  present  positidn  of  the*  flowering  plants  in  the  vegetation  of  the 
world,  that  it  is  difficult  for  us  to  form  a  conception  of  a  stato  of  things  in  the 
history  ofthe  plant-kiilgdom  in  Which*  Angiosperms  had  no  part. 

a.  Conifers, 

How  may  we  describe  the  characteristic  features  of  Rhaetic  and  Jurassic 
floras?  Qymnoeperms,  so  far  as  we  know,  marked  the  highest  level  of  plant- 
evolution.  Coniiers  were  abundant,  but  the  majority  were  not  members  or  that 
ffroup  to  which  the  beet  known  and  moat  widely  distributed  modem  forms 
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A  comparison  of  fossil  and  recent  conifers  is  rendered  difficult  by  the  lack  of 
is  factory  evidence  as  to  the  systematic  position  of  many  of  the  commoner  t^rpes 
tt  ^w^itb  in  Meaozoio  rocks.  There  are,  however,  certain  broad  generalisations 
lich  -we  are  justified  in  making;  such  genera  aa  the  Pinee,  Firs,  Larchee,  and 
lier  members  of  the  Abietinese  appear  to  have  occupi^  a  subordinate  position 
Ting  the  Triassic  and  Jurassic  eras ;  it  is  among  the  relics  of  Wealden  and 
>wer  Cretaceous  floras  that  cones  and  vegetative  shoots  like  those  of  recent  Pines 
cur  for  the  first  time  in  a  position  of  importance.  There  are  several  Mesozoic 
^nifers  to  which  such  artincial  designations  as  PagiophyUumy  Brachyphyllum, 
id  others  have  been  assigned,  which  cannot  be  referred  with  certainty  to  a  par- 
mi  ar  section  of  the  Coniferss;  these  forms,  however,  exhibit  distinct  mdications 

a  close  relationship  with  the  Araucariese,  represented  in  modem  floras  by 
r€xticaria  and  Agathis.  The  abundance  of  cones  in  Jurassic  strata  showing  the 
laxacteristic  features  of  those  of  recent  species  of  Araucaria  affords  trustworthy 
ridence  as  to  the  antiquity  of  the  AraucariesB  and  demonstrates  their  wide  geo- 
rapbical  distribution  during  the  Mesozoic  era.  At  the  present  day  the  Araiica- 
Le^B  comprise  the  two  genera  Aravcaria  and  Agathis^  the  former  including  ten 
pecicw  occurring  in  South  America  and  Australia,  and  the  latter  comprising  four 
oecies  which  flourish  in  the  Malay  Archipelago,  New  Zealand,  the  Philippines, 
torth-Gast  Australia,  and  elsewhere.  Sir  William  Thiselton-Dyer  pointed  out, 
A  a  lecture  on  plant-distribution,  delivered  in  1878,  that  the  g^enus  Araucaria 
ppears  t^  have  oeen  extinct  in  a  wild  state  north  of  the  Equator  since  the  Jurassic 
poch.  Additional  confirmation  of  the  important  status  of  this  section  of  the 
kmiferae  is  aflbrded  by  the  abundance  of  petrified  wood  exhibiting  Araucarian 
eaturesy  in  both  Jurassic  and  Wealden  rocKS.  There  is  good  reason  to  believe 
bat  the  well-known  Whitby  jet  was  formed  by  the  alteration  of  blocks  of  Arau- 
tarian  wood  drifted  from  forest-clad  dopes  overlooking  a  Jurassic  estuary  that 
)ccniiied  the  site  of  the  moors  and  headlands  of  North-East  Yorkshire.  Among 
'amiliar  Jurassic  genera,  mention  must  be  made  of  the  genus  Brachyphyllum, 
ncludiziff  species  referred  by  some  authors  to  Athrotaxites,  represented  by  frag- 
[nenta  of  leafy  twigs  and  branches  bearing  a  striking  resemblance  to  those  of  the 
solated  Tasmanian  ffenus  Athrotaxis.  Omitting  further  reference  to  the  various 
indications  aflbrded  by  a  study  of  Mesozoic  Conifers  as  to  the  former  extension  of 
many  of  the  more  isolated  recent  types,  we  may  present  in  a  tabular  form  an 
Bpitome  of  the  past  and  present  range  of  the  Araucariese : — 

OeograpMcal  Distribution  of  Past  and  Present  Aratjcabie^. 
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b.  Q/oads, 

One  of  the  most  striking  features  of  the  Meeozoic  T^etation  is  the  ahondiDn 
and  wide  distribution  of  Cjcadean  plants.  To-day  the  Gjcads  or  Sago-Pftlmm 
represented  by  ten  genera  and  about  eighty  speeies ;  they  are  plants  which  ompr 
a  subordinate  position  in  modem  floras,  and  occur  for  the  most  part  ts  loGtiiT 
types  in  tropical  latitudes,  never  growing  together  in  sufficiently  large  nnmbaiii) 
constitute  a  dominant  feature  in  the  vegetation.  Oycads  have  long  attnded 
attention  as  exhibiting  morphological  features  of  conaderable  interest  Dmii; 
the  last  few  years  the  work  of  Ikeno,  Webbco*,  and  Lang  has  shown  ns  ihit  tb 

Sollen  of  Ci/cas,  Zamia^  Stttnfferia,  and  probably  of  the  other  recent  gaien,|n> 
uce  spirally  ciliated  motile  spermatozoids,  the  type  of  nude  cell  prerioudy  regvU 
as  constituting  one  of  the  well-defined  distinctions  between  the  V ascnlsr  Crjpto- 
gams  and  the  Seed-bearing  plants.  The  study  of  Paleeozoie  plants  has  done  em 
more  to  break  down  the  artificial  barrier  between  Oycads  and  Vascular  Ciyft»> 
gams,  by  demonstrating  beyond  all  reasonable  doubt  that  our  modern  Crei^ 
represent  a  small  group  of  survivals  descended  from  ancestors  common  to  Aea* 
selves  and  the  ferns.  Oycadean  plants  must  have  been  among  the  coaunovtf 
members  of  Mesozoic  floras.  Before  the  end  of  the  Palceozoic  era  there  exiited 
plants  bearing  pinnate  fronds  similar  to  those  of  recent  species  of  Oycsdsoee,  nd 
in  succeeding  ages  the  group  rapidly  increased  in  number  and  variety  tiD,  in  the 
Jurassic  and  the  early  Cretaceous  periods,  the  Oycads  asserted  their  sapeiianl^ii 
the  leading  typje  of  vegetation.  The  majority  of  Mesozoic  Oycadean  froodf  oi 
assigned  to  artificial  or  form-genera  as  an  indication  of  our  ignorsnce  of  tbtf 
reproductive  organs,  or  of  the  anatomical  structure  of  their  stems.  As  PrafiMf 
Nathorst  has  recently  suggested,  it  is  convenient  to  speak  of  these  Cycsdea 
remains  as  belonging  to  the  group  Oycadophyta.  On  the  other  hand,  ve  fal 
numerous  petrified  stems  bearing  well-preserved  reproductive  organs  whidi  emUi 
us  to  compare  the  extinct  with  the  existing  species.  We  are  in  poeeesiioB  d 
enough  facts  to  justify  the  statement  that  the  majority  of  Mesozoic  Cyca^  kn 
reproductive  oi^gans  which  difiered  in  important  morphological  charaeten  fio 
those  of  existing  forms.  The  researches  of  Williamson,  OarrutiterSy  Soli!' 
Laubach,  lignier,  and  others,  have  revealed  the  existence  of  a  lirge grot^tf 
Oycadean  plants — known  as  the  Bennettiteee — almost  identical  in  hahit  witii  moden 
sago-palms,  but  distinguished  by  the  complexity  of  thdr  reprodnctife  AffM. 
The  BennettitesB,  originally  founded  on  a  petrified  stem  discovered  mm  ti|i> 
fifty  years  ago  in  the  Isle  of  Wight,  andrepreeented  by  another  foeail  wbd 
Oarruthers  made  the  type  of  a  new  genus,  WtUuxmsoma^  in  1870,i)OSSOosedstM^ 
stem,  clothed  with  an  armour  of  persistent  leaf-bases  and  beuinff  a  crowi « 
pinnate  fronds,  as  in  most  modern  Oycads ;  but  their  flowers,  whidi  were  bov 
on  lateral  shoots,  were  more  highly  specialised  than  those  of  the  true  (>feidi> 
While  most  of  the  Meeozoic  Oycads  were  no  doubt  members  of  the  BemienttBf 
others  appear  to  have  possessed  reproductive  organs  like  those  of  recent  speeia 
The  Bennettiteee  belong  to  that  vast  army  of  plants  that  succumbed  in  the  M^ 
for  existence  seons  before  the  dawn  of  the  Recent  period.  The  other  section  ot  tk 
Oycadophyta,  the  Oycadscess,  still  lingers  on  as  one  of  the  select  hsad  vhflff 
present  insignificance  constitutes  a  badge  of  ancient  lineage,  and  a  fiont  RAedKa 
of  past  supremacy.  , 

The  wealth  of  Oycadean  vegetation  during  the  latter  nart  of  the  Junnie  «■ 
the  earlier  stages  of  the  Oretaceous  periods  is  admirably  illustrated  b?  ^^ 
covery  in  the  Black  Hills  of  North  Amerk»,  and  in  other  districts  of  w  UnW 
States,  of  hundreds  of  silicified  trunks  of  Oycadean  plants.  The  first  diKOWiT  « 
petrified  Oycadean  stems  in  America  was  miade  by  Tyson  in  1869,  who  foand  *■• 
specimens  m  the  Potomac  beds  of  Maryland ;  since  then  more  than  700  ti^ 
remnants  of  a  vast  Oycadean  forest,  have  been  obtained  from  the  Blad  Bvi 
alone.  The  investigations  of  Mr.  Wieland,  of  Yale,  who  has  been  eogigeA  ^^ 
some  time  on  the  examination  of  this  rich  material,  have  already  revealed  thev 
that  in  some  of  the  Bennettiteee  the  male  and  female  orj^ans  were  bopeinsgg 
flower,  the  female  portion  having  a  structure  identical  with  that  jtervm^ 

Digitized  by  CjOOQIC 


TRANSACTIONS  OF  SECTION  K. 


848 


eaoibed  from  Earopeui  stoma,  while  the  male  flowen  bear  a  doae  reaemUaooe 
0  tlie  ftirtile  ftooda  of  a  Marattiaoeoiis  fern.  We  have  watched  the  progroBS  of 
fr.  Wielaiid'a  xeeearehea  with  keen  interest  and  look  forwaid  to  farther  important 
.evelopmentB.  With  some  of  us,  indeed,  the  feelings  of  the  ideal  student  of 
cienoe  are  in  danger  of  being  overshadowed  by  a  sensation  akin  to  enTT  and  a 
ledre  to  inyade  Americanterritory. 


c.  OinkgoaJe$» 

Before  leaving  Uie  G^ymnosperms  a  word  most  be  said  about  another  section — 
he  G4nlu;oale8 — ^represented  by  the  Maidenhair-tree  of  China  and  Japan.  OmJ^ 
or  SaUmwria)  bikba  has  almost,  if  not  quite,  ceased  to  exist  in  an  absolutely  wild 
tate,  bat  as  a  cultiyated  tree  it  has  now  become  funiliar  both  in  America  and 
Siirope.  The  living  Maidenhair-tree  is  in  truth  an  anachronism,  a  solitary  rem- 
laiit  that  brings  us  into  touch  with  a  yanished  world  and  appears  as  an  alien 
inMmg  its  modem  associates.  The  abundance  of  fossil  leaves,  luce  those  of  Ginkgo 
^Hoba^  and  of  other  slightly  different  forms  referred  to  the  genus  Baieraf  associated 
lot  infrequently  with  remains  of  male  and  female  flowers,  demonstrates  the 
ibt^uitous  character  of  the  Ginkgoales  during  the  Rhetic,  Jurassic,  and  Wealden 
lenods.  In  the  Jurassic  shales  of  the  Yorkshire  Coast,  G^miX^o  and  ^dMra  leaves 
locur  in  plenty,  some  of  them  ^aotically  identical  with  those  of  the  existing 
(pedes.  The  abundanee  of  foeol  Ginkgoales  in  other  parts  of  the  woild — ^in 
Australia,  South  Africa,  South  America,  China,  Japan,  North  America,  Green- 
and,  Erans  Josefs  Land,  Siberia,  and  throughout  Europe — demonstrates  the  former 
rigour  of  this  class  of  plants,  of  which  but  one  member  survives.  This  type  of 
^ymnoeperm  is  distinctly  foreshadowed  in  tb^  Paleeozoic  ve^tation,  and  as  recently 
IS  the  Eocene  period  a  species  of  Oinkfo,  indistinguishable  m  the  form  of  its  leaves 
rom  the  living  Maidenhaiivtree,  floundied  in  Western  Scotland. 

The  accompanying  table  of  distribution  dbows  how  extensive  was  the  range  of 
he  Ginkgoales  in  the  Mesosmc  era — both  geogiaphically  and  stratigraphically. 


Geographical  Distribution  of  the  Guteooalbs. 
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d.  I^Bme, 

Although  manv  of  the  Mesozoic  ferns  are  preserved  only  in  the  form  of  sterile 
fronds  and  are  of  uttle  botanical  interest,  several  examples  of  fertile  leaves  are 
known  which  it  is  possible  to  compare  with  modern  types.    The  Polypodiacessy 
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representiiig  the  dominant  family  of  recent  ferns,  are  met  with  in  neariy  all  paria 
of  the  world  and  poMesa  the  attrihutea  of  a  groap  of  plants  at  the  aanitb  of  ila 
pcoaperity.  We  maj  oonSdentl^  state  that  ao  far  as  the  somewhat  iaeagi» 
eridenoe  allows  us  to  form  an  ojnnion,  this  fSunilj  ooenpied  a  subordinate  poahioa  in 
the  oompontion  of  Mesosoic  floras.  Polvpodiaceoas  sporangia  hare  been  met  widi 
in  PaliBosoic  rocks^  and  their  existence  during  the  Mesozoic  period  is  not  merelj  a 
justifiable  assumption,  but  is  demonstrated  bj  the  occurrence  of  undoubted  species 
of  Polypodiaceas.  It  seems  clear,  however,  that  this  family  did  not  attain  to  a 
position  of  importance  until  the  Mesozoic  vegetation  gave  place  to  that  whidi 
characterises  tne  present  period.  The  Osmundacess  are  now  represented  bj  five 
species  of  Todea  and  four  of  0$munda ;  Todea  barbara  occurs  in  South  Africa, 
Australia,  Tasmania,  and  New  Zealand,  the  other  species  are  all  filmy  fema  and 
occur  in  New  Zealand,  New  South  Wales,  New  Caledonia.  Samoa,  and  in  a  few  other 
southern  regions.  The  genus  (kmunda  has  a  wider  range,  occurring  in  Europe, 
Asia,  North  America,  hidia,  Japan,  Southern  China,  Java,  South  Africa,  toA 
other  parts  of  the  world.  During  the  Rhetic  and  Jurassic  periods  the  Oamundacess 
flourished  over  the  greater  |iart  of  Eutojm  ;  their  remains  have  been  recoirded  from 
England,  Germany,  Scandinavia,  Russia,  Poland,  Siberia,  and  Greenland,  also 
from  North  Amenoa,  Persia,  and  China. 

SimilarijT  the  SchiMsacesB,  a  family  now  reprseented  by  a  few  genera  in  Jn&^ 
North  America,  South  America,  Africa,  Australia,  Japan,  China,  and  daewhera, 
were  among  the  more  abundant  ferns  in  the  Jurassic  vegetation.  The  Cyatheaoes, 
a  family  that  is  now  for  the  most  part  confined  to  the  tropca,  constituted  aaotiber 
rigorous  and  widely  spread  section  in  the  Jurassic  period;  we  find  them  ia 
Jurassic  rocks  of  Victoria,  as  well  as  in  several  regions  m  Europe,  North  Amarica 
and  the  Arctic  ngions. 

The  fertile  fW>nds  oi  many  of  the  fossil  Cyatheaoess  bear  a  striking  reaemblaiiee 
to  that  isolated  survivor  of  the  family  in  Juan  Femaades — TkmopeeHg  eleipmtu. 
It  is  true  that  a  considerable  number  of  ferns  of  Jurassic  and  Wealden  age  have 
been  described  by  the  generic  name  Thynopteris  without  any  adequate  reason ; 
but,  neglecting  aU  doubtful  forms,  there  remain  several  types  represented  in  the 
Juraasic  flora  of  Siberia,  England,  and  other  parts  of  the  world,  which  enable  oi 
to  refer  them  with  confidence  to  the  Cyatheaoeas  and  to  compare  them  more 
particularly  vrith  the  sole  existing  species  of  Thyr9opter%$,  The  GleichenlaoesB,  at 
pesent  characteristic  of  tropical  and  southern  countries,  were  undoubtedly  abundant 
m  the  northern  hemisphere  in  early  Cretaceous  days ;  abundant  tracea  of  this 
fiunily  are  recorded  from  Greenland  as  well  as  frcon  more  southern  Europeao 
latitudes. 

One  of  the  most  striking  fects  afforded  by  a  study  of  the  MeaoxcMe  fen 
rotation  is  the  former  extension  and  vigorous  development  of  two  familiea,  the 
Dipteridine  and  Matoniness,  which  are  now  confined  to  a  few  tropcal  regiona  and 
represented  by  six  species.  The  tall  graceful  fronds  of  Matonia  feetmata, 
forming  miniature  forests  on  the  slopes  of  Mount  Ophir  and  other  distncta  in  Uis 
Malay  Peninsula  in  association  with  DipUrit  ctn^ugata  and  DipUri$  XoMasaa, 
reprsaent  a  phase  of  Mesosoic  life  which  survires — 

'  Like  a  dim  picture  d  the  drowned  past.' 

The  fertile  fragment  of  a  frond  of  Mattmidium  exposed  by  a  stroke  of  the 
hammer  in  a  ]^eoe  of  iron-etained  limestone  picked  up  on  the  beach  at  Haibura 
Wyke  (a  few  miles  north  of  Scarborou^),  is  nardly  distinguishable  from  a  pinna 
of  the  Malayan  Matonia  pectinata,  Khsetic  and  Jurassic  ferns  referred  to  Uie 
genus  Laoeopteris  afibrd  other  examples  of  the  abundance  of  the  Blatoninesd  in  the 
northern  hraiisphere  during  the  earlier  part  of  the  Mesozoic  era. 

The  modem  ffenus  DtpUris,  with  its  four  species  occurring  in  India,  the 
Malayan  reffion,  Formosa,  Fiji,  and  New  Caledonia,  stands  apart  fWmi  the  great 
majority  of  Polypodiaceous  ferns,  and  is  now  placed  in  a  separate  fkmily — ihb 
Dipteridinae.  Like  Matenia  it  is  essentially  an  ancient  and  moribund  type  with 
hosts  of  ancestors  included  in  such  Rhaetic  and  Jurassic  genera  as  Dict^^^lhm^ 
CamptopterUf  and  others  which  must  have  hcMi  among  tiie  most  oootpicuoos  and 
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vigonms  mraiben  of  tlie  Mesoioie  veffetodon.    The  appended  table  iUustrates  in 
a  conciM  fonn  the  former  extension  of  the  Matoninesd  and  DipteridinaB : — 

Geographical  Distribution  qf  the  Mat(mine€B  and  Dipteridina* 
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Gould  we  but  question  these  surrivors  from  the  past,  we  should  hear  a  tragic 
story  of  hopeless  struggle  sgainst  stronger  competitors,  snd  lesrn  the  history  of 
their  gradual  migration  from  an  ancient  northern  home  to  regions  at  the  other 
end  of  the  world. 

e.  Flowering  Plants. 

Our  retrospect  of  the  march  of  plant-life  has  so  far  extended  to  the  dawn  of 
the  Cretaceous  period,  a  chapter  in  ^logical  histoiy  written  in  the  rocks  that 
constitute  Uie  Wealden  series  of  Britain  exposed  in  the  Sussex  cliffs  and  in  the 
Weald  district  of  south-east  England.  According  to  the  geologist's  reckoning, 
the  Cretaceous  period  is  of  compaiatiTebr  modem  date ;  it  occupies  a  position 
near  the  summit  of  a  long  succession  of  ages  representing  an  amount  of  time 
beyond  the  power  of  imagination  to  conceive.  On  the  other  hand,  to  quote  from 
Huxley's  lecture  on  a  piece  of  chalk, '  not  one  of  the  present  great  physical  features 
of  the  globe  was  in  existence.  .  .  •  Our  great  mountain*ranges,  Pyrenees,  Alps, 
Himalayas,  Andes,  have  all  been  upheaved  since  the  chalk  was  deposited,  and  tne 
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OreCMeons  tea  flowed  orer  the  tiles  of  Siiuu  and  Anoat.'  'Aiis  OvoUeeoHS  i^oeki 
80  recent  gwdogieallj  if  meMoied  by  the  standard  of  the  antiquity  of  the  eTsr- 
lasting  hiUs,  has  a  remoteness  bejond  our  power  to  appreciate. 

One  interesting  U4St  as  regards  the  composition  of  the  Jnrassic  Flora  is  the 
absence  of  any  pluits  that  can  reasonably  be  identified  as  Angiosperms.  In  the 
Wealden  flora  of  England  no  yesdffe  of  an  Angiosperm  has  lieen  fomnd ;  this 
statement  holds  good  abo  as  regards  wealden  floras  in  most  other  regions  of  the 
world.  On  the  other  hand,  as  soon  as  we  ascend  to  strata  of  sUghtlj  mose  reooit 
age  we  are  confronted  with  a  new  element  in  the  vegetation,  wmch  with  amaging 
rigidity  assmnes  the  leading  rdle.  It  is  impossible  to  say  with  Confidence  at  what 
precise  period  of  geobgicaf  history  the  Angiosperms  i^peared.  When  the  rocks 
that  now  form  the  undulating  country  of  Uie  Weald  were  being  accumulated  as 
riTer>bome  sediments  on  the  floor  of  an  estuary,  this  crowning  act  in  the  drama 
of  plant  evolution  was  probably  being  enacted. 

<  Nothing/  wrote  Dflurwin  to  Sir  Joeepli  Hooker  in  1881, '  is  more  extraordinary 
in  the  history  of  the  vegetable  kingdom,  as  it  seems  to  me,  than  the  apparently 
very  sudden  or  alarupt  development  of  the  higgler  plants.  I  have  sometimes 
speculated  whether  there  did  not  exist  some^^re  during  long  ages  an  eztremdy 
isolated  continent,  perhaps  near  the  South  Pole.'  We  date  the  appearanoe  of  a 
new  product  of  evolution  from  the  age  of  the  strata  in  which  it  first  occurs :  but 
this  may  well  be  a  misleading  criterion :  all  that  we  can  say  is  that  at  a  particular 
period  certain  new  types  of  organisms  are  brought  within  our  ken. 

To  quote  Darwin  again:  <We  cootinualfy  forget  how  large  the  world  is, 
compared  with  the  area  over  which  our  geological  formations  have  been  carefdllv 
examined ;  we  forget  that  groups  of  snedes  may  somewhere  have  lonf  existed, 
and  have  slowly  multiplira,  before  tney  invaded  the  ancient  archipdagoes  of 
Europe  and  the  United  States.  We  do  not  make  due  allowance  fi>r  the  intervals 
of  time  which  have  elapsed  between  our  consecutive  formations,  longer,  per- 
hapsy  in  many  cases  than  the  time  required  for  the  accumulation  of  each  forma- 
tion.' 

On  another  occasion  Darwin  wrote  to  his  friend  Hooker :  'The  rapid  develop- 
ment, as  far  as  we  can  judge,  of  all  the  higher  plants  within  recent  geological 
times  is  an  abominable  mystery.'  Such  evidence  as  we  possess,  meagre  as  it 
admittedly  is,  shows  that  Hhis  overshadowing  type  of  plantr-life'  no  eooner 
appeared  than  it  asserted  itself  with  extraordinary  vigour  and  created  a  revolu- 
tion in  the  plant-world.  Let  us  glance  for  a  moment  at  the  facts  to  be  gleaned 
from  an  examination  of  the  records  of  this  critical  period  in  the  histoiy  of  vegeta- 
tion. 

I  have  already  pointed  out  that  we  have  as  yet  recognised  no  An^osperms  in 
the  Wealden  floras  of  England,  Spitsbergen,  Qermany,  rVance,  Austna,  Belgium, 
Kussia,  and  Japan ;  but  from  plant-bearing  rocks  of  Jrortugal,  regarded  as  homo- 
taxial  with  those  which  Britbh  geologists  speak  of  as  Wealden,  the  late  Marquis 
of  Saporta  named  a  fragment  of  a  leaf  Alimuudtes  primavus,  a  determination  that, 
while  possibly  correct,  cannot  be  accepted  as  conclusive  testimony.  In  Virginia 
and  Maryland  there  occurs  a  thick  series  of  strata  known  as  the  Potomac  forma- 
tion from  which  a  rich  harvest  of  plant-remains  has  bden  obtained.  Professor 
Lester  Ward  has  recently  shown  that  under  this  title  are  included  several  floras, 
some  of  which  are  undoubtedly  homotaxial  with  the  Wealden  of  Europe,  while 
others  represent  the  vegetation  of  a  later  phase  of  the  Cretaceous  era.  From  the 
older  Potomac  beds  a  few  leaves  have  been  assigned  to  Dicotyledons  and  re£nred 
to  such  genera  as  FicophyUum,  Myrioaj  Prot^^h/Uum,taid  others.  Some  of  these 
may  weU  be  small  fronds  of  ferns  with  venation  characters  like  thoee  of  the  Elk's 
Horn  fern  (Platycerium),  while  others,  though  presenting  a  dose  resemUance  to 
Dicotyledonous  leaves,  afibrd  insuffident  data  for  accurate  generic  identification. 
In  dealing  with  fossil  leaves  of  the  dicotyledonous  type,  we  must  not  foiget  that 
th^  recent  genus  €fnetum—h  ^mnosperm  of  the  section  Gnetalee— possesses  leaves 
that  ma}r  be  said  to  be  indistinguishable  in  form  and  venation  from  tbose  of 
certain  Dicotyledons.  Before  the  dose  of  the  Potomac  period  Uiese  few  fragmen- 
taty  lelios  of  possible  Dicotyledons  are  replaced  by  a  comparatijr^  abundaoca  of 
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-flOecimens  which  must  be  accepted  as  undoubted  Angiosperms.  Previous  to  the 
discovery  of  the  supposed  Angiospenns  in  Wealden  strata  of  Portupd  and  North 
America,  the  earliest  record  of  an  Angioeperm  was  represented  by  Heer's  Populus 
'pnnuBva  from  Nortiiem  Greenland.  This  name  was  applied  to  a  fragmentary 
specimen  which  may  be  a  true  dicotyledonous  leaf.  In  1897  Dr.  White,  of  the 
Geoloffical  Survey  of  the  United  States,  stated  that  additional  examples  of 
dicot^edonous  leaves  had  been  obtained  during  the  visit  of  the  Peary  Arctic 
exp€mtion  to  the  weU -known  locality  in  Greenland  where  Heer's  Populns 
prtmava  was  discovered  in  the  so-called  Kome  series.  From  strata  known  as  the 
Atane  beds,  which  rest  on  the  Kome  series,  immistakable  Angiosperms  have 
been  collected  in  abundance. 

Another  indication  of  the  sudden  increase  in  the  number  of  dicotyledons  is 
furnished  by  the  Dakota  flora  of  the  United  States — in  age  somewhat  more  recent 
than  the  older  Potomac  beds.  In  these  plant-beds  it  is  stated  that  Angiosperms 
constitute  two-thirds  of  the  vegetation. 

We  may  sum  up  the  whole  matter  in  a  few  words.  There  is  some  evidence  of 
the  existence  of  Angiosperms  before  the  close  of  the  Wealden  period.  It  may  be 
added  that  the  Stonesfield  Slate  of  England  (a  formation  of  approximately  the 
same  age  as  the  Inferior  Ck>lite  plant-beds  of  Yorkshire^  has  afforded  a  single 
specimen  of  a  leaf  which  in  form  and  venation  has  as  much  claim  to  bo  referred  to 
the  dicotyledons  as  many  of  the  leaves  from  Wealden  rocks.  These  earliest  records 
are,  however,  unsatisfactory,  and  the  names  assigned  to  them  are  often  misleading. 
As  soon  as  we  ascend  a  stage  higher  in  the  geological  series,  not  only  do  the 
Angiosperms  at  once  become  abundant,  but  the  whole  fades  of  the  vegetation 
undergoes  a  striking  chan^.  The  Gymnosperms,  especially  the  Oycads,  are  ousted 
from  a  supremacy  maintained  through  countless  ages,  and  the  vegetation  becomea 
essentially  modem.  Many  of  the  earlier  angiospermous  plants  may  be  referred  to 
existing  genera  and  present  no  features  of  special  interest  from  a  phylogenetic 
standpoint. 

One  of  our  most  pressinjg  needs  is  a  thoroughly  critical  revision  of  the  late 
Cretaceous  and  earlier  Tertiary  floras,  with  the  object  both  of  determining  the 
systematic  position  of  the  older  Angiosperms  and  of  mapping  out  with  greater 
accuracy  the  geographical  distribution  of  the  floras  of  the  world  in  post- Wealden 
periods.  This  is  a  task  which  is  sometimes  said  to  be  impossible  or  hardly  worth 
the  attempt ;  the  available  evidence  is  indeed  meagre,  and  much  of  it  has  been 
treated  with  more  respect  than  it  deserves,  but  it  is  at  least  a  praiseworthy  aim, 
not  to  say  a  duty,  to  take  stock  of  our  material  and  to  compile  lists  of  plants  that 
may  bear  the  scrutiny  of  experienced  systematists.  We  are  profoundfy  ignorant 
of  the  means  by  which  Nature  produced  this  new  creation ;  we  can  only  empha- 
sise the  fact  that  in  the  early  days  of  the  Cretaceous  era  a  new  type  was  evolved 
which  no  sooner  appeared  than  it  swept  all  before  it,  and  by  its  overmastering 
superiority  convertea  the  past  into  the  present 

Concliision, 

In  conclusion,  I  would  urge  the  importance  of  taking  stock  of  our  accumulated 
facts,  and  of  so  recording  our  observations  that  they  may  be  safely  laid  under 
contribution  as  aids  to  broad  generalisations.  Detailed  descriptions  and  the 
enumeration  of  small  collections  are  a  necessity,  but  there  is  danger  of  the  student 
neglecting  the  application  of  his  results  to  problems  of  far-reaching  import. 
We  may  borrow  a  saying  of  a  great  artist  in  regard  to  attention  to  detail — 
'  I  see  it,  but  I  prefer  to  construct  the  synthesis.' 

There  is  no  more  fascinating  task  than  to  follow  the  onward  march  of  the 
plant-world  from  one  stage  to  another  and  to  watch  the  fortunes  of  the  ad- 
yancing  army.  We  see  from  time  to  time  war-worn  veterans  dropping  from  the 
ranks,  and  note  the  constant  addition  of  recruits,  some  of  whom  march  but  a  short 
distance  and  fall  by  the  way ;  while  others,  better  equipped,  rise  to  a  position  of 
importance. 

At  long  intervals  the  formation  is  altered  and  the  constitution  of  the  advancing 
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and  increaaing  boat  is  suddenlj  chaoged ;  familiar  leaders  are  superseded  by  new* 
oomars  who  mark  their  advent  by  drastic  reorganisation.  To  change  the  metaphor, 
we  may  compare  the  stages  of  plant-evolution  to  the  r^^cords  of  changiiw 
architectural  styles  represented  in  Gothic  buildings.  The  simple  Norman  ara 
and  massive  pier  are  replaced^  with  apparent  suddenness,  by  the  pointed  ardi  and 
detached  shaus  of  the  thirteenth  century ;  the  latter  style,  which  marked  an 
architectural  phase  characterised  by  local  variations  subordinated  to  a  unifoimitf 
in  essential  features,  was  replaced  by  oue  in  which  simplicity  was  superseded  by 
elaboration,  and  new  elements  were  added  leading  to  greater  complexity  and 
a  modification  of  plan.  Similarly  the  Palsdozoic  fiicies  of  vegetation  passes  with 
almost  startling  suddenness  into  that  which  monopolised  the  world  in  the 
Mesosoic  era,  and  was  in  turn  superseded  bj  the  more  nimbly  elaborated  and  \em 
homogeneous  vegetation  of  the  Cretaceous  and  Tertiary  periods.  In  taking  a  8uper> 
ficial  view  of  architectural  styles  we  are  apt  to  lose  sight  of  the  signs  of  gradual 
transition  by  which  one  period  parses  into  the  next ;  so,  too,  in  our  retrospect  of 
the  changing  scenes  which  mark  the  progress  of  plant-evolution,  we  easily  overlook 
the  intrcduction  of  new  types  and  the  gradual  substicutiou  of  new  for  old.  The 
invention  of  a  new  principle  in  the  construction  of  buildings  is  soon  fbllovred  by 
its  wkie  adoptbn ;  new  conceptioas  become  stereotyped,  and  in  a  comparadvely 
few  years  the  whole  style  is  altered.  As  a  new  and  successful  type  of  plant* 
architecture  is  produced  it  rapidly  comes  into  prominence  and  acts  as  the  most 
potent  factor  in  changing  the  fiicies  of  a  flora.  Making  due  allowancee  for  the 
imperfection  of  the  Geological  record,  we  cannot  escape  from  the  conelusioD, 
wmch  is  by  no  means  opposed  to  our  ideas  of  the  operation  of  the  laws  governing 
evolutionary  forces,  that  the  sute  of  equilibrium  m  the  vegetable  kingdom  was 
rudely  shaken  during  two  revolutionary  periods.  The  earlier  transitional  period 
occurred  when  Conifers  and  Cycads  became  firmly  established,  while  for  the 
second  revolution  the  introduction  of  the  Angiospermous  type  was  mainly 
responsible.  As  in  the  half-effaced  documents  accessible  to  the  student  oS 
arcnitecture  '  the  pedigrees  of  English  Gothic  can  still  be  recovered,*  so  also  we 
are  able  to  trace  in  the  registers  imprinted  on  the  rocks  the  genealogies  of  existing 
botanical  types. 

In  the  course  of  this  address  I  have  given  but  scant  attention  to  the  lessons 
we  have  learnt  and  are  still  to  learn  as  to  the  family-history  of  plants.  As 
Professor   Coulter   says:  'The  most  difficult  as  well  as  the  most  £Mcinating 

C'  ilem  in  connection  with  any  group  is  its  phylogeny.  The  data  upon  which  we 
opinions  concerning  phylogeny  are  never  sufficient,  but  such  opinions  usually 
stimulate  research  and  are  necessary  to  progress.' 

We  who  attempt  to  read  the  records  of  the  rocks  may  be  tempted  to  magnify 
the  importance  of  the  work,  but  I  do  not  hesitate  to  add  that  botanists  as  a  whok 
have  but  half  realised  the  fact  that  the  study  of  living  plants  alone  supplies  but 
a  portion  of  the  evidence  bearing  on  problems  of  plant-evolution.  To  ignore  the 
facts  that  may  be  gleaned  from  the  investigation  of  extinct  types  is  like  attempting 
to  draw  up  a  genealogy  by  merely  questioning  au  individual  without  consiutiQg 
the  documentary  evidence  of  registers  and  other  chronicles. 

Each  successive  stage  through  which  the  organic  world  has  passed  contains  some 
relics  of  a  preceding  age ;  in  comparing  the  chalk  with  the  calcareous  ooze  now 
accumulating  on  the  bc^  of  the  Atlantic,  Carpenter  expressed  the  partial  agreement 
between  the  two  depoats  by  saying  that  we  are  still  living  in  the  Cr^aoeoua 
period.  Dr.  Moore*s  recent  researches,  demonstrating  a  striking  resemblance 
between  many  of  the  molluscs  of  Lake  Tanganyika  and  fossils  preserved  in  the 
sediments  of  Jurassic  seas,  led  him  to  describe  some  constituents  of  the  fauna  of 
this  inland  lake  as  so  many  '  lingering  shadows  of  the  past,'  while  Tanganyika 
itself  is  a  dwindled  remnant  of  a  Mesozoic  sea.  Similarly  our  modem  vegetation 
differs  enormously  from  that  of  the  Mesozoic  era,  yet  in  the  sago-palms  of  the 
Topics  and  in  species  of  Malayan  ferns  we  recogmse  proofs  of  the  continuity  of 
plant-tvpes  through  successive  ages.  One  sta^  is  superseded  by  another,  but 
some  characteristic  elements  of  each  period  persist  into  the  next,  carrying  on  the 
traditions  of  the  past  and  demonstrating  th^  futility  of  our  system  of  cUasification 
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a  6j8tem  in  which  we  express  the  limitations  of  our  knowledjife,  as  we  suit  our 
convenience^  hy  dividing  into  periods  the  history  of  geological  and  organic 
eTolution* 

•It  is  only  our  ispiorance  that  fixes  a  limit,  as  the  mist  gathered  round  the 
mountain's  brow  mf£e6  us  fancy  we  are  treading  the  edge  of  the  universe.' 


The  following  Reports  and  Papers  were  read: — 

1.  Report  of  the  GominiUee  on  tl^e  Teaching  qf  Botany  in  Schools, 
See  Reports,  p.  420. 


2.  Report  of  the  Committee  on  the  Investigation  of  the  Cyaruyphycem, 
See  Reports,  p.  419. 


3.  Report  oft/ie  Committee  on  Botanical  PJt^tographs, 
See  Reports,  p.  416. 


4.  Report  of  the  Committee  on  the  Respiration  of  Plants, 


5.  The  Development  of  the  Ascocarp  in  Ryjyarobius, 
By  B.  T.  P.  Barker,  M.A. 

Pure  cultures  of  a  species  of  Ryparobius,  occasionally  found  on  wild-rabbit 
dung,  were  obtained  from  a  single  ascospore.  The  fungus  grows  yigorously  ou 
many  artificial  nutrient  media,  rabbit-dung,  carrot,  and  potato.  No  true  conidia 
are  formed,  reproduction  being  carried  on  by  ascospores.  'The  ascocarps  are 
usually  developed  in  old  cultures,  but  their  development  step  by  step  bas  been 
observed  under  the  microscope  in  hanging-drop  cultures  from  a  portion  of 
vigorously  growing  mycelium,  suddenly  starved  by  transference  from  beerwort  to 
distilled  water.  The  archicarp  consists  of  a  small  coiled  hypha,  the  ascogonium, 
and  a  slender  hypha,  arising  from  the  next  cell  of  the  mycelium,  and  growing 
over  to  the  tip  of  the  ascogonium,  which  appears  to  be  an  antheridial  branch. 
Fusion  probably  takes  place.  The  ascogonium  then  divides  into  a  number  of 
cells,  which  branch,  and  eventually  produce  a  varying  number  of  asci.  A  pseudo- 
parenchymatous  tissue  is  formed  around  the  ascogonium  by  the  growth  of 
investing  hyphse,  arisinjap  from  the  neighbouring  cells  of  the  hypha  which  bears 
the  arcmcarp.  This  tissue  forms  the  wall  of  the  ascocarp.  The  ascogonium 
appears  to  be  uninucleate  at  first,  and  immediately  after  contact  with  the  anthe- 
nmal  branch  contaios  two  nuclei,  either  situated  closely  together  or  apparently 
fusing.  Later  most  of  the  cells  of  the  system  of  hyphse,  developed  from  the 
ascogonium,  are  uninucleate,  but  some  contun  two  nuclei,  which  probably  fuse 
and  become  the  single  nucleus  of  a  young  ascus.  The  ascus  becomes  multi- 
nucleate, the  nuclei  arrange  themselves  just  oeneath  the  wall  of  the  ascus  in  the 
form  of  a  hollow  sphere,  and  the  ascopores  are  then  formed,  each  with  one  end 
pointing  towards  the  centre  and  the  other  towards  the  wall  of  the  ascus,  the 
arrangement  thus  being  radial.  Very  little  periplasm  is  present  in  the  zone  of 
spore  formation.  Associated  closely  with  the  single  nucleus  of  the  young  asciis 
is  a  structure  of  variable  shape  which  has  almost  as  strong  an  affinity  for  stains 
as  the  chromatin  of  the  nucleus  itself.    This  structure  appears  to  be  of  the 
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Dttnre  of  a  Tacaole  and  to  be  intimately  concerned  with  the  natntiQii  ci  die 
nuoleafi  which  at  this  time  ia  of  a  remarkably  large  size.  The  number  and  nn 
of  asci  in  the  aacocarpt  are  Y&rj  yariable.  Under  fayoorable  oonditionfi  ma  many 
as  fifty  have  been  counted,  while  in  other  instances  only  one  is  present.  Nutrttioa 
seems  to  be  the  principal  factor  in  this  Tariation.  The  walls  of  the  asd  are 
usually  thin,  but  aesiccation  causes  a  thickening,  in  some  cases  as  much  as  5  ^i. 
The  dehiscence  takes  place  by  a  small  cap  or  lid  at  the  apex  of  the  ascui, 
the  spores  being  collected  into  a  mass  in  this  region  and  expelled  explosiTely. 
The  spores  vary  in  number  and  in  sise  in  different  asci.  Normally  more  than 
two  hundred  are  found,  but  as  few  aa  sixteen  have  been  seen. 

These  results  point  to  a  close  relationship  between  the  genera  Ryparobiua  and 
Thdlebolusy  the  structure  of  the  arohicarp  in  the  species  here  described  being 
practically  identical  with  that  figured  by  Brefeld  for  the  latter  genus.  Hence  tbs 
position  of  Thelebolus  among  the  Hemiasci,  asserted  by  this  author,  is  inoorreot, 
and  it  must  be  regarded  as  a  true  Ascomycete. 


6.  Culture  Experiments  with  Biologic  Forma  of  the  ErysiphaoeaB. 
By  E.  S.  Salmon. 

Within  the  last  two  years  the  existence  of '  biologic  forms '  in  the  Erydpkacem 
has  been  definitely  proved.  The  special  restriction  of  infection-power  is  found  not 
only  in  the  conidud  {Oidium)  stage,  but  also  in  the  ascigerous  stage. 

In  the  present  paper  the  author  gives  the  results  of  experiments,  which  show 
that  the  infection-powers  of  the  eonidia  which  obtain  when  tminjured  growing 
leaves  of  a  plant  are  inoculated  become  altered  under  certain  cultural  conditions 
when  cut-off  leaves  are  used.  The  experiments  prove  that  under  the  above  con- 
ditions (a)  a  '  biologic  form '  which  in  nature  is  restricted  to  the  species  of  a 
certain  genus  of  host-plants  becomes  capable  of  infecting  species  belonging  to 
another  genus,  and  {b)  species  of  plants  which  are  immune  in  nature  are  able  to 
be  infected. 

Among  a  number  of  detailed  experiments  given  the  following  may  be  mentioned 
to  illustrate  the  above  ^ints :  (a)  The  eonidia  of  the  biologic  form  of  Brysifke 
GraminM  on  wheat,  which  has  been  repeatedly  proved  to  be  unable  to  in&ct 
barley  when  aown  pn  uniDJured  growing  leaves  of  the  latter,  proved  capable  of 
doing  so  when  sown  on  cut-off  leaves  im&r  certain  cultural  conditions.  (6)  The 
two  species  of  wheat,  Triticum  cUcoocum  and  T.  Tnonococcum,  are,  under  natural 
conditions,  immune  against  the  attacks  of  E,  Graminis.  Under  the  above- 
mentioned  method  of  culture,  however,  the  eonidia  of  ^.  Graminis  on  wheat  are  able 
to  infect  both  species,  producing  conidiophores  and  ripe  eonidia  in  six  to  seven 
days. 

The  author  considers  that  it  is  possible  that  in  this  change  of  in/ection-powen 
of  biologic  forms  of  parasitic  fungi  in  consequence  of  injury  to  the  host^lant  an 
explanation  may  be  found  of  the  sudden  appearance  of  disease  on  plants  hitherto 
immune.  Attacks  by  animals,  or  injury  by  rain,  frost,  &c.,  mav  produce  the  same 
change  in  the  leaf-cells  of  the  host-plant  as  that  brought  about  by  the  abo?§ 
method  of  culture,  and  consequently  render  susceptible  to  the  attacks  of  a  fungoi 
plants  otherwise  immune. 

7.   Willow-canker.    By  Professor  T.  Johnson,  2>.&.,  F.L.S. 

Considerable  damage  has  been  caused  by  a  canker  in  an  osier  holt  in  the  west 
of  Ireland.  The  bark  looks  burnt  and  blistered  at  the  canker-spot,  shows  black 
specks  breaking  through  it,  and  gradually  peels  off'  leaving  the  wood  exposed 
and  sometimes  shredded.  The  microscope  shows  abundant  mycdium  present  in 
the  pith  as  well  as  the  rest  of  the  shoot.  The  black  specks  are  the  perithecia 
of  Physalospora  (Botryospharia)  gregariay  Sacc.,  or  in  some  casee  the  pycnidia  of 
Jkndrophoma  Therryana,  Sacc.,  which  Saccardo  thinks  may  be  the  spermogouimi 
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stage  of  Physalospcra,  A  third  form  of  fongua-^a  Diplodina — closely  allied 
to  Diplodina  salicis,  Weet^  was  also  present.  Infection  experiments  were  also 
descrioed. 

8.  On  the  Occurrence  of  Ulva  latissima  cmd  Enteromorpha  compresga  in 
Setoage  JEffltients^  and  on  Variations  in  the  Composition  of  the  Tiaauea 
of  these  and  Allied  Seaweeds,     By  Professor  Letts,  D.Sc,^  Ph.D.^  and 

J.  S.  TOTTON,  BA, 

The  view  expressed  by  one  of  the  authors  in  ooi]Qunction  with  another  chemist,^ 
that  the  growth  of  U^a  latissima  in  quantity  in  a  given  locality  is  a  sign  of 
sewage  pouution,  has  received  remarkable  confirmation  by  the  occurrence  of  the 
seaweed  under  very  peculiar  circumstances. 

About  a  year  affo  it  was  observed  that  a  green  growth  had  made  its  appearance 
on  the  fragments  oi  brick  used  as  the  filling  material  in  one  of  the  experimental 
contact  b^Ls  (lower  series)  employed  in  the  purification  of  the  Belfast  sewage,  and 
that  this  growth  had  the  appearance  of  one  of  the  varieties  of  green  seaweed  at  an 
early  stage  of  development.  By  the  spring  of  the  present  year  the  surface  of  the 
contact  &d  had  become  dotted  with  patches  of  Ulva  latissima,  several  of  which 
were  a  foot  or  two  in  diameter,  and  the  fronds  of  the  seaweed  four  or  five  inches 
in  length. 

At  another  part  of  the  works,  the  sewage  after  treatment  (by  septic  tank  and 
subsequent  double  contact  with  filter  beds)  was  allowed  to  flow  into  a  shallow 
lagoon,  and  there  another  green  seaweed,  Enteromorpha  compressa,  developed  in 
abundance. 

The  authors  are  of  the  opinion  that  the  spores  of  these  two  species  of  AlgtB 
must  have  found  their  way  into  the  sewage  by  leakage  of  sea  water  into  the 
system — a  view  which  is  strongly  supported  by  the  high  proportion  of  chlorine 
present  in  the  sewage— -seventy  parts  per  100,000  beinj^  found  as  the  mean  of 
twelve  determinations,  whereas  ordinary  sewage  contams  only  from  six  to  ten 
parts. 

The  occurrence  of  these  seaweeds  under  the  conditions  stated  above  induced 
the  authors  to  study  the  chemical  composition  of  their  tissues  with  the  view  of 
ascertaining  to  what  extont  the  latter  would  be  modified  by  environment  or  food 
supply. 

The  following  somewhat  remarkable  results  have  been  obtained  with  the  care- 
fully washed  and  dried  seaweeds : — 

Percentage  Percentage 

of  Nitrogen  of  Ash 
Viva  latissima — 

From  the  sewage  contact  beds 8*94  9*41 

„     Belfest  Lough 618  1507 

„     Lame  Lough    .        .        .        .      \        .        .      3-01  2900 

Enteromorpha  oompressa —  • 

Growing  in  sewage  effluent 7*44  16*65 

„   Lame  Lough 1*96  28-60 

Ewtwomorpha  intsstinalis — 
From  brackish  ponds  near  Belfast    .        .        •        .1*58  51*78 

„     Lame  Lough .      161  — 

The  authors  desire  to  express  their  thanks  to  Professor  Gregg  Wilson  and  to 
Mr.  Thornton  for  their  assistance  in  identifying  and  supplying  them  with  some  of 
the  specimens  employed  in  the  above  investigation. 

*  Letts  and  Hawthorne,  Proc.  Boy,  Soo.  Edinhirglv^  1901,  p  2G3,  and  Brit, 
48$oc,  Refort^  1900.  '   ' 
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9.  On  the  ColonietUum  rf  a  Dried  Xiver-becL    By  MisB  M.  C.  Stopbs. 

The  stream  under  ccmsideratioii  ran  tlirough  meadows  into  the  Thames,  jost 
west  of  Northfleet,  Kent.  Its  width  was  from  15  to  26  feet,  locallj  widening  to 
40  or  more,  and  there  was  an  uninterrupted  flow  of  2  to  3  feet  of  clear  water  pro- 
Tided  bj  a  perennial  spring  in  the  chalk.  Aquatic  animals  and  plants  abounded 
on  the  muddj  bottom,  aodtangled  masses  of  Fotamo^eton,  CaUitrtche,  Bammeubtt 
aquatUUf  &c.,  floated  to  the  sur&ce.  On  the  sides  and  banks  were  growths 
of  Tvpha^  PhragmUeSf  Spargamutn^  MffOiotu,  &e. 

The  supply  of  water  was  tapped  in  the  winter  and  early  spring  of  1900-1  by 
the  powerful  pumps  of  a  new  waterworks,  and  hj  April  1CK)1  all  water  had 
ceased  to  flow.  By  July  the  mud  was  firm  enough  to  walk  on,  and  was  broken 
at  short  intenrals  by  cracks  6  inches  across  and  several  feet  deep.  Last  yetr^s 
plants  bad  left  rery  few  traces  either  in  or  on  the  mud.  The  only  true  aooatioi 
still  growinff  were  E.  aquatUU  var.  trichop^fUus,  which  retained  iu  diTidad 
leayes,  one  pUnt  of  which  flowered,  and  Lemna  minor  Uiing  under  an  inch  or  two 
of  mud«    Of  semi-aquatics  there  ware : — 


Fbw. 

(kUkapaUutrii. 
Carexkirta. 

EMpat&rifum  oamindbinwH, 
Juneui  artieulmtui. 
„      oHuti/torui, 


C0K8IDEBABLB  NUMBEBS. 


Soatterad. 
AUimaplaHU^, 
Carem  riparia. 
JHgrapMi  anmdinaoea, 
IH$  jmud-mearm, 
Jumnu  oawumumii. 
JUMtmeuitis  ioeiermtui. 
Bumsm  kifdrolapathwm. 

SorophiUaria  apt4ftica, 
Typka  latifolUk 
Veronica  anagaUis, 


Domitiani  loeaDy. 
Carex  paludom. 
BpUoHumkwwtum. 
Qlyoeria  ofuatica. 
BeloeeiadMim  nodijlorttm. 

yathtrtium  pfieimaU. 

SaUrn, 


Total  frequent — twenty,  of  which  eight  were  locally  dominant. 


^lants  encroaching  from  land : — 


Few. 

Aiparagui    officinale 

(IplofU), 
Ccn/volvulue  septum  (1). 
Dipsacus  sylvestrit, 
.Bnilobium  parvifiorum, 
Aeldpea(l). 
Papaver  rhccan  (2). 
Phalarii  canoHentis  (2). 
Prvnus  eommunii, 
Sonchui  arventii. 
TrifoUum,  repens  (2). 
Vicia  Cracoa. 


CONSIDEBABLE  NUMBEBB. 


Scatiered. 
Anihoranthum  odoratum. 
AgroKtis  vulgaris. 
BroMvs  iterilii. 
OUfceria  dietam, 
Helens  lana^us. 
itumuifu  lupttlus. 
Polygonum  hydropiper, 
„         periscaria. 
Rumex  ooTiglomeratus. 

„     'obtutifolits, 
Solanum  dttlcamara,    * 

,,       nigrum, 
Tusiilago  farfara. 


DominAnt  locally. 
Chenepedium      Bonuh 

Henricus, 
Chenopodium  alba, 
EguUetum  palit^tre. 
Alygonum  lapathrfoUwm. 
Urtioa  dioiea. 


Total  freguerU^ightQ&af  of  which  five  are  locally  dominanti 


There  were,  also,  a  little  thalloid  hepatic  and  moss  which  never  reached 
maturity,  Funaria  hygrometriea,  one  patch  of  Botrydium  granulatum^  and 
Vaucheria  down  the  cracks.  Notable  scarcity  of  Oomposits  and  Legumioofie, 
9M  of  Bryophy tea  and  Algse. 

1902. — At  first  slow  increase  in  dominance  of  land  plants  except  grasses; 
absence  of  Alisma  and  Ranuncufits  a^atilis,  Lemnu  fninor  still  alive  undtr 
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the  mud  sheltered  hv  nettlee.  Bj  September  great  InoreaBe  of  land  plants,  solid 
jungle-like  srowths  8  to  5  feet  high. 

1908. — ^Heavj  rains  this  jear  assisted  the  water  plants ;  Scrophularia  locally 
dominant,  MyowHs  very  scarce;  semi-aquatic  tend  to  dominate  in  the  open, 
Urtica  largely  where  sheltered  by  willow  ;  many  grasses  and  EpilMum.  Very 
mixed  communities,  e.g.  Urtica  and  PhragnUtes  struggling  for  dominance; 
Phragmites  and  Carex  covered  and  nearly  swamped  by  tangles  of  QaUwn  Aparine ; 
short  HeloBciadium  and  meadow  grass  forming  a  thick  turf;  hummoclcs  of  Carex 
paludosa  covered  by  Mwnuhis  ZiqnUus  and  JSolanum  dulcamara. 

The  complete  list  shows  eleven  freauent  semi-aquatics,  of  which  four  are 
locally  dominant,  as  against  thirty-two  frequent  land  plants,  of  which  eight  are 
locally  dominant.  

10.  The  Botany  of  Upper  Peru.    By  A.  W.  Hill,  M.A, 


FRIBAT,  SEPTEMBEH  11. 
The  following  Papers 'were  read : — 

1.  New  Discoveries  in  Heredity.     By  W.  Bateson,  F.R,S. 


2.  Results  of  seme  Cross-breeding  Experi/nients  with  Plants, 
By  Miss  Edith  Saundebs. 


3.  Recent  Experiments  in  the  Hybridisation  of  Orchids, 
•    By  Chablbs  C.  Hubst. 

RMent  Progress  in  Orchid  Hybridisation. 

First  hybrid  raised  in  1866.  One  thousand  three  hundred  distinct  crosses  in 
1908.  Two  hundred  and  thirty  generic  h^rbrids.  Majority  of  hybrids  fertile. 
Hybrids  of  the  fourth  generation.  Hybrids  with  pedigree  of  five  distinct  species. 
Orchid  hybrids  offer  wide  field  to  the  s^dent  of  inheritance. 

Intermediate  Hybrids. 

Writer's  experiments  with  PapMopedHtim  (Cypripedium),  first  generation, 
S  X I  s  SI ;  second  ^noration,  SI  x  If"  BI  +  BS.  Results  apparently  consistent 
with  MendeVs  Principlee. 

Dominant  Hybrids. 

Mainly  confined  to  generic  matings,  e.g.  SopkroniHsxEpidendnan^Epi'- 
dendrum.    Infertile  and  cannot  be  tested  in  the  light  of  Mendel. 

False  Hybrids. 

Mainly  confined  to  generic  matings  and  all  maternal,  e.g.  Zygopetalum  %  x 
Odontoglossum  $  •  Zygopetalum ;  second  generation  oives  same  result.  Therefore 
'false  hybrids'  and  not  Mendelian  < dominants.'  Writer's  previous  sugK^stion 
of  parthendttenesis.  Comparison  with  the  paternal  '  fdse  hybrids '  of  Millardet 
and  De  Viies.  Further  experiments  into  the  nature  of  one-sided  inheritance 
urgently  needed. 

Digitized  by  CjOOQIC 


854  &EP011T— 1908. 

4.  La  fiei^f  de$  Gnetaeies.    By  Professcnr  LiQimBfi. 


5.  ParihenogenenB  in  Gnetam  ula.     By  Dr.  Lotst. 


6.  The  SandhVl  Vegetation  o/Birkdale.    By  Otto  V.  Darbishibe. 

The  9andhilh  are  formed  bj  the  wind  blowing  inland  tbe  Mnd,  wliidi  is 
supplied  bj  the  sea. 

Climatic  oonditiont. — Riunfttll  <^  81  inches ;  plenty  of  sunlight  and  heat  during 
the  day,  rapid  cooling  during  the  night,  heayy  fiedi  of  dew ;  strong  sea  winds 
during  the  day,  land  winds  at  night,  d^ing  effect ;  sand  not  raised  much  by  the 
wind. 

Edaphic  amditions, — Sand  not  very  salty ;  loose  grains,  water  soaks  in  and 
evaporates  rapidly ;  isolating  surface  layer  of  dry  hot  sand-reefs,  interior  mass 
cool  and  moist;  water  derived  from  rain  and  internal  dew;  food  material 
present. 

Plant  societies. — Shore  dunes  (A^opyrum,  P^mma) ;  shore  valleys  {Hon- 
kenyOf  &c.) ;  inland  dunes  {Psamma)  ;  inland  valleys  on  peat  (PomoMto,  &c), 
and  on  sand  {Salix  repena,  &c.).    Moving  dune  front  encroaching  on  grassland. 

Common  plant-features, — Bootstochs;  xerophil  leaves  (types  of  Psamma^ 
Honkenya,  Salix,  &c.) ;  plants  small ;  trees  reduced  in  sixe,  in  dune  form ;  plants 
in  tufts. 

Chi^ factors. — ^The  sand  and  the  wind.  The  plants  are  psammoj^hyt^s,  whidi 
vary  with  exposure  to  wind.  The  sandhills  are  therefore  an  edaphic  formaticm. 
The  dunes  can  be  fixed  by  tbe  binders,  but  temporarily  only,  till  the  supply  of 
sand  from  the  sea  is  cut  off. 


7.  The  Histology  of  the  Sieve  Tubes  of  Angioeperme, 
By  Arthur  W,  Hill,  M.A. 

The  paper  deals  with  the  structure  and  development  of  the  sieve  plate  and  of 
the  sieve  fields,  and  also  with  the  distribution  and  character  of '  connecting  threads ' 
between  the  sieve  tubes  and  the  companion  and  cambiform  cells  in  the  phloem  of 
certain  An^posperms.  The  sieve  plates  <^  the  mature  sieve  tubes,  which  oocor 
in  the  honxontal  or  oblique  end  walls  of  the  tubes,  are  traversed  by  rdatiipely 
thick  slime  strings,  each  being  inclosed  in  m  callus  rod.  In  the  radial  and  tangen- 
tial walls  the  slime  strings,  which  are  grouped  into  oval  or  rounded  pitted  areas, 
are  much  smaller  than  those  in  the  sieve  plates,  and  some  three  to  riz  strings  are 
inclosed  in  a  callus  rod. 

Connecting  threads  also  occur  between  the  sieve  tubes  and  companion  cells : 
they  are  very  short  and  numerous,  and  are  usually  situated  in  fairly  deep  and 
transversely  elongated  pits.  Between  tlie  sieve  tubes  and  cambiform  ccdk  and 
between  the  latter  and  the  companion  cells  the  small  groups  of  threads  are  found 
in  small  and  deep  pits. 

During  the  winter  these  various  threads  may  be  covered  with  callus,  but  only 
on  the  sieve  tube  side.  The  development  of  the  sieve  fields  is  similar  to  that  of 
the  sieves  of  Pinus,  and  the  neve  plates,  though  differing  somewhat  in  the  details 
of  their  development,  agree  in  their  essential  features  with  the  sieve  fields. 

Groups  of  fine  tlireads  can  be  seen  in  the  membranes  of  the  pits  in  the  lateral 
waUs  of  the  youngest  sieve  tubes,  which  by  the  action  of  ferments  (as  it  would 
seem  probable)  are  bored  out  and  converted  into  slime  strings,  the  cellulose 
membrane  in  the  immediate  vicinity  being  at  the  same  time  converted  into  callus ; 
and  thus  is  formed  the  callus  rod  with  its  included  slime  strings. 

In  the  sieve  plates  the  action  of  the  ferment  appears  to  proceed  still  further, 
giving  rise  to  a  single  large  slime  string  in  a  callus  rod* 
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8.  The  Structure  ofZeaves  of  the  Bracken  from  different  habitats. 
By  L.  A,  Boodle. 

The  external  characten  of  the  bracken  (Pteris  agtnltna)  vary  with  the  habitat, 
as  has  been  pointed  out  bj  different  authors.  In  a  very  exposed  and  sunny 
situation  l^e  leaves  are  hard  and  short,  while  in  a  well  sheltered  and  shaded 
locality  they  are  much  larger  and  soft.  Long  sori  and  short  son  are  typical  of 
the  ftrst  and  second  situation  respectively. 

The  internal  structure  of  the  pinnules  varies  with  the  habitat  in  a  correspond- 
ing nuuiner ;  the  presence  of  a  continuous  or  nearly  continuous  hypoderm  and  the 
large  amount  of  the  paUoide  tissue  formed  distinguish  the  leaf  of  the  exposed  from 
t^t  of  the  sheltered  plant. 

That  these  diffarences  are  not  necessarily  varietal  is  proved  by  the  following 
observations.  A  leaf  which  had  grown  up  through  a  fairly  dense  bush  of  haw- 
thorn, bramble,  &c.,  showed,  in  its  lower  pinnss,  which  were  immersed  in  the 
budi,  the  ext^nrnal  and  internal  characters  of  the  shade  form,  while  the  upper 
piBn»,  which  were  free  from  protection,  had  the  characters  of  the  exposed  form. 
Secondly,  the  relation  of  the  different  characters  in  question  to  external  conditions 
was  also  evidenced  1^  a  |dant  which  was  grown  in  a  greenhouse  (with  heat^  last 
year,  and  was  planted  out  again  in  the  autumn.  In  the  greenhouse  it  produced 
only  leaves  of  the  shade  Wpe,  of  very  delicate  texture,  and  with  the  farther 
pecuHanty  that  both  the  induna  were  often  reduced  in  size.  This  year  the  same 
plant,  growing  in  the  garden,  produced  leaves  of  the  type  referred  to  above  as 
characteristic  of  the  brt^en  in  an  exposed  situation. 

Such  formation  of  a  mesophytic  or  a  xerophytic  type  of  leaf  by  the  same  plant 
in  accordance  with  its  environment  is  an  example  of  what  has  been  called  '  direct 
adaptation,'  and  n^ay  be  compared  with  fionnier's  experiments  on  transplantation 
to  Alpine  habitats  and  with  the  results  of  several  authors  on  'sun-leaves'  and 
'  shade-leaves.' 


MONDAY,  SEPTEMBER  14. 
The  following  Papers  were  read  i-^ 

1.  Dieouseion  on  the  Bwlution  of  Monocotyledons. 

i.  The  Evckvbion  of  Monocotyledons.    By  Ethbl  Sargant. 

Monocotyledons  and  dicotyledons  together  form  a  group  very  distinct  from 
any  other,  and  the  probability  is  strong  that  the  common  stock  m>m  which  they 
sprinff  was  in  all  essential  features  Angiospermotis. 

Was  the  ancestral  Angiosperm  more  like  a  monocotyledon  or  a  dicotyledon — 
that  is,  which  of  these  two  types  is  the  more  primitive  P 

An  answer  to  this  question  has  been  sought  in  three  distinct  lines  of  research, 
but  these  have  led  to  no  positive  evidence  in  favour  of  either  branch. 

I.  No  direct  historical  evidence  is  given  by  the  succession  of  fossil  forms. 

II.  There  is  no  reason  to  suppose  the  absence  of  a  normal  thickening  ring  in 
the  stem  of  monocotyledons  a  primitive  character. 

ni.  The  development  of  the  embryo  within  the  embryo-sac  has  not  proved 
satisfactory  as  aguide  to  affinities. 

The  study  of  jpseudo-monocotyledons  such  as  Corydalis  cava, 
Banunculus  JPicarta,  Carum  Butbocastanumf  has  shown  that  the 
embryo  within  the  embryo-sac  in  such  species  appears  monocotylous 
from  the  first.  Yet  the  common  ancestor  of  each  genus  must  have 
been  dicotylous,  and  if  the  early  history  of  the  emrayo-sac  were  any 
guide  to  ^race-lustory,  we  should  expect  it  to  throw  light  on  the 
transition  from  a  dicotylous  to  a  monocotylous  form.  #     ^  .^  .^  ■  .^ 
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E|nlirTolo«oil  eridenoe  of  Another  kind  h«t  rtoently  betti  brought  fbrwtzd 
to  show  that  dicotyledonB  are  the  elder  branch. 

Id  the  following  paragraphs  this  eyidence  is  set  forth  at  tome  length  under 
two  heads : 

^A)  The  nature  and  strength  of  the  evidence  itself. 

(B)  The  support  which  the  view  it  suggests  receives  from  the  mature 
characters  defining  monoootjledons. 

(A)  1.  The  anatomy  of  the  seedling  soon  after  germination  is  often  of  value  ia 
the  study  of  affinities. 

My  own  observations  have  convinced  me  that  within  the  lAHatnt 

the  symmetry  of  the  vascular  system  in  the  cotyledon^  hjpoootyli 

and  primary  root,  is  commonlj  characteristic  of  the  genoa,  and  is  t 

valuable  guide  to  the  affinities  of  genera  with  each  other. 

(A)  2.  The  vascular  symmetry  of  the  siiu^le  cotyledon  in  monocotyledons  fbniii 

a  sharp  contrast  with  that  of  the  first  leaf    The  bundles  of  the  first  leaf  and 

those  which  succeed  it  are  symmetrical  about  a  true  midrib.    The  bundle-^stem 

of  the  cotyledon  is  symmetrical  about  a  pair  of  bundles,  which  maj  be  distinet 

or  partiallj  united. 

To  this  rule  there  are  a  few  exceptions.    But  most  of  the  cases  ia 

which  the  cotyledon  seems  to  have  a  midrib  can  be  connected  through 

allied  species  with  forms  in  which  the  bundle-system  is  bisymmetriesl, 

and  fuither  work  will  probably  link  the  few  exceptional  fonae  whidi 

remain  with  the  double  type. 

(A)  3.  The  bisymmetrieal  vascular  structure  of  the  '  cotyledon '  in  monocotj- 

ledonous  seedlings  may  be  interpreted  as  the  last  trace  of  the  double  structure 

which  arose  from  the  gradual  umon  of  two  ancestral  cotyledons  to  form  a  sin^ 

member. 

This  view  is  supported  hj : 

(i)  Comparative  study  of  the  Liliaoea,  which  shows  that — exclud- 
ing species  of  exceptional  habit — ^the  many  divergent  schemes  of 
vascular  symmetry  found  among  the  seedlings  of  Uiis  family  can  be 
referred  to  a  single  type,  in  all  probability  the  most  ancient  exunined. 
In  this  type  the  two  massive  bundles  of  the  cotyledon  arp  quite 
distinct,  and  are  symmetrically  placed  near  the  foci  of  its  elUpticsi 
transverse  section. 

(ii)  Evidence  from  the  AmaryllidacesB,  Iridaoee,  and  Aroidec 
which  tends  to  show  that  the  structure  of  their  seedlings  is  deri?ed 
from  a  Liliaceous  type. 

(iii)  Corroborative  evidence  from  Palmes  and  Scitamine»  to  show 
the  ^neral  absence  of  a  midrib  from  the  cotyledon.  Several  hevhaceoof 
species  of  Scitaminees  have  two  distinct  and  opposite  bundles  in  their 
cotyledon. 

(iv)  Comparison  with  seedlings  of  Ranalee,  and  particularly  with 
the  species,  fairly  numerous  in  Uiis  alliance,  which  nave  their  coty- 
ledons partially  united  A  single  trace  from  each  cotyledon  enters 
the  hypocotyl  in  the  Ranal  tj^pe.  Each  trace  is  clearly  double,  but 
the  root  is  diarch.  In  the  primitive  Liliaceous  type  the  two  tracee 
from  the  cotyledon  enter  the  hypocotyl  from  opposite  sides.  Eadi 
opens  out  into  a  double  structure  durinff  the  transition.  The  root 
is  tetrarch.  Besides  the  reeemblanoe  in  dual  symmetrv,  I  have  per> 
ceived  in  EranthU  and  BodophyUum  a  similarity  to  the  Taliaceons  type 
in  the  method  of  transition  from  stem  to  root,  and  in  Eranthis  tae 
temporary  appearance  of  a  tetrarch  xylem  plate  at  the  base  of  the 
tuber.  The  resemblance  between  the  Ranal  and  Liliaceous  type  of 
seedling  structure  supports  our  hypothesis  whether  we  oonnder  it  as 
homologous  or  homoplastic. 
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(B)  1.  The  vmioii  of  two  ancattral  cotyledont  into  a  sbgle  memto  mar  liaye 
arisen  from  the  adaptation  of  the  earlier  monocotyledons  to  a  geophilouB  haoit 
This  yiew  is  aupported  by : 

(i)  Gomjparison  with  the  dicotylona  species  in  which  the  cotyledons 
are  united  for  a  considerable  distance  from  the  base  upwards.  AVitb 
the  single  exception  of  Che  mangroTCy  these  are  sU  highly  specialised 
geophytes.  They  all  have  a  subterranean  and  greatly  shortened  vertical 
axis,  which  is  oftoi  tuberous. 

S\  The  fact  that  all  dicotyledons  with  a  single  seed-leaf  are  well- 
d  geophytes. 
(ill)  The  probabilil^  that  the  union  of  cotyledons  is  of  service  to 
the  geophvte  by  reducing  the  exnen^ture  of  material  in  assimilating 
surnoes  during  the  first  year  oi  growth.  Such  reduction  is  forced 
upon  plants  of  this  habit  by  the  short  season  of  growth  in  their  native 
climate,  and  the  prime  necessity  of  forming  underground  organs  before 
the  beginning  of  the  dead  season. 

IB)  2.  Many  features  characteristic  of  mature  monocotyledons  can  be  explained 
as  disdnct  adaptations  to  a  geophilous  habity  or  as  the  necessary  consequence  of 
such  adaptation. 

(i)  The  linear  leaves  of  bnlbs,  with  their  parallel  venation  and 
broad  bases,  are  peculiarly  adapted  to  rapid  elongation  and  penetration 
of  the  soil. 

(ii)  The  stem  of  monocotyledons  shows  many  concentric  circles 
of  leaf-trace  bundles.  These  are  the  almost  inevitable  consequence  of 
the  insertion  on  a  squat  axis  of  closely  packed  leaves  vnth  brcMid  bases. 
From  each  leaf  a  number  of  parallel  traces  enter  the  axb  in  the 
segment  of  a  circle. 

(iii)  The  substitution  of  short-lived  roots  in  immediate  connection 
with  the  leaves,  for  a  single  branched  tap-root  is  characteristic  of  low- 
growing  plants  exposed  to  alternating  periods  of  activity  and  repose. 
Sv)  The  formadon  of  albuminous  seeds,  so  general  among  mono- 
edons,  seems  very  commonly  correlated  with  the  geophilous  habit 
in  l)icotyledons.  In  geophilous  species  the  embryo  is  usually  small 
and  little  developed,  probably  because  it  has  no  time  to  grow  larj^r  in 
the  short  growing  season.  Such  seeds  usually  require  a  long  period  of 
maturation  before  they  germinate. 


ii.  A  Cimsideraiion  of  the  Bearing  of  FertUiscUion  Phenomena  and 
Embryo  Sac  Structure  on  the  Origin  of  Monocotyledons.  By  Ethel 
N.  Thomas. 

There  exists  great  uniformity  among  Angiosperms  in  these  respects. 

The  development  of  the  embryo  sac  shows  it  to  be  a  megaspore. 

Comparison  with  the  germination  of  other  megaspores  shows  that  a  great  gulf 
exists  between  Angiosperms  and  all  other  groups  of  the  vegetable  kingdom.  No 
distinction  is  founa  in  this  respect  between  monocotyledons  and  dicotyledons. 

A  few  exceptional  cases  of  embryo  sac  structure  are  known. 

(a)  Those  in  which  normal  productions  arise  from  letit  than  the  usual  number 
of  constituents.    Bo  these  indicate  what  is  essential  to  the  process  ? 

{b)  Those  in  which  normal  productions  arise  from  more  than  the  usual  com- 
ponents.   Are  these  primitive  P 

The  origin  and  modes  of  production  of  the  Angiospermous  endosperm  are  of 
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peculiar  intereit.    Their  ttudj  has  not  m  yet  given  any  Teiy  reliaUe  dna  to  its 
phylogenetic  liiatoxy. 

These  phenomena  show  no  line  of  demarcation  hetween  monoootyledons  tnd 
dicotyledona,  bnt  where  differences  exist  between  the  Archichlamydese  and  the 
^TmpetaliDy  monocotyledons  are  connected  in  these  partieulars  with  the  Ardii- 
chlamydese. 

2.  On  Stimulus  and  Mechanism  <zs  Factors  of  OrganisaHon, 
By  Professor  Fabmer,  F.R,S. 


3.  Alternation  of  Oeneraiions  in  the  Dictyotaceae  and  the  Cytology  of  the 
Asexual  Generation.     By  J.  Llotd  Williams. 

1.  The  nuclei  of  the  Tefletative  cells  of  tetrasporic  plants  have  about  thirty-two 
chromosomes  in  the  karyokinetic  figure. 

2.  In  the  stalk-cell  division  of  the  tetrasporangium  the  curved  split  chromo- 
somes are  easily  counted  and  the  unreduced  number  obtains. 

3.  In  the  tetraspore  mother-cell  there  is  a  lon^  period  of  preparation  for 
division.  A  well-marked  synaptic  stage  appears  while  the  cell  is  still  yomig  and 
smalL  The  thread  is  distinctly  polarised  and  the  nucleolus  very  irregular  in  form 
and  £requently  attached  to  the  ^irem.  At  this  stage  also,  and  at  no  other,  the 
nucleus  nas  a  small  deeply  staining  spl^erule.  After  a  time  the  thread  becomes 
thicker  and  lees  deeply  stained,  and  it  idtimately  splits  longitudinally.  No  clear 
evidence  has  been  seen  of  a  second  split — probably  the  separating  halves  become 
greatly  alveolated  and  connected  together  by  cross-threads  so  as  to  present  the 
appearance  of  the  ordinary  reticulum  of  the  resting  stsge.  This  condition,  during 
which  the  identity  of  the  chromatin  thread  is  completely  lost,  persists  for  a  long 
time.  Thick  cloudy  masses  then  appear,  which  gradually  condense  into  sixteea 
chromosomes.  These  are  bent  upon  themselves  until  the  limbs  are  parallel,  or 
cross  each  other,  or  form  open  rings. 

The  ensuing  division  is  distinctly  heterotype,  and  the  spindle  intrarnndear. 

4.  The  two  daughter-nuclei  in  division  have  their  axes  parallel  and  the 
snindles  are  formed  on  the  sides  of  the  nuclei  remote  from  each  other.  The 
division  is  homotype  and  the  chromosomes  show  the  reduced  number. 

6.  In  the  germinating  spore  the  chromosomes  have  been  counted  in  the 
prophase,  the  equatorial  plate,  and  the  dispirem  stages,  and  the  number  is  alwayi 
sixteen. 

6.  In  the  sexual  plants,  the  dividing  nuclei  of  the  vegetative,  antheridial,  and 
oogonial  cells  are  characterised  by  having  the  reduced  number  of  chromosomes. 

7.  The  curious  abnormal  figures  found  in  unfertilised  eggs  show  sixteen 
chromosomes,  while  the  dividing  nuclei  of  the  germinating  oospcMes  always  have 
the  full  number. 

The  cytoloffical  evidence  then  shows  that  the  germinating  tetraspore  grows 
into  a  sexual  jplant,  while  the  oospore  on  the  other  hand  jproduces  the  tetraqporse 
generation,  f'urthermore,  the  reduction  stage  has  all  the  dUstinguishing  characters 
of  the  corresponding  stage  in  the  higher  pluits. 


TUE8DA  r,  SEPTEMBER  15. 
The  following  Papers  were  read  :->« 

1,  Modem  Views  on  the  Phylogeny  of  the  Algs. 
By  Dr.  F.  F.  Blackman, 
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2.  The  new  Botanical  LabarcUary  at  Cambridge. 
^y  Professor  H.  Marshall  Ward,  F,E,S, 


3.  T?ie  Seed  o/Lyginode7idron, 
By  Dr.  D.  H.  Scott,  F.RS.,  and  Professor  F.  W.  Oliver. 


4.  Fruit-dispersal  in  Adenostemma  viscosum,  ForsL 
By  R.  H.  Yapp,  M.A, 

Adenostemma  viscosum  is  a  Composite  which  is  widely  distrihuted  in  the 
warmer  regions  of  the  g^ohe.  The  pappus  in  this  plant  is  represented  hj  several 
(usually  tluree)  stalked  glands,  by  means  of  the  secretion  of  which  tbe  ripe  fruits 
are  firmly  attached  to  passing  animals,  and  so  dispersed. 

During  the  time  of  flowering  tbe  gland-stalks  are  erect,  and  lie  against  the 
corollas  of  the  florets.  When  the  fruits  are  ripe,  the  corollas  fall  ofi'  en  masse, 
bein^  tied  together  by  numerous  filamentous  hairs  which  clothe  their  upper  ex- 
tremities. The  corollas  and  styles,  as  well  as  the  ripe  fruits,  are  cut  off  by  special 
absciss  mechanisms,  which  consist  partly  of  fragile  thin-walled  parenchyma,  and 
partly  of  thick-walled  mechanical  tissue.  The  involucral  leaves  are  at  first  erect, 
then  become  spreading,  and  finally  reflexed,  while  the  receptacle  becomes 
markedly  convex.  Thus  the  achenes,  when  ripe,  are  freely  exposed.  In  the 
meantime  the  glands  (which  are  composed  of  numerous  capitate  glandular  hairs, 
thickly  covering  the  upper  parts  of  the  pappus-setso)  have  excreted  a  copious 
Tiscid  floid,^  which  causes  them  at  this  stage  to  bear  a  marked  resemblance  to  the 
tentacles  of  a  Drosera  leaf.  The  pappus-setss  also  bend  down  till  they  assume  a 
nearly  horizontal  position,  thus  afibrding  the  three  glands  a  more  extended  base  by 
which  to  adhere.  This  movement  is  eflected  by  a  group  of  motor-cells  which  form 
a  pulvinus  at  the  base  of  the  stalk  of  each  gland. 

Certain  other  Composites  have  also  been  examined,  and  it  is  found  that  the 
hygroscopic  movements  of  the  pappus  is  in  some  other  cases  (e.g,  species  of 
Taraxacumf  Tragcpogan,  Lactuca,  Hypoehoeris,  &c.)  due  to  similar  motor-ceUs, 
forming  a  continuous  pulvinus  situated  just  below  the  pappus. 


5.  On  ffomcsomorphy  among  Fossil  Plants. 
By  E.  A.  Nbwell  Arbbr,  M.A. 

It  is  fully  recognised  that  among  recent  plants  species  of  diflerent  descent  may 
possess  many  closely  identical  characters  as  the  result  of  adaptation  to  particular 
conditions  of  the  environment.  Such  xerophilous  plants  as  Cetctus,  Euphorbia, 
and  Stapdia  are  instances  among  many  which  might  be  (quoted. 

It  is  interesting  to  find  that  uiere  is  some  reason  to  beheve  that  similar  instances 
of  parallelism  of  development  may  be  found  among  fossil  plants.  Attention  has 
been  called  to  this  subject  by  recent  progress  in  the  study  of  fossil  invertebrates. 
It  has  been  pointed  out  by  Mr.  S.  S.  JBuckman  in  regard  to  the  Jurassic  brachio- 
pods,  and  by  Messrs.  Nicholson  and  Marr  with  reference  to  the  graptolites,  that 
species  sprung  from  different  stocks  commonly  exhibit  'the  phenomenon  of 
similarly  in  general  with  dissimilarity  in  detail,'  and  such  have  been  termed  by 
Mr.  Buckman  homcsomorphs, 

*  The  character  of  this  secretion  has  not  yet  been  examined,  as  only  alcohol 
material  has  hitherto  been  available.  Specimens  of  this  plant  are,  however,  now 
growing  at  the  Cambridge  Botanic  Garden,  from  seed  kindly  sent  by  Mr.  Macmillan 
of  the  Royal  Botanic  Gardens,  Peradeniya,  Ceylon ;  and  it  is  hoped  to  decide  this 
point  in  due  course  from  fresh  material  obtedned  from  this  source.  .  , 
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Among  fonnl  pUntt  the  following  genera  and  speciee  exhibit  the  pbenomemMi 
of  homoeomorpbj: — 

AlethvpUrii  and  LanehopterU (Carboniferoiis). 

NturopterU  krUpyphylla  and  LinopUris  Miinsteri  „ 

HewropteriM  gigantea  and  Linopterit  tuh'Bra»ffniarti   .  „ 

Otouimites  and  Diaty&zamitet (Jorasac). 

Olouopterit  and  QangamopteTU  ?         ,        .        ,        ,  (Permo-Carboniferom). 

6.  Methods  of  Mapping  FlofU  DisiribiUian,     %  T.  W.  Woodhkad. 


WEDNESDAY,  SEPTEMBER  16. 

The  following  Papers  were  read  :— 

1.  On  9ome  Anatomical  Features  of  the  ScuteUum  in  Zea  Mais. 
By  Ethel  Sargakt  and  Agkks  Robkbtsok. 

The  epidermi$  of  the  scutellum  develops  into  a  well-mariced  epithelium  over 
the  fkoe  which  is  in  contact  with  the  endosperm.  We  haye  fbond  tiiat  this 
epithelium  folds  in  on  itself  in  places,  forming  narrow  clefts  of  considerahle  deplh 
in  the  dorsal  surface.  Both  sides  are  of  course  lined  with  the  epithelial  layer, 
and  the  cleft  is  so  narrow  that  they  often  touch  each  other.  Traces  of  aecredoa 
are,  however,  commonly  found  within  these  structures  which  may  &irly  be  describeA 
as  glands.  Their  number  and  size  vary  in  the  individuals  examined.  TImot 
distribution  over  the  dorsal  surface  of  the  scutellum  is  also  variable,  bat  Xheij  aie 
least  frequent  near  the  apex  and  in  the  regions  bordering  on  the  median  Icx^ito- 
dinal  section ;  indeed,  they  are  often  quite  absent  firom  these  parts.  The  glaodi 
are  fully  formed  in  the  ripe  seed,  and  we  have  not  traced  their  develc^mofint. 

Similar  glands  are  found  in  the  allied  genus  Coix,  but  in  the  individoalB  of 
C  iachryma-Joln  which  we  examined  they  were  less  well  developed  than  in  Zem. 

Vascular  tissue, — ^The  main  bundle  of  the  scutellum  runs  upwards  to  the  apex 
from  the  level  at  which  it  is  inserted  on  the  stele  of  the  axis.  Just  abore  iti 
insertion  this  massive  bundle  is  collateral,  with  some  slight  suggestion  of  a  doable 
structure.  The  single  group  of  xylem  is  on  the  ventral  mde  of  the  bnndk 
Higher  up  in  the  scutellum  the  xylem  begins  to  creep  round  the  phloem,  at  the 
same  time  throwing  out  short  branches  consisting  of  tracheids  snd  albominaid 
cells.  Near  the  apex  the  main  bundle  becomes  amphivasal,  and  slender  branchei 
are  given  off  profusely  from  the  dorsal  face  of  the  bundle.  They  penetrate  all  the 
tissue  on  the  dorsal  side  of  the  scutellum  apex,  but  are  most  fi^uent  near  the 
midrib.  These  httle  branches  always  end  freely  just  under  the  dorsal  surface, 
commonly  about  two  rows  of  cells  below  the  epithelium.  In  character  they 
resemble  the  transfusion  tissue  described  by  Ph>feESor  Weiss  in  Stigmarisn 
rootlets. 

We  have  not  observed  any  relation  between  the  terminations  of  the  Tasculsr 
branches  and  the  epithelial  glands.  These  terminations  occur  in  those  parts  of 
the  scutellum  where  the  glands  are  least  frequent. 


2.  Experiments  tvith  the  Staminal  Hairs  of  Tradeacantia. 
By  Habold  Waobb. 

If  the  staminal  hairs  or  petals  of  the  purple-flowered  Tradescantia  virginica  be 
killed,  either  by  heat  or  by  certain  fixing  reagents,  the  coloured  sap  in  the  dead 
cells  is  at  once  taken  up  by  the  protoplasm,  and  especially  by  the  nodeoa,  which 
becomes  deeply  stained  red,  blue,  or  greenish  blue,  according  to  the  nature  of  the 
reagent  used.  The  alcohols  and  corrosive  sublimate  give  a  blue  or  bluish-green 
coloration;  acid  alcohol  or  Pereny's  fluid  red,  and  if  killed  by  heat  the  coloration 
is  reddish  violet. 

Preparations  thus  made  may  be  mounted  permanently  either  in  glycerine  or 
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Capada  balsam.    Petals  of  Jm,  Vetch,  or  blue  Linum,  &c.,  do  not  give  the  same 
results.    The  coloured  sap  escapes  from  the  cell  as  soon  as  the  protoplast  isidlled. 
In  Tradescantia  it  cannot  escape  so  rapidly ,  owing  apparently  to  the  prewnce  of  a 
cuticularised  membrane  arounct  esch  cell,  and  it  consequently  remains  in  contact 
with  the  nucleus  a  sufficiently  lonff  time  to  stain  it.    By  means  of  this  eaticnlar- 
ised  membrane  the  penetration  of  fixing  fluid  appears  to  be  to  some  extent  pre- 
vented.   The  resistance  of  the  cells  to  the  action  of  reagents  is,  however,  very 
Taxiable.    In  methylated  spirit  the  protoplasmic  movement  ceases  in  most  cells  at 
the  end  of  1^  minute,  but  was  still  observable  in  a  few  cells  at  the  end  of  2f 
minutes.    In  3  minutes  a  large  number  of  the  nudei  had  become  stained  blue. 
In  70  per    cent,  alcohol  protoplasmic  movement  was  visible  in  a  few  cells  at 
the  end  of  11  minutes,  but  was  very  sibw  and  had  ceased  altogether  in  11^  minutes. 
In  70  per  cent,  alcohol,  with  a  few  drops  of  6  per  cent,  solution  of  hydro- 
chloric acid,  the  movement  was  visible  in  some  of  the  cells  at  tiie  end  of  7  minutes ; 
in  Pereny*s  fluid  at  the  end  of  17  minutes,  but  had  entirely  disappeared  in  17^ 
minutes;  in  saturated  solution  of  corrosive  sublimate  the  movement  stopped  at 
once  (in  15  to  30  seconds)  in  most  cells,  but  was  still  visible  in  a  few  at  tne  end 
of  2}  minutes,  when  it  ceased  altofi^ether.    In  a  2  per  cent,  solution  of  potassium 
bichromate  movement  was  observable  4  hours  after  immersion,  and  in  two  other 
cases  for  2^  hours ;  in  one  case  the  hairs  were  placed  in  a  small  bottle  of  the 
solution.     With  a  1  per  cent,  solution  of  chromic  acid  movement  was  visible 
1^  hour  after  the  reagent  was  placed  upon  the  hairs,  and  in  the  case  of  complete 
immersion  of  a  few  hairs  in  a  bottle,  1  hour  26  minutes  after  immersion,    llie 
colour-changes  which  take  place  are:  (I)  The  purple  sap  turns  light  blue,  then 
greenish ;  (2)  the  nucleus  and  cytoplasm  take  up  the  stain ;  and  finally  (3)  the 
colour  disappears  entirely,  leaving  only  the  brownish  colour  due  to  the  reagent. 
In  a  10  per  cent,  solution  of  ammonia  the  movement  continues  in  some  of  the 
cells  for  16  minutes.    The  colour-chang^  are  interesting :  (1)  the  sap  first  of  all 
becomes  light  blue,  with  slow  cytoplasmic  movement ;  (2)  clark  blue,  movement 
stopped,  and  coagulation  taking  place ;  (3)  green,  protoplasmic  strands  completely 
broken  up,  coagulation  masses  aoundant ;  (4)  bright  green,  cytoplasmic  strands 
almost  completely  broken  up  and  disintegrated.    "Hie  nucleus  remains  colourless, 
and  when  the  green  colour  oe^ins  to  disappear,  it  is  found  at  one  end  or  on  the  side 
of  the  cell,  surrounded  by  a  thick  layer  of  granules  from  the  cytoplasm.    It  then 
begins  to  swell  up,  the  sap  becomes  lighter  and  lighter  in  colour,  and  gradually 
disappears,  and  finally  there  is  left  in  the  cell  only  a  colourless  mass  of  disintegrated 
protoplasm. 

Under  normal  conditions  the  flowers  of  Tradescantia  last  for  one  day  only. 
They  open  early  in  the  morning  and  begin  to  close  up  at  night.  This  is  accom- 
panied by  disintegration  of  the  cells  of  the  petals  and  stamens,  which  become 
converted  into  a  pulpy  mass  in  the  course  of  about  two  days.  The  protoplasm  is 
completely  broken  up  in  the  majority  of  the  cells,  just  as  in  the  ammonia  solution. 
If,  however,  staminal  hairs  l>e  taken  from  the  flower  in  the  middle  of  the  day 
and  placed  in  water,  the  disintegration  of  the  cell  does  not  take  place  for  a  mucn 
longer  time,  even  after  the  cell  is  dead.  The  cells  may  remain  in  the  living  condition 
for  several  days.  In  one  of  my  experiments  a  fitirly  brisk  protoplasmic  movement 
was  visible  in  two  or  three  cells  twenty-four  days  after  oeinf  placed  in  water. 
In  the  dead  cells  tiie  nucleus  is  coloured  green  and  remains  so  ror  several  days. 

Staminal  hairs  taken  from  an  open  flower  later  in  the  day  (8  P.K.)  afready 
showed  signs  of  disintegration,  and  in  the  course  of  two  days  had  become  com- 
pletely disintegrated. 

Hurs  completely  embedded  in  a  layer  of  vaseline  still  showed  protoplasmic 
movements  in  a  few  of  the  cells  at  the  end  of  six  days.  In  the  dead  cells  the 
cobured  sap  could  not  escape,  but  the  nucleus  did  not  become  stained,  and  in  a 
very  short  time  both  it  ana  the  cytoplasm  had  become  almost  completely  dis- 
integrated. This  seems  to  indicate  that  possibly  the  cell-eap  plays  some  part  in 
the  rapid  protoplasmic  disintegration  which  takes  place  when  the  flower  is  in  its 
pulpy  condition.  But  further  experiments  are  necessary  before  this  can  be  satis- 
factorily determined.  
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3,  On  the  LocaUaation  o/AtUhoeyan  (red-^seU  sap)  in  Foliage  Ltantm 
By  J.  Parkin,  M.A. 

There  Ib  an  impreeaion,  the  author  believeny  amoogst  botanute  that  the  pigmeat 
known  as  anthocyan  resides  as  a  rule  in  the  epidermia  of  the  leaf.  No  extenshra 
investigation  seems  to  have  been  made  to  see  now  £ar  this  view  is  correct.  The 
author  has  so  (bx  submitted  to  miciosoopio^  examination  four  hundred  diffenofc 
instances  of  anthocyan  occurring  in  foliage  leayes.  Hie  species  inyestigated  iadnde 
monocMylous  and  dicotylous  trees,  shrubs,  and  herbs,  together  with  a  few  fetoL 
The  anthocyan  of  leaves  can  be  divided  into  four  main  categories : — 

(1)  The  tramitory  anthocyan  of  young,  leaveg, — ^This  appears  duzioff  the  de- 
velopment of  the  leaf,  disappearing  again  on  maturity.  It  is  a  marked  leatore  d 
tropical  foliage,  though  it  occurs  less  strikingly  in  many  plants  of  temperate 
regions.  Number  of  species  so  far  examined,  2^.  The  anthocyan  ia  confined  to 
the  mesophyll  in  64  per  cent,  of  these,  to  the  epidermis  in  20  per  cent.,  and  m 
common  to  both  in  16  per  cent 

(2)  '  Autumnal^  anthocyan, — ^Thii  appears  in  many  old  leaves  as  thej  diai^ 
colour  nrevious  to  their  fall  Number  of  species  examined,  81.  The  anthocyan  is 
confineu  to  the  meeopbvll  in  78  per  cent  of  these,  to  the  epidermis  in  ^11  per 
cent.,  and  is  common  to  both  in  11  per  cent. 

(3)  The  permanent  anthocyan  of  mature  leaves,— This  appears  as  the  leaf 
matures,  and  persists  throughout  the  life  of  the  leaf  as  a  normal  character.  This 
category  includes  (a)  leaves  with  uniformly  red  bwer  surfaces ;  (b)  leaves  with 
definite  pigmented  areas  in  the  form  of  spots,  blotches,  or  zones ;  and  (c)  leaves  of 
horticultural  varieties,  with  coloured  foliage.  Number  of  species  examined,  54. 
The  anthocyan  is  confined  to  the  epidermis  in  70  per  cent,  of  theee,  to  the 
mesophyll  in  17  per  cent.,  and  is  common  to  both  in  13  per  cent. 

(4)  The  accidental  anthocyan  qf  mature  leaves. — In  distinctbn  from.  (3)  thit 
is  not  normally  present  in  the  mature  leaves,  but  arises  only  under  exceptional  ooo- 
ditions,  such  as :  (a)  excessive  insulation,  followed  by  cool  nights,  seen  in  Alpisi 
plants  and  in  evergreens  during  winter ;  (b)  the  result  of  injury,  a  reddish  soae 
often  appears  round  a  wound  in  a  leaf;  and  (c)  throu^  the  accidental  exposure  d 
the  lower  surface  to  the  full  rays  of  the  sun.  The  greater  sensitiveneaa  of  the 
under  surface  of  the  leaf  to  reddening  is  a  fact  of  some  interest  and  seems  to  han 
been  unrecorded. 

Thirty  cases  have  been  examined,  and  in  the  majority  of  these  the  anthocyan 
was  confined  to  the  mesophyll. 

In  summary,  then,  the  anthocyan  of  young  leaves  and  of  autumnal  leaves  ii 
usually  confined  to  the  mesophyll ;  that  of  mature  leaves,  when  a  normal  feature  to 
the  epidermis,  and  when  an  exceptional  one  to  the  mesophyD.  Thus  the  mesophyll, 
t.e,  the  chlorophyll  cells,  appears  to  be  the  usual,  and,  perhaps,  the  more  primitive 
position  for  the  red  sap  in  leaves. 

The  fact  that  anthocyan  is  usuall^j^  present  only  in  the  mesophyll  of  young 
leaves  seems  to  weaken  somewhat  the  view  that  its  function  there  is  to  protect  the 
chlorophyll  by  absorbing  the  destructive  solar  rays. 

The  author  is  inclinea  to  think  that  the  biological  significance  of  this  pigmeot 
has  been  overrated,  and  that  .the  majority  of  cases  may  be  capable  of  expUnalaoa 
on  purely  chemical  or  physiological  grounds. 


4.  The  Forest  Resources  of  Australia  available  Jor  British  Commerce, 

By  E.  T.  SCABIMBLL. 

Forest  conservation  and  development. — One  of  the  most  important  dutiee 
requiring  the  early  attention  of  the  Federal  Government  of  Australia  is  that  of 
dealing  with  the  forest  resources  of  the  Commonwealth.  At  present  the  foi&X 
J^ws  and  regulations  in  force,  according  to  the  judgment  of  the  Victorian  Boya| 
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Commiasion  on  Forestry  0^l)y  are 'weak,  una jstematici  and  inefficient.'  This 
has  been  acknowledged  at  difierent  times  by  the  Tarioua  €K)Temnients  of  the 
Australian  States,  and  desultory  efibrts  to  introduce  some  scheme  of  State  regular 
"don  have  been  made,  but  no  scientific  and  comprehensive  plan,  on  the  lines  laid 
down  by  France,  Germany,  or  India,  has,  apparently,  been  seriously  considered 
or,  at  any  rate,  attempted.  Referring  to  the  need  of  forest  conservation  and 
management  in  Greater  Britain,  Professor  W.  Schlioh  says :  '  Surely  the  time  has 
come-— or  rather  it  came  some  time  ago — for  a  more  vigorous  forest  policy  on 
sensible  lines  throughout  the  Empire.  Let  us  strive  to  introduce  systematic  forest 
management,  more  particularly  into  Canada  and  Australasia.' 

The  labours  of  the  Victorian  Gommission  have  resulted  in  a  strong  recommen- 
dation that  the  action  of  the  Government  of  India  should  be  followed  by  the 
legislatures  of  Australia,  and  a  commission  has  been  appointed  for  the  purpose  of 
obtaining  information  and  of  recommending  measures  for  dealing  with  the  forests 
in  Western  Australia. 

Thefcrett  areas  of  AuBtralia. — ^The  magnitude  and  importance  of  the  interests 
involved  may  be  judged  by  the  fact  that  the  forest  areas  of  Australia  comprise 
107,037,000  acres  of  marketable  timber,  or  nearly  half  the  areas  of  the  forest  lands 
of  Europe,  excluding  Russia.  Of  these  areas  Queensland  possesses  about  forty 
million  acres.  New  South  Wales  twenty  million,  Victoria  twelve  million,  South 
Australia  four  million.  Western  Australia  twenty  million,  and  Tasmania  eleven 
million*  To  this  should  be  added  considerable  areas  in  Queensland  (over  100 
million  acres)  and  in  Western  Australia  (over  seventy  million  acres)  covered  with 
inferior  timber,  which  has  a  local  vfdue  for  building  and  for  general  purposes. 

Their  nearness  to  the  coast, — Most  of  the  important  forests  of  Australia  are 
fairly  accessible  from  the  sea.  This  especially  applies  to  the  belts  of  jarrah  and 
karri  in  Western  Australia,  and  to  Tasmania,  whose  forests  of  blue  gum  and 
stringy  bark  grow  down  to  the  shores  of  that  island. 

Ihe  commercial  timbers  of  Australia. — ^The  timbers  of  the  Commonwealth  are 
of  many  varieties,  and  some  of  them  are  of  high  commercial  value.  The  chief  of 
these,  as  shown  in  the  great  work  of  the  late  Saron  von  Mueller,  are  the  eucalvpts. 
Of  this  valuable  timber  alone  there  are  over  160  species.  Besides  the  eucalypta 
there  are  many  kinds  of  casuarinas  (the  Australian  oak),  some  conifers  (the  Moreton 
Bay  pine,  the  cypress  pine,  the  brown  pine,  or  colonial  deal,  and  others),  many 
acacias  (the  Australian  wattle),  Banksias,  and  numerous  other  varieties. 

At  present,  however,  the  range  of  Australian  wood  available  for  British 
commerce  is  limited.  Western  Australia  and  Tasmania  are  the  only  States  that 
have  seriously  dealt  with  ^e  question  of  exporting  timber  or  of  usbg  their  forest 
resources  as  a  valuable  commercial  asset. 

Conclusion, — My  object  in  bringing  forward  at  these  meetings  a  practical 
subject  of  this  nature  is  to  aid,  so  far  as  one  can,  the  efforts  that  are  being  put  forth 
by  scientific  as  wdl  as  commercial  men  to  promote  the  interests  of  our  colonies, 
the  development  and  progress  of  which  cannot  fail  to  be  of  deep  concern  to  the 
members  of  this  Association.  It  will,  I  am  sure,  bs  readily  granted  that  the  more 
widely  the  products  and  the  possibilities  of  our'  great  colonial  possessions  are 
known,  the  more  dearly  will  the  &ct  be  accentuated  that  our  interests,  whether 
scientific,  industrial,  or  commercial,  are  one. 


5.  On  the  Fresenxition,  Seasanvngj  and  Strengthening  of  Timber 
by  the  Powell  Process,    By  Wm.  Powell. 

The  timber  to  be  treated  is  put  into  a  solution  of  common  sugar  and  water 
(or  the  refuse  syrup  of  beet-sugar  refining,  with  added  water)  and  boiled  in  this 
solution  imtil  the  air  in  the  interstices  of  the  timber  is  exhausted ;  the  timber, 
still  covered  by  the  syrup,  is  allowed  to  cool  down  to  30^  0.  or  less,  by  which 
time  the  air-spaces  are  filled  with  syrup.  The  t^in^ber  is  thw  removed  and  dried 
ffX  S  ^rly  hi^h  temperature  in  stores* 
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The  process  is  a  tm^  simpla  one,  though  nAtnrally  each  ptrticiilmr  land  of 
timber  requires  some  modiOcstion  of  the  process  suited  to  its  nature. 

Numerous  experiments  have  been  made  by  independent  authoritiea  with,ia 
many  cases,  astonishing  results.  The  breaking  strain  of  yellow  pine  had  bees 
increased  fitxn  50  to  100  per  cent,  and  all  timber  so  treated  was  improred  in 
toughness  and  strength.  Paving  blocks  of  yarious  kmds  of  timber  had  been 
processed  and  then  soaked  for  fourteen  days  in  water,  when  it  waa  found  that 
the '  Powellised '  blocks  only  absorbed  Crom  one>fifth  to  one-half  the  quantity  taken 
in  hr  the  natural  wood. 

Other  interesting  figures  and  details  werenven,  and  specimens  of  *  PoweUised ' 
and  natural  timber  exhibited  showing  the  <£ange  efiected  by  the  process  in  the 
various  kinds  of  wood  in  daily  use. 


6.  Plants  on  the  Serpentine  Rocke  in  the  North-East  of  Scotland, 
By  W.  WiLSOK. 
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Section  L.-.EDUCATIONAL  SCIENCE. 

President  of  the  Section. — Sir  William  de  W.  Abney,  K.O.B., 
D.C.L.,  D.Sc,  F.R.S. 


THURSDAY,  SEPTEMBER  10. 

The  President  delivered  the  following  Address : — 

The  Section  over  which  I  have  the  honour  to  preside  deals  with  every  hranch 
of  education.  It  is  manifest  that  in  an  Address  your  President  cannot  deal  with 
all  of  them,  and  it  remained  for  me  to  choose  one  on  which  I  might  remark  with 
advantage.  As  my  official  work  during  the  last  thirty-three  years  has  been  con- 
nected with  education  in  science,  I  think  I  cannot  do  better  than  take  as  my 
subject  the  action  that  the  State  has  taken  in  encoiuraging  this  form  of  educa- 
tion, and  show  that  through  such  action  there  has  been  a  development  of 
scientific  instruction  amongst  the  artisan  population  and  in  secondary  day  schools. 
The  development  may  not  indeed  have  been  to  the  extent  hoped  for,  but  it  yet 
remains  that  solid  progress  has  been  made. 

I  have  chosen  the  subject  deliberately,  as  I  find  that  there  are  very  few  of 
those  who  have  the  interests  of  education  strongly  at  heart,  or  who  freely  criticise 
those  who  have  borne  the  burden  of  the  past,  that  haye  any  knowledge  of  the 
trials  and  difficulties  (some  of  its  own  creating,  but  others  forced  on  it  by  public 
opinion)  which  the  State,  as  represented  by  the  now  defunct  Science  and  Art 
Department,  had  to  contend  with  in  its  unceasing  missionary  efibrts  in  the  cause 
of  scientific  instruction.  I  shall  not  attempt  to  do  more  than  show  that  whatever 
its  defect  may  have  been  in  tact,  whatever  its  shortcomings  in  method,  that 
Department  still  deserved  well  of  the  country  for  the  work  that  it  did  in  regard  . 
to  the  fostering  of  scientific  instruction  in  the  country  at  large. 

As  far  back  as  1852  the  Gk)vemment  of  the  da^r,  influenced  very  largely  by 
the  Prince  Consort,  realised  that  it  had  an  educational  duty  to  perform  to  the 
industrial  classes.  Whether  it  was  influenced  by  philanthropic  motives  or  from. 
the  evidence  before  it  that  if  Great  Britain  was  to  maintain  its  commercial  and 
industrial  supremacy  scientific  instruction  was  a  necessty,  it  matters  little.  The 
fact  remains  that  it  determined  that  the  industrial  classes  should  have  an  oppor- 
tunity of  acquiring  that  particular  kind  of  knowledge  which  would  be  of  service 
to  them  as  craftsmen.  In  this  year  1852  the  Speech  from  the  Throne  contained 
these  words :  *  The  advancement  of  Fine  Arts  and  of  Practical  Science  will  be 
readily  recognised  by  you  as  worthy  of  a  great  and  enlightened  nation.  I  have 
directed  that  a  comprehensive  scheme  shall  be  laid  before  you,  having  in  view  the 
promotion  of  those  objects^  towards  which  I  invite  your  aid  and  co-operation.' 

It  is  somewhat  remarkable  that  the  then  Ministry,  of  which  Lora  Derby  was 
the  chief  and  Mr.  Disraeli  the  Chancellor  of  the  Exchequer,  did  not  survive  to 
promulgate  the  scheme,  which  proposed  theoretical  rather  than  practical  science, 
but  that  their  successors,  under  jLord  Aberdeen,  issued  it  and  commenced  to 
carry  it  into  efiect.  In  1853  the  Department  of  Science  and  Art  was  esta- 
blished under  the  direction  of  Mr.  Cole.  Since  1835  so-called  Schools  of 
Design  had  been  in  being.    These  came  under  the  new  Department,  and  it  was 
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determined  to  establish  science  classes  for  instrnction  in  science.  Dr.  Lyim 
PUjrfair,  the  well-known  chemisti  being  charged  with  the  daty.  Playfaiz 
resigned  in  1858,  and  in  1859  Mr.  Cole  induced  a  young  En^pneer  officer,  I^ut 
Donnelly,  to  undertake  the  inspection  and  or^nnisation  ot  science  inatmeticm 
througliont  the  country.  It  was  through  this  officer's  untiring  energy  and  zmI 
that  tne  classes  in  saence  flourished  and  were  added  to  at  this  early  stage  of 
the  new  Department's  history.  The  same  energy  was  displayed  by  Dovinellj 
during  the  whole  of  his  long  career  in  the  service  of  the  State,  and  I  feel  that  it 
was  fortunate  for  myself  to  have  served  so  many  years  as  I  did  under  one  to  whom 
the  country  at  large  owes  a  deep  debt  of  gratitude* 

Not  long  ago  he  passed  away  from  us,  and  there  will  be  no  more  lasting 
memorial  to  him  than  that  which  he  himself  erected  during  his  lifetime  in  the 
fostering  that  form  of  education  which  is  of  such  vital  importance  to  the  nationsl 
well-bemg. 

To  revert  to  history,  I  may  record  that  the  first  idence  examinatioiis  conducted 
by  the  State  took  place  in  May  1861,  and,  the  system  of  grants  being  made  on  the 
results  of  examination  having  been  authorise,  the  magnificent  sum  of  1,9001 
was  spent  on  this  occasion  on  the  instruction  of  650  candidates,  that  number  having 
been  examined.  Thus  early  was  the  system  of  examination  commenced  in  Uie 
Department's  career,  and  the  method  of  payments  on  the  results  of  these  examina- 
tions stereotyped  for  many  years  to  come.  There  is  reason  to  believe  ihnt  the 
educational  experts  of  that  day  considered  that  both  were  essential  and  of  educa- 
tional value,  a  value  which  has  dnce  been  seriously  discounted.  Employers  of 
labour  in  this  country  were  not  too  quick  in  discerning  the  advantages  that  must 
ultimately  ensue  from  this  class  of  education  if  properlv  carried  out  and  encouraged. 
Theoretically  they  gave  encouragement,  but  practically  very  little,  and  this  sm^ 
vives  to  some  extent  even  to  the  present  day.  Some  of  the  foremost^  employers, 
however,  gave  material  encouragement  to  the  formation  of  classes,  insi^ing  on 
their  employees  attending  evening  instruction ;  but  conspicuous  above  all  wu 
Mr.  Whitworth,  who,  in  1868,  placed  in  the  hands  of  the  Department  the  sum  of 
100,000/.,  to  be  devoted  to  the  creation  of  scholarships,  which  were  to  be 
awarded  at  the  annual  May  examinations.  The  proviso  made  by  him.  was  that 
all  competitors  were  to  have  had  experience  in  practical  work  in  an  engineering 
establishment.  Such  candidates,  it  was  evident,  must  have  ibund  out  tioeir  own 
weakness  in  education,  and,  by  working  in  science  classes,  could  make  up  their 
deficiencies,  and  the  award  of  these  scholarships  woxdd  enable  them  to  stadj 
further.  Sir  J.  Whitworth  was  far-seeing  and  almost  lived  before  his  age,  but  the 
benefits  that  he  has  conferred,  not  only  on  individuals,  but  on  science  and 
industries,  by  his  generosity  will  make  his  name  to  be  remembered  for  generatioiis 
to  come.  To  have  been  a  Whitworth  scholar  gives  an  entrSe  into  various  Gtevem- 
ment  and  engineering  posts,  and  we  have  in  the  fr^nt  rank  of  science  men  who 
have  held  these  scholarships  and  whose  names  stand  prominent  in  the  develop- 
ment of  engineering. 

Incidentally,  I  may  say  that  no  country  but  this,  for  very  many  years,  con- 
sidered that  instruction' in  science  for  the  artisan  was  a  luge  fhictor  in  maintJtining 
and  develo}>ing  industry.  The  educational  interests  of  the  employer  and  the  fine- 
man  were,  in  some  countries,  well  provided  for,  but  the  mechanic  was  merdy  a 
band,  and  a  '  hand '  trained  in  merely  practical  work  he  was  to  remain.  He  could 
not  aspire  to  rise  beyond.  We  may  congratulate  ourselves  that  such  a  'caste' 
system  does  not  exist  amongst  ourselves. 

For  the  first  twenty-five  years  of  the  Department  of  Science  and  Art  tlM 
grants  given  by  Parliament  for  science  instruction  were  distributed  almost 
entirely  amongst  those  who  were  officially  supposed  to  belong  to  the  industrial 
classes,  and  no  encouragement  was  offered  to  any  higher  class  in  the  social  scale. 

It  would  take  me  too  long  to  show  that  at  first  the  industrial  classes  were  veiy 
shy  of  seizing  on  the  advantages  offered  them.  Suffice  it  to  say  that  they  had  to 
be  bribed  by  the  offer  of  prizes  and  certificates  of  success  to  attend  instruction, 
and  it  was  not  for  several  years  that  the  evening  classes  got  acdimatified  and 
became  popular. 
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Tlie  evening  instruction  was  then  largely  attended  by  adults.  That  this 
ras  the  case  may  be  judged  by  the  fact  that  the  average  age  of  candidates  who 
btained  successes  in  advanced  chemistry  was  about  twenty^five  and  in  elementary 
hemistiy  about  twenty-one.  I  have  alluded  to  the  apathy  displayed  by  employers 
nd  by  the  artisans  in  the  early  days  of  the  Department  of  Science  and  Art.  The 
auses  which  dispelled  it  in  lioth  employers  and  employed,  in  regard  to  science 
Qstmedon,  will  be  found  in  the  following  extract  £rom  a  report  oy  the  Depart^ 
Qent  of  Scaence  and  Art : — 

'  The  Paris  Exhibition  (1867)  caused  the  work  of  this  country  to  be  brought 
ato  close  comparison  with  that  of  the  rest  of  the  Continent,  and  in  many  points 
K>th  of  manuiacture  and  of  skilled  labour  it  was  found  England  did  not  stand  in 
uch  a  good  position  as  she  had  done  a  few  years  back.    Dr.  Playfair,  in  a  letter 

0  the  Timetf  drew  attention  to  this,  attributing  much  if  not  all  the  evil  to  the 
leficiency  of  our  technical  education  among  the  srtisan  class.  The  substance  of 
his  letter  was  taken  up  by  many  persons  of  influence  during  the  autumnal  recess, 
kiid  it  led  to  a  sort  of  educational  panic,  the  cry  for  technici^  education  becoming 
riiite  the  absorbing  topic  among  all  circles  and  forming  a  considerable  portion  of 
lie  contents  of  all  periodicals.  Meetings  were  convened  and  addresses  delivered 
ill  over  the  countiy,  and  the  question  was  so  much  ventilated  that  important 
thangee  were  anticipated  in  the  educational  arrangements  of  the  country  during 
he  coming  session  of  Parliament,  which  unfortuna^y  were  put  off  on  account  of 
iie  debates  on  the  Keform  Bill  of  1868. 

'  The  agitation  necessarily  brought  forward  the  work  of  the  Science  Division 
>f  the  Science  and  Art  Department,  and  it  b  not  a  little  remarkable  bow  completely 
.he  system  which  had  been  growing  up  since  1860  seemed  to  meet  all  the  require- 
nents  of  the  case,  and  at  the  same  time  how  few  persons  had  any  idea  of  its 
>rovisions  in  spite  of  all  that  had  been  done  to  spread  a  knowledge  of  the  scheme. 

'  There  can  be  no  doubt,  however,  but  that  tnis  six  years'  work  had  silently, 
;hough  materially,  effected  n  change  in  the  general  tone  of  feeling  on  the  subject 
if  scientific  education,  and  had  been  tbe  means  of  preparing  the  country  for  the 
L867  aptation.  The  different  feeling  among  the  working-classes  on  the  subject 
B  forcibly  shown  in  the  Annual  I^^port  of  the  Science  and  Art  Department. 
From  this  it  appears  that  in  1860  a  pupil  in  one  of  the  science  classes  in  Man- 
shester,  a  town  usually  looked  upon  as  in  advance  of  others,  could  hardly  continue 
lis  attendance  at  the  class  owing  to  the  taunts  of,  and  ill-treatment  by,  his 
M>mpanions.  Nevertheless,  in  the  autumn  of  this  year,  1867,  hardly  enough  could 
t>e  said  or  done  to  satisfy  the  desire  for  science  classes  being  formed  for  those 
rery  persons  who,  but  six  years  before,  had  considered  attendance  ataGovem- 
nent  science  school  as  almost  against  the  rules  of  their  trade.' 

Such  was  the  account  of  1867  given  by  Mr.  G.  C.  T.  Hartley  (now  Sir  G.  Bart- 
ey,  M.P.).  The  plan  adopted  by  the  Science  and  Art  Department  for  encouraging 
nstruction  in  science  was  perhaps  the  best  that  could  oe  devised  at  the  time, 
.hough  we  now  know  that  it  was  capable  of  improvement.  It  may  be  mentioned 
hat  an  improvement  in  it  was  made  the  next  year  by  the  introduction  of  a  very 
arge  system  of  scholarships,  scholarships  which  have  enabled  the  possessors  in 
iome  instances  to  continue  their  studies  at  universities,  and  several  distinguished 
nen  owe  their  positions  to  this  aid.  It  was  in  this  same  year  that  Mr.  Whitworth 
established  his  scholarships,  as  before  described. 

I  have  endeavoured  to  give  a  brief  resume  of  what  was  done  during  the  first 
ifteen  years  of  tbe  existence  of  the  Science  and  Art  Department,  and  it  con- 
inued  to  expand  its  operations  after  1868  on  the  same  lines  for  another  ten  years. 
[n  1876  your  Presioent  became  connected  with  the  Department  as  a  Science 
Inspector.    I  am  sure  the  Section  will  forgive  me  if  I  am  somewhat  personal  for 

1  few  moments.  During  the  previous  ei^bt  years  I  had  had  the  honour  of  being 
i  teacher  of  some  branches  of  physical  saence  at  the  School  of  Military  Engineer- 
ng,  and  my  own  training  was  such  that  I  had  formed  a  very  definite  opinion  as 
X)  how  science  instruction  should  be  imparted,  both  to  those  who  had  a  good 
j^neral  education  and  also  to  those  who  had  not.  The  method  was  the 
same  in  both  cases :  it  should  be  taught  practically.    I  may  say  that  I  had  not 
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mjBelf  had  the  advantaffe  of  being  taught  science  at  school ;  I  had  ktnni  al 
I  knew  practically,  and  I  enterea  the  Department  follj  uqprossed  witk  ^ 
view.  Whenever  possible  I  have  till  the  present  time  endeaTOUzed  toimfma 
this  view  on  all  who  were  interested  in  the  work  of  the  Department.  Mneh  cSflk 
science  that  was  taught  in  State-supported  cla»es  was  laagtfy  book  woik  tsd 
cram,  and  the  theoretical  instruction  as  a  rule  was  tmillustrated  hy  cxBoi- 
ment  This  was  undoubtedly  due  to  the  system  of  payments  beti^  Imm  m 
success  at  the  examinations.  I  must  here  say  that  there  were  honooimUe  ett^ 
tions  to  this  procedure.  There  were  teachers,  then  as  now,  who  knew  the  sotjtcii 
they  taught,  and  who  were  inspired  by  a  genuine  love  of  their  calling.  I  eaa  e 
my  minas  eye  recall  many  such,  some  of  whom  have  joined  the  majcffitjia' 
others  who  are  still  at  work  and  as  suocessfid  now  as  then  in  ronsni  tk 
enthusiasm  of  their  students. 

I  am  not  one  of  those  who  think,  as  some  do,  that  craauning  is  eating  va- 
nicious.  A  good  deal  of  what  used  to  be  taught  at  public  8<£ools  in  mjim 
was  cram.  £;  served  its  purpose  at  the  time  in  sharpening  the  memory,  and  i« 
a  useful  exercise,  and  it  did  not  much  matter  if  in  after  years  mudi  of  Uv« 
forgotten.  If  the  cramming  is  in  science,  a  few  facts  called  back  to  mind  in  ifte 
life  are  better  than  never  having  had  the  chance  at  all.  In  iact,  as  tbe  tM 
beauty  replied  to  the  bom  plain  friend,  it  is  better  to  be  one  of  the  'have  bew' 
than  a  *  never  wasn't.' 

It  was  determined  to  make  a  vigorous  onslaught  against  teaching  thil  m 
nnillustrated  by  experiment,  and  to  encourage  practical  teaching  as  &r  as  eosM 
be  done.  Proper  apparatus  for  illustrating  lectures  was  insisted  upoo,  aod,  tA 
aid  from  the  Department,  was  eventually  provided,  thouf^h  in  some  isfUDni 
several  years*  pressure  had  to  be  exercised  before  it  was  obtained.  I  amboiii 
to  say  that  in  many  instances  after  it  had  been  procured  a  surprise  visit  bf  tk 
inspector  during  the  hours  of  instruction  often  found  that  the  lecture  tabkvM 
free  from  all  encumbrance,  and  that  the  dust  of  weeks  was  upon  the  appaaitt 
that  should  have  been  in  use.  This  was  sometimes  due  to  the  inability  id  tk 
teacher  to  use  the  apparatus  rather  than  to  a  wish  to  disregard  the  rui  hii 
down  by  the  Department ;  but  usually  it  was  due  to  the  fact  that  the  teubs 
found  cram  paid  best.  I  should  like  to  say  here  that  this  state  of  thiogs  doetioc 
exist  at  the  present  time,  and  that  the  training  of  science  teachers  by  the  Bojil 
Ollege  of  Science  and  by  other  institutions  has  completely  hroken  dowa  ib 
excuses  that  were  often  ofiered  at  that  time. 

The  first  grants  for  practical  teaching  were  paid  for  chemistry.  The  piaeticil 
work  had  to  be  carried  out  in  properly  fitted  laboratories.  There  were  not  kalf  i 
dozen  at  the  time  which  really  answered  our  purpose,  and  one  of  the  earliest  piece 
of  work  on  which  I  was  eng^pd  was  in  assisting  to  get  out  ^uis  for  lahonltr 
fittings.  These  were  very  similar  to  those  which  I  had  designed  for  tbe  S^ 
of  Military  Engineering  several  years  before.  Thanks  to  the  Bdncatioo  Act  d 
1870  (I  speak  thankfully  of  the  work  that  some  of  the  important  Sehool  Bou^ 
have  done  in  the  past  in  taking  an  enlightened  view  of  sci^ioe  instznotion)  ^ 
were  some  localities  where  tbe  idea  of  fitting  up  laboratories  was  leoeiTsa  «si 
favour,  and  it  was  not  long  before  several  old  ones  were  refitted,  in  whkh  httnt- 
tion  to  adults  was  given,  and  new  ones  established  in  Board  Schoda  for  the  \m^ 
of  the  Sixth  Standard  children.  At  that  time  an  inspector's,  like  the  pdSemui' 
lot  was  not  a  happy  one.  We  had  to  refuse  to  pass  laboratmea  which  £1  sit 
fulfil  conditions,  though  we  left  very  few  '  hard  cases.' 

Till  after  the  passing  of  the  Technical  Instruction  Act  in  1887  the  De]iiit»i^ 
aided  schools  in  the  purchase  of  the  fittmgs  of  laboratories  (both  hernial  n^ 
others),  and  year  after  year  this  help,  which  stimulated  local  efifort,  caused  hip 
numbers  of  new  laboratories  to  be  added  to  the  recognised  list.  After  bz  « 
seven  years  we  had  a  hundred  or  more  laboratories  at  work  of  what  1  xaay  a^ 
*  sealed-pattern  efficiency.'  I  am  not  very  partial  to  sealed  patteraa,  but  tk^ 
are  useful  at  times,  for  they  tell  {>eople  what  is  the  least  that  ia  expected  ftsB 
them.  The  pattern  was  not  without  its  defects ;  but  laboratories,  Wk»  <Aa 
matters,  follow  the  law  of  evolution,  and  the  more  recently  fitted  ones  shofw  diil 
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the  experience  ffained  whilst  teaching  or  being  taught  in  a  sealed-pattern  type 
has  led  to  marked  improvementB.  Personally  I  am  of  opinion  that  only  neces« 
saries  should  be  required,  and  I  rebel  against  luxuries;  for  a  student  trained 
by  means  of  the  latter  will,  as  a  rule^  in  afber  life  fail  to  meet  with  anything 
beyond  the  mere  essentials  for  carrying  on  his  scientific  work. 

The  sealed  pattern  is  practically  in  abeyance^  though  it  can  be  trotted  out  as 
a  bogey,  and  any  {>roperly  equipped  laboratory  is  recognised  so  long  as  it  meets 
the  absolute  necessities  of  instruction. 

The  half-dozen  chemical  laboratories  which  existed  in  1877  have  now  expanded 
to  849  physical  and  774  chemical  laboratories.  These  are  spread  o?er  all  parts 
of  Engund.  I  leave  out  ScoUuid  and  Ireland,  as  the  science  teaching  is  no  longer 
under  tiie  English  Board  of  Education. 

It  is  only  fair  to  say  that  many  of  this  large  number  of  laboratories  are  at 
present  in  secondary  schools,  regarding  which  I  shall  have  to  speak  more  at  len^h. 
but  the  fact  remains  that  in  twenty-seven  years  there  has  been  such  a  growth  of 
practical  science  teaching  that  some  1,120  laboratories  have  come  into  b^g.  My 
predecessor  in  the  Chair  ukes  to  call  laboratories '  workshops.'  I  have  no  objection, 
out  the  reverse ;  for  the  word  '  laboratory,'  like  '  research,'  sounds  too  magnificent 
for  what  is  really  meant,  and  all  education  should  more  or  less  be  carrid  out  in 
workshops. 

The  increase  is  as  satisfactory  as  it  is  remarkable.  It  was  only  possible  to 
increase  the  numbers  in  early  days  by  gentle  pressure  and  prophesying  smooth 
things  which,  happily,  did  eventually  come  to  pass.  In  later  days  the  increase 
has  Deen  almost  automatic.  The  Technical  Instruction  Act  has  called  into  being 
technical  instruction  committees  who  in  many  cases  have  taken  up  science  instruc- 
tion in  their  districts  in  earnest.  They,  too,  have  had  public  money  to  allocate,  and 
not  a  little  has  gone  in  the  encouragement  of  practical  education.  It  may,  how- 
aver,  be  remarked  that  had  it  not  been  for  tne  preliminary  work  that  had  been 
ione  by  the  Science  and  Art  Department  it  is  more  than  probable  that  the 
Technical  Instruction  Act  of  1887  would  never  have  seen  the  light. 

A  reference  must  now  be  made  to  the  removal  of  what  anyone  will  see 
vas  a  great  bar  to  the  spread  of  sound  instruction  in  every  class  of  school  where 
cienoe  was  taught.  So  long  as  the  student's  success  in  examination  was  the 
est  which  regulated  the  amount  of  the  grant  paid  by  the  State,  so  long  was  it 
mpoesible  to  insist  on  all-round  practiou  instruction.  It  was  impracticable  to 
lofd  practical  examinations  for  tens  of  thousands  of  students  in  some  twenty 
lifferent  subjects  of  science.  The  practical  examination  in  chemistry  told  its  tale 
>f  difficulties.  It  was  only  when  the  Duke  of  Devonshire  and  Sir  John  Gbrst  in 
898  substituted  for  the  old  scheme  of  payments  ^yment  for  attendance,  and 
1  a  larpfe  measure  substituted  inspection  for  examination,  that  the  Department 
ould  still  further  press  for  practical  instruction.  For  all  elementary  instruction 
ie  test  of  outside  examination  does  more  harm  than  good,  and  any  examination 
1  the  work  done  by  elementary  students  should  be  carried  out  by  the  teacher, 
dd  should  be  made  on  the  alSsolute  course  that  has  been  given.  It  seems  to 
9  useleea  or  worse  that  an  examination  should  cover  more  than  this.  Instruction 
t  a  set  fi^llabus  which  for  an  outside  examination  has  to  be  covered  spoils 
le  teaching  and  takes  away  the  liberty  of  method  which  a  ^ood  teacher 
lould  enjojr.  The  literary  work  involved  of  answering  questions,  for  an 
itside  examiner,  is  also  against  the  elementary  student's  success,  and  cannot  be 
[ual  to  that  which  may  properly  be  expected  from  him  a  couple  ofyears  later. 

Adyanced  instruction  appears  to  be  on  a  different  footing.  The  student  in 
[yanoed  science  must  have  gradually  obtained  a  knowledge  of  the  elementary 
rtions  of  the  subject,  and  it  is  not  too  much  to  ask  him  beyond  the  inspection 
his  work  to  express  himself  in  decent  EnfflifJi  and  submit  to  examination  from 
9  outside ;  but  even  here  the  payment  K)r  such  instruction  should  be  by  an 
:endance  grant  tempered  in  some  degree  by  the  restdts  of  examination,  since 
aminers  are  not  always  to  be  trusted. 

The  attendance  grant  was  not  viewed  by  some  with  great  favour  at  first,  and 
>te6t0  were  ?eoeiyea  ag^ainst  its  adoptioui  a  &yoDrite  complaint  being  that  it     , 
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was  sure  to  entail  a  loss  of  grant  One  became  Buspicioiia  that  boom  of 
who  protested  were  aware  tlutt  the  last  bulwark  which  defended  the  eainiif  of 
grrants  by  cram  was  being  removed,  and  that  inspection  might  proTe  mote  iinBe 
than  examination.  This  is  past  history  now,  and  the  new  systrai  woda  ii 
smoothly  as  the  old  and  with  not  more  complaints  than  are  to  be  always  emttaL 

As  I  have  said,  grants  were  for  yery  many  years  supposed  to  be  rmiTOed  ti 
aiding  the  instruction  of  the  industrial  classes,  but  this  limitation  was  move  noauHl 
than  real.  It  might  probably  be  imagined  that  it  was  no  Texy  <iifli^'iilt  tmk  to 
distinguish  an  artisan  and  his  children  from  students  who  belonged  to  the  middh 
classes.  This  was  not  the  case,  however.  Children  bdongin^  to  the  mdoBtrial  dm 
were,  on  joining  a  science  class,  obliged  to  state  the  occupation  of  the  fadier,  aaiii 
was  no  uncommon  thing  for  fiithers  to  be  given  brevet-rank  by  their  dnlte. 
Thus,  a  bricklayer's  son  would  describe  his  father  as  a  '  builder,'  which,  if  tm, 
ought  to  have  brought  him  into  the  ranks  of  the  middle  class.  These  nnaathD- 
rised  promotions  were  one  of  the  difficulties  the  inspector  had  to  face  when  jedn 
as  to  the  status  of  the  parents.  This  difficidty  was  laigely  noet  by  a  role  uit 
all  those  who  attended  evening  classes  were  sunposed  to  be  of  the  indnitiiil 
class ;  but  as  day  classes  increased  the  numbers  of  those  who  by  no  pnenJbflitT  toM 
be  of  the  artisan  class  also  increased,  and  it  became  a  very  invidious  diity  of 
the  inspector  to  put  M.O.  (Middle  Class)  against  the  names  of  many.  Itwii 
determmed  by  superior  authority  that  only  those  students  or  their  parats  vk 
could  claim  exemption  from  income-tax  should  be  reckoned  as  oonuoff  withia  tk 
category  of  industrial  students.  In  early  days  the  qualificatioa  for  nhsfrmnnt  as 
income-tax  was  a  much  lower  figure  thsA  it  is  to>day,  and  almost  each  BnciKd*ng 
Chancellor  of  the  Exchequer  has  raised  the  figure  of  the  income  on  iHksth  tk 
abatement  could  be  claimed.  To-day  it  is,  I  believe,  7001.  a  year,  bringing  the  dfaU 
definition  as  to  membership  of  the  industrial  classes  to  an  absuzditj.  It  htcum 
evident  to  the  official  mind,  which  some  people  are  good  enou^  to  say  wods  het 
slowly,  that  the  definition  must  be  amended  or  the  limitation  abAttwhi^.  Tb 
progress  of  events  happily  made  the  abolition  the  bett^  plan,  and  was  the  masi 
of  ulowing  inroads  of  saence  instruction  to  be  made  into  seccoidarj  day  sebook 

The  history  of  these  inroads  I  shall  now  ffive.  Instruction  given  in  so-oJkd 
organised  science  schools  was  originally  aided  by  the  Department  by  msass  sf  i 
somII  Capitation  Qrant.  These  schools  were  supposed  to  give  an  organised  eoon 
of  science  instruction,  and  the  successes  at  eTsmination  determined  the  pajvsil 
They  were  not  satirfactory  as  at  first  constituted,  and  they  so  dwindkdawsf  ■ 
numbers  that  in  1890  only  some  one  or  two  were  left.  A  small  increass  in  Qfi* 
tation  Giant  in  1892  revived  some  of  them,  andafair  number  existed  in  tlwfefios- 
in^  year.  There  was  no  doubt,  however,  that  the  eonditioos  under  which  tbF 
existed  were  most  unfavourable  for  a  sound  education,  which  ocght  not  oaK  to 
include  science  but  also  literary  instruction.  The  latter  was,  in  maaj  sditoh, 
wholly  neglected,  owing  to  the  &ct  that  the  grants  earned  depended  on  tfe 
results  of  examination,  a^  so  all  the  school  time  was  devoted  to  grant  eanm^. 

Mr.  Adand,  at  this  time  Minister  for  Education,  was  mads  aware  of  tk* 
neglect  to  give  a  good  general  education,  and  as  I  was  at  that  time  iispoiiiWr 
for  science  instruction  I  was  directed  to  draw  up  a  scheme  for  reoxganisiag  that 
schools  and  forcing  a  general  as  well  as  scientific  education  to  be  eanied  oA 
BaldW  the  scheme  abolished  almost  entirely  ^  payments  on  resolta  of  examiMwa 
and  the  rate  of  grant  depended  on  inspection  and  attendance  Further,  a  oeftas 
minimnm  number  of  hours  had  to  be  given  to  literary  snljects,  and  aaote 
minimum  to  science  instruction,  a  great  deal  of  it  bein^  practical  and  haviafto 
be  carried  out  in  the  '  woikshop.'  The  payments  for  science  instznctioa  wen  to 
be  withheld  unless  the  inspector  was  satisfied  that  the  liteiaiy  part  of  ^ 
education  was  given  satisfactorily. 

The  scheme  was  accepted  and  promulgated  whilst  the  Royal  rfimaiiiaiiii  m 
Seoondaiy  Education  was  sitting,  and,  if  I  may  be  allowed  to  say  so,  Mr.  Adnf  i 
tenure  of  office  would  be  long  remembered  for  this  innovation  akne,  since  mkhi 
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took  a  wide  departure  from  the  traditional  methods  of  the  Department  and  created 
a  class  of  secondary  school  which  differed  totally  from  those  t^en  existing. 
Needless  to  say  the  scheme  was  not  received  with  fiEtyour  on  all  sides,  more  espe- 
cially by  those  who  thought  that  serious  damage  would  be  done  to  secondary  schools 
by  the  competition  from  this  new  development  of  secondary  education.  I  am  not 
ashamed  to  say  that  the  disfavour  shown  on  some  sides  made  me  rejoice,  as  ic 
indicated  that  a  move  had  been  made  in  the  right  direction.  At  first  it  was 
principally  the  higher-grade  Board  Schools  that  came  under  the  scheme,  and  in 
the  first  year  there  were  twenty-four  of  them  at  work.  This  type  of  school  gradually 
increasea  until  about  seventy  of  them,  and  chiefly  of  a  most  efficient  character,  were 
recognised  in  1900.  Their  further  increase  was  only  arrested  by  the  Cockerton 
judgment,  now  so  well  known  that  I  need  only  name  it.  But  here  we  come  to 
a  most  interesting  development.  State  aid,  as  already  said,  was  at  first  limited  to 
the  instruction  of  the  industrial  classes,  but  no  limitation  as  to  the  status  of  the  pupil 
was  made  in  this  new  scheme  for  the  schools  of  science,  and  logically  this  freedom 
was  extended  in  1897  to  all  instruction  aided  by  the  Department — the  date  when 
all  limitation  as  to  the  status  of  the  punil  was  abolished,  the  only  limitation  being 
the  status  of  the  school  itself.  Thus,  if  a  flourishing  public  school,  charging  high 
fees  for  tuition,  were  to  apply  to  participate  in  the  grant  voted  by  Parliament,  it 
may  be  presumed,  it  would  have  to  be  refused.  The  abolition  of  the  restriction 
as  to  the  status  of  the  pupils  left  it  open  to  poorly  endowed  secondary  grammar 
schools  to  come  under  the  new  scheme.  To  a  good  many  the  additional  income 
to  be  derived  from  the  grant  meant  continuing  their  existence  as  efficient,  and 
for  this  reason,  and  often,  I  fear,  for  this  reason  alone,  some  claimed  recognition 
as  eligible. 

Such  is  an  outline  hbtory  of  the  invasion  of  science  instruction  into  certain 
secondary  schools— an  invasion  which  ought  to  be  of  great  national  service.  In 
my  view  no  general  education  is  complete  without  a  knowledge  of  those  simple 
truths  of  science  which  speak  to  everyone,  but  usually  pass  unheeded  day  by  day. 
The  expansion  of  the  reasoning  and  observational  powers  of  every  child  is  as 
material  to  sound  education  as  is  the  exercise  of  the  memory  or  the  acquisition  of 
some  smattering  of  a  language.  I  am  not  going  into  the  question  of  curricula  in 
schools,  as  I  hope,  regarding  them,  we  shall  have  a  full  discussion.  But  of  this 
I  am  sure,  that  no  curriculum  will  be  adequate  which  does  not  include  practical 
instruction  in  the  elementary  truths  of  science.  The  President  of  the  Royal 
Society,  in  his  last  Annual  Address,  alluded  to  the  mediaeval  education  that  was 
being  given  in  a  vast  number  of  secondary  schools.  Those  who  planned  the  system 
of  education  of  those  times  deserve  inmiite  credit  for  including  all  that  it  was 
possible  to  include.  Had  there  been  a  development  of  science  m  those  days,  one 
must  believe  that  with  the  far-seeing  vnsdom  they  then  displayed  they  would  have 
included  that  which  it  is  the  desire  of  all  modem  educationists  to  include.  Obser- 
vational and  experimental  science  would  have  assuredly  found  a  place  in  the  system. 
One,  however,  cannot  help  being  struck  by  the  broadening  of  views  in  regard 
to  modem  education  that  has  taken  place  in  the  minds  of  many  who  were  certainly 
not  friendly  to  its  development.  Perhaps  in  the  Bishop  of  Hereford,  when 
headmaster  of  Clifton,  we  have  the  most  remarkable  early  example  of  breadth  of 
view,  which  he  carried  out  in  a  practical  manner,  surrounding  himself  with  many 
of  the  ablest  teachers  of  science  of  the  day.  There  are  other  headmasters  who, 
though  trained  on  the  classical  side,  have  had  the  prescience  to  follow  in  his 
footsteps,  and  of  free  will ;  but  others  there  are  who  have  neither  the  desire  nor  the 
intention,  if  not  compelled  to  do  so,  to  move  in  the  direction  which  modem 
necessities  indicate  is  essential  for  national  progress.  I  am  inclined  to  think  that 
the  movement  in  favour  of  modernising  education  has  been  very  largely  quickened 
by  the  establishment  of  schools  of  science  in  connection  with  endowed  schools  and 
the  desire  for  their  foundation  by  the  Technical  Instruction  Committees,  who  had 
the  whisky  money  at  their  disposal,  and  who  often  more  than  supplemented  the 
parliamentary  grants  which  these  schools  were  able  to  eam.  It  was  the  circum- 
stance that  the  new  scheme  was  issued  when  many  endowed  schools  ware  in  Iqw 
W^ater  that  pMde  it  as  successflil  ^  it  ^as  WeQ, 
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The  number  of  schools  of  science  increased  so  rapidly  that  it  i^tpeared  tfen 
might  be  a  danger  of  too  many  of  this  type  being  started  on  insoffiaevit  tdact&mtl 
grounds.  Science  instruction  was  carriea  in  them  to  such  an  advanced  point  andao 
many  hours  of  the  week  were  spent  on  it  that  they  became  in  some  degree  speoMJmi 
schools.  At  least  eight  hours  a  week  had  to  be  devoted  to  science,  ten  to  litemy 
instruction,  and  five  to  mathematics — any  further  time  availaUe  oonld  be  spmt 
on  any  section  that  was  considered  desirable.  ^  For  some  pnpila  the  time  devoted  tD 
science  is  barely  enough,  but  for  others  who  intend  to  follow  careers  in  which  tht 
literary  section  should  predominate  it  appeared  that  some  curtailment  of  hoaxi  ii 
the  science  section  might  be  usefully  allowed,  and  it  became  a  question  how  ki 
such  instruction  might  be  shortened  without  impairing  its  souzidneee.  After 
much  anxious  thought  it  was  considered  that  four  hours  per  week,  beaiks 
mathematics,  was  the  very  least  time  that  ought  to  be  devoted  to  each  instmctiaB, 
and  that  the  latter  part  of  it  should  be  practical  work.  A  achame  embodjief 
this  modification  was  approved  by  the  Lord  Preudent  and  the  Vice-PresUst 
whilst  I  was  Principal  Assistant  Secretary  for  Secondary  Education,  and  SBiIkr 
grants  than  those  for  schools  of  science  were  authorised  in  1901  fionr  tihoee  lehooli 
who  were  prepared  to  adopt  it.  By  the  scheme  instruction  has  to  be  gtm  odj 
in  such  subjects  and  to  such  an  extent  as  is  really  necessary  to  form  part  of  tiai 
general  education  of  ordinary  students  who  might  not  have  to  follow  in  induitziil 
pursuits.  This  modified  and  shortened  course  has  met  with  unqualified  saoeeB. 
Some  127  schools  came  imder  the  scheme  the  first  year,  and  I  gather  Uiat  then  v2 
be  a  considerable  increase  in  numbers  in  the  future.  The  eetabliahm^it  of  wdbaA 
of  science  and  of  these  schools  may  be  considered  to  be  a  great  step  takm  in  gettiif 

i>ractical  instruction  in  natural  knowledge  introduced  into  secondary  a^iools.  Tb 
eleven  has  been  placed  in  some  300  of  them,  and  we  may  expect  that  all  sdioofc 
which  may  be  ebgible  for  State  aid  will  gradually  adopt  one  scheme  or  the  otko. 
Though  it  is  said  that  there  is  nothing  in  a  name,  I  am  a  little  doubtful  ai  to 
whether  the  earmarking  of  science  education  as  distinct  from  secondary  edneatioi 
is  not  somewhat  of  a  mistake  at  the  present  day.  For  my  own  part,  I  should  hb 
to  think  that  the  days  have  passed  when  such  an  earmarking  was  necetsuy  m 
advisable.  The  science  to  be  taught  in  secondary  schools  should  be  part  and  pmel 
of  the  secondary  education,  and  it  would  be  just  as  proper  to  talk  of  Latm  ad 
Greek  instruction  apart  from  secondary  education  as  it  is  to  talk  of  science  insbw- 
tion.  One  of  the  causes  of  the  unpopularity  of  the  Science  and  Art  Departmcat 
was  its  too  distinctive  name.  At  the  same  time  it  would  be  most  unwise  at  the 
present  time,  when  the  new  Education  Committees  are  learning  their  work  tad 
looking  to  the  central  authority  for  a  lead,  for  the  State  to  alter  the  oomditioBS  oa 
which  it  makes  its  gnmts  to  these  schools.  It  will  require  at  least  a  geosntiQi 
to  pass  before  modernised  education  will  be  free  from  assault.  If  science  instne- 
tion  is  not  ai^eguarded  for  some  time  to  come  it  runs  a  good  chance  of  diaappetiiif 
or  being  n^lected  in  a  good  many  schools.  As  to  the  schools  whidi  htTB  ae 
financial  difficulties,  it  is  hard  to  say  what  lines  they  may  follow.  Traditioo  msj 
be  too  strong  in  them  to  allow  any  material  change  m  their  courses  of  study.  If 
it  be  true  that  the  modem  side  of  many  a  public  school  is  made  a  refuge  for  tk 
'  incapables,'  and  is  considered  inferior  to  the  classical  side,  as  some  say  is  the  cue, 
such  a  side  is  practically  useless  in  representing  modem  education  ua  its  pnpet 
light.  Again,  one  at  least  of  the  ancient  uuiversities  has  not  shown  much  sympitb' 
with  modem  ideas,  and  so  long  as  she  is  content  to  receive  her  students'^Borak 
of  all  else  but  what  has  been  called  mediaeval  lore,  so  long  will  the  schools  wfaiek 
feed  her  have  no  great  inclination  to  change  their  educational  schemes. 

Kwe  would  only  make  the  universities  set  the  fashion  the  public  ecbooii 
would  be  bound  to  follow.  The  universities  say  that  it  is  for  the  public  schooh 
to  say  what  they  want,  and  vice  versa,  and  so  neither  one  nor  the  other  chaogs. 
It  appears  to  me  that  we  must  look  to  the  modem  universities  to  lead  the  move- 
ment m  favour  of  that  kind  of  education  which  is  best  fitted  for  the  after  Ii£i  of  At 
large  majority  of  the  people  of  this  country.  If  for  no  other  reason,  we  matt  fat 
this  one  hail  the  creation  of  two  more  universities  where  the  localities  will  h$ 
able  to  impress  on  the  authorities  their  needs.    The  large  majority  of  thoee 
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yiewe  I  share  in  this  matter  are  not  opj^osed  to  or  distrust  the  good  effects  of  those 
parts  of  education  which  date  from  ancient  times.  The  ^n^eat  men  who  have  come 
under  their  sway  are  living  proofe  that  they  can  he  effective  now  as  they  haye  heen 
in  times  past,  hut  we  look  to  the  production  of  greater  men  hy  the  removal  of  the 
limitations  which  tradition  sets.  I  myself  gratetully  acknowledge  what  tbe  puhlic 
school  at  which  I  had  my  early  education  did  for  me,  hut  'I  think  my  gratitude 
would  he  more  intense  had  I  heen  given  some  small  elementary  instruction  in  that 
natural  knowledge  which  has  had  to  he  picked  up  here  and  there  in  after  life. 

There  is  one  type  of  college  which  I  have  not  alluded  to  before,  and  that  is 
the  technical  institutes.  These  have  heen  fostered  by  the  localities  in  which 
they  are  situated,  and  heen  largely  supported  by  the  whisky  money,  supple- 
mented by  Government  aid.  I  am  glad  to  see  that  in  the  last  regulations  of  the 
Board  of  flducation  these  colleges  will  receive  grants  for  higher  scientific  instruc- 
tion, and  I  have  no  doubt  that  in  the  near  future  such  institutions  and  schools  of 
science  will  receive  a  hlock  grant,  which  will  nve  them  even  still  greater  freedom 
than  they  now  enjoy.  These  are  colleges  to  which  students  from  secondary  schools 
will  gradually  find  their  way,  where  they  wish  for  higher  education  of  a  type 
different  from  that  to  be  gained  at  a  university. 

I  have  endeavoured  to  give  a  hrief  historical  sketch  of  what  the  State  has 
done  in  helping  forward  instruction  in  natural  knowledge  amongst  the  industrial 
classes,  adults  and  children,  and  how  gradually  its  financial  aid  has  been  extended 
to  secondary  schools.  I  have  also  endeavoured  to  indicate  the  steps  by  which 
practical  instruction  has  been  fostered  by  it.  I  have  done  this  because  I  am 
confident  that  ninety-nine  educationists  out  of  every  hundred  have  but  little 
idea  what  the  State  has  been  doing  for  the  last  fifty  years.  Some  connected  with 
secondary  schools — I  have  persomil  knowledge — were  till  lately  ignorant  that 
the  State  had  offered  advantages  to  them  of  a  financial  nature.  I  may  say  that 
the  work  of  the  late  Science  and  Art  Department  was  largely  a  missionary  work. 
It  was  abused,  sometimes  ri^tly  but  more  often  wrongly,  for  this  very  work,  and 
it  had  more  ahusers  at  one  time  probably  than  any  other  Government  Department. 
Even  friends  to  the  movement  of  modernising  education  found  fault  with  it  as 
antiquated  and  slow,  but  I  can  assure  yon  that  no  greater  mistake  can  he  made  in 
pressing  forward  any  movement  by  any  hurried  change  of  frx>nt  or  by  endeavouring 
to  push  forward  matters  too  rapidly.  In  the  first  place,  the  Treasury  naturally 
views  untried  changes  with  suspicion,  and  this  fact  has  to  he  dealt  with  more 
particularly  when  there  is  no  great  expression  of  public  opinion  to.  reckon  with. 
A.t  the  same  time  it  cannot  be  stated  too  strongly^  that  the  Treasury  has  in  recent 
years  dealt  in  a  friendly  and  enlightened  spirit  with  all  matters  which  could  affect 
the  spread  of  science.  Again,  there  is  a  hostility  to  great  and  rapid  changes  in  the 
minds  of  those  whom  sudi  changes  affect. 

The  policy  must  alwa3rs  he  to  progress  as  much  as  is  poesihle  without  rounng 
too  great  an  opposition  from  any  quarter,  and  I  think  it  will  he  seen  that  the 
progress  made  auring  the  last  twenty-five  years  has,  hy  the  various  annual  incre- 
ments, been  perhaps  more  than  could  have  heen  hoped  for,  and  gives  a  promise 
for  e?en  more  rapid  advances  in  the  friture. 

As  an  appendix  to  this  Address  I  have  given  a  brief  epitome  of  the  increases  in 
students^  in  schools,  in  laboratories,  and  in  grants  which  have  taken  place  since 
1861.  if  to  the  last  be  added  the  amount  spent  out  of  the  whisky  money  an 
additional  half  million  may  be  reckoned. 

It  will  he  seen  that  the  progress  made  has  been  gradual  hut  satisfactory,  and 
that,  if  we  showed  some  of  the  results  graphically,  weighted  according  to  the 
circumstances  of  their  date,  and  dared  make  an  extrapolation  curve  of  friture 
results,  we  should  have  a  complete  justification  for  propnesying  hopefully. 

The  question  of  the  supply  of  science  teachers  has  already  hem  referred  to. 
My  remarks  I  should  like  to  supplement  by  saying  that  in  the  greater  number  of 
schoob  teachers  are  to  be  found  who  have  been  trained  at  the  Royal  College  of 
Science,  and  mostly  at  public  expense — some  through  scholarships  gained  hy 
competition  and  some  through  training  selected  teachers.  The  success  of  the 
movement  for  the  introduction  of  science  instruction  in  schools  depended  on 
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the  proper  supplj  of  teachers,  and  even  now  the  demand  for  men  poeseadng 
the  hiffheat  teaching  qualifications  in  science  is  greater  than  the  supply.  It  may 
be  said,  I  think,  that  our  science  teachers  from  the  college  have  one  special  qualifi- 
cation, and  that  is,  that  besides  the  knowledge  of  science,  practical  and  theoi^tieal, 
that  they  have  acquired,  they  have  lived  in  an  atmospnere  of  what  is  called 
research,  and  which  mignt  be  called  original  investigation.  Professors,  assistjints, 
and  students  alilie  are  impregnated  with  it,  and  when  the  teacher  so  trained  takes 
up  his  duties  in  his  school  he  still  retains  the  *  reek '  of  it.  True  instruction  in 
science  should,  as  I  have  before  said,  be  practical,  and  practical  instruction  ahooid 
certainly  include  original  inquiry  into  matters  old  or  new.  The  teacher  who 
retains  the  *reek'  is  the  t^tcher  who  will  prove  most  successful.  It  will 
thus  be  seen  that  the  State  had  the  task  before  it,  not  only  of  introducing 
instruction  in  science,  but  of  training  teachers  to  give  such  instruction.  This 
problem  is  the  same  as  now  exists  in  Ireland,  and  the  experience  gained  in  England 
cannot  but  be  of  the  greatest  use  to  those  at  the  head  of  Irish  ted&ucal 
education. 

Before  concluding  there  is  one  subject  that  I  must  lightly  touch  upon,  and 
that  is  ibe  supply  of  teachers  other  than  science  teachers.  The  Education  Act  of 
1870  gave  the  power  to  elementary  schools  to  train  pupil  teachers,  who  in  the 
process  of  time  would  become  teachers,  either  by  entenng  into  a  training  college 
by  means  of  a  King's  Scholarship  or,  less  satisfactcHruy,  by  examination.  In 
large  towns  the  need  of  a  proper  trainin^p  for  pupil  teachers  has  been  felt,  and 
gradually  pupil  teacher  centres  were  established,  principally  by  School  Boards, 
where  the  training  could  be  carried  out  more  or  less  completely ;  but  in  the  rural 
districts  and  smiuler  towns  the  pupil  teacher  has  had  to  be  more  or  leas  self- 
taught,  and  except  in  rare  caaes  '  self-taught '  means  badly  taught.  The  Training 
OoUege  authorities  make  no  secret  of  the  fact  that  one  of  the  two  years  during 
which  the  training  of  the  teacher  is  carried  out  has  to  be  devoted  more  or  hu 
to  instructing  the  pupils  in  subjects  they  ought  to  have  been  taught  before  thty 
entered  the  college.  Thus  all  the  essential  and  special  instruction  which  » 
given  has  to  be  practically  shortened,  and  the  teacher  leaves  the  college  with  less 
training  than  he  should  have. 

The  new  Education  Act  has  put  it  in  the  power  of  the  educational  authorities 
to  rectify  the  defects  in  the  training  of  pupil  teachers.  It  is  much  to  be  hoped 
that  CJouncils  will  separately  or  in  combination  either  form  special  centres  for  the 
training  of  all  pupil  teachers  or  else  give  scholarships  (perhaps  aided  by  the  State) 
to  them,  to  be  held  at  some  secondary  school  receiving  the  grant  for  sdaiee 
and  recognised  by  the  Board  of  Education  as  efficient.  The  latter  plan  is 
one  which  commends  itself,  as  it  ensures  that  the  student  shall  associate  with 
others  who  are  not  preparing  for  the  same  calling  in  life,  and  will  pievent 
that  narrowness  of  mind  which  is  inevitable  where  years  are  spent  in  the  one 
atmosphere  of  pedagogy.  The  non-residential  training  college,  where  the  training 
of  the  teacher  is  carried  on  at  some  imiversity  colTe^,  is  an  attempt  to  give 
breadth  of  view  to  him,  but  if  attempted  in  the  earnest  jears  of  a  teach&'s 
career  it  will  be  even  more  successful.  All  teaching  requires  to  be  improved, 
and  the  first  step  to  take  in  this  direction  is  to  educate  the  pupil  teacher  mm  his 
earliest  day's  appointment,  for  his  influence  in  after  years  will  not  only  be  felt  in 
that  elementary,  out  will  also  penetrate  into  secondary,  education.  In  regard  to 
the  additions  which  are  required  in  elementary  education,  and  which  require  the 
proper  training  of  the  puml  teacher,  I  must  refer  you  to  a  report  wbdch  will  be 
presented  to  the  Section.  The  task  of  training  pupil  teachers  is  one  whidi  requires 
the  earnest  and  undivided  thought  of  the  new  Bklucation  Committees. 

In  the  earnest  Address  given  by  my  predecessor  in  this  Chair  he  brought  forward 
the  shortcomings  of  secondary  education  and  of  the  requirements  for  a  militiuy 
career  in  a  trenchant  manner  and  with  an  ability  which  I  cannot  emulate.  T^th 
much  of  what  he  said  I  agree  heartily,  but  I  cannot  forget  that,  after  all,  the 
details  of  education  are  to  some  extent  matters  of  opinion,  though  the  main  features 
are  not.  We  must  be  content  to  see  advances  made  in  the  directions  on  which  the 
majority  of  men  and  women  educational  experts  are  agreed.    Great  strides  have 
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already  been  made  in  educating  the  public  both  in  methods  and  subjects,  but  a 
good  deal  more  remains  to  be  done. 

It  may  be  expected,  for  instance,  that  the  re^stration  of  teachers  will  lead  to 
increased  efficiency  in  secondary  schools,  and  that  the  would-be  teacher,  fresh 
from  college,  will  not  get  his  training  by  practising  on  the  unfortunate  children 
he  may  be  told  off  to  teach.  It  may  also  be  expected  that  such  increased  efficiency 
will  hare  to  be  vouched  for  by  the  thorough  inspection  which  is  now  made  under 
the  Board  of  Education  Act,  by  the  Board,  by  a  university,  or  by  some  such 
recognised  body.  It  again  may  be  expected  that  parents  will  gradually  waken 
up  to  the  meaning  of  the  teacher's  register  and  the  value  of  inspection,  and  that 
those  schools  will  flourish  best  which  can  show  that  they  too  appreciate  the 
advantages  of  each. 

I  have  to  crave  pardon  for  having  failed  to  give  an  Address  which  is  in  any 
way  sensational.  1  have  thought  it  better  to  review  what  has  been  done  in  the 
past  within  my  own  knowledge,  und  w^ith  this  in  my  mind  I  cannot  but  prophesy 
that  the  future  is  more  than  hopeful,  now  that  the  public  is  be^ning  to  be 
educated  in  education.    It  will  demand,  and  its  wants  will  be  supplied. 


APPENDIX. 

Xumber  of  Schools  of  Science  and  thm'r  Orants, 


Year 


Higher-    j 

grade       , 

Schools     I 


S^ZI^    I  ,^~^°!f!i    Toua  Schools 
Schools 


Institutes 


1895 

53 

30 

29 

1898 

69 

50 

49 

1901 

63 

106 

43 

1903 

60 

119 

57 

Total  Grants 


£ 

39,163 

98,849 

118,833 

Not  yet  known ' 


In  1902  124,300/.  was  paid. 


Number  of  Schools  teaching  Shortened  Course  of  Science. 


Tear 

1902 
1903 


No. 
127 
184 


Numher  of  Laboratories  recognised. 


Year 


Chemistry 


1880 
1900 
1901 
1902 


183 

669 
722 

758 


Metallurgy    \      Physics 


Biology 


Mechanics 


87 
37 
39 


219 
291 
320 


17 
26 
34 


4 
10 
14 


Orants  paid  for  Science  Instruction, 


Year 

Amount     i 

Year 

1 
Amount 

1 

^       1 

£ 

1860 

709 

1890 

103.463 

1870 

20,118      ! 

1895 

142,643 

1876 

42,474      i 

1901 

212,982 

1880 

40,229 

1902 

240,822 

1886 

63,364 

' 

876  BEPOBT— 1908. 

The  following  Papen  were  read  :— 

1.  On  School  Curricula, 

i.  By  Professor  Michael  E.  Sadlkr,  If.A.f  LL.D. 
1.  Curriculwn  of  Primary  and  Preparatory  Schools, 

Under  this  head  are  included  (a)  public  elementary  schools  the  cnrriculam  of 
which  ends  about  fourteen;  {b)  schools  which  are  preparatory  to  secondiwy  schools 
(these  again  in  turn  are  preceded  by  instruction  given  either  in  schools  for  littie 
children  or  by  governesses) ;  and  (c)  kindergarten  and  preparatory  schools  attached 
to  secondary  schools. 

Nature  and  Scope  of  Early  Studies. — In  this  grade  of  education  there  is  great 
advantage  in  educating  boys  and  p^irls  together.  In  many  ways  these  early  years 
are  educationally  the  most  critical  years  of  a  child's  life.  Great  importance 
should  be  attached  to  the  aptitude  of  the  teachers^  and  to  their  sympathj  with 
young  children.  Care  should  be  taken  to  avoid  (1)  rigid  separation  of  the  sabjeets, 
and  (2)  on  the  other  hand  namby-pambiness.  Uhild^n  are  not  strengtiiened  for 
the  tasks  of  later  years  by  being  kept  back  too  long  from  facing  real  difficulfses. 
The  point  of  junction  between  the  Kindergarten  and  the  lower  whool  needs  mors 
attention  educationally  than  it  has  generaOy  received. 

In  this  stage  of  education  special  importance  should  be  attached  to  training 
the  powers  of  expression  alike  m  the  mother  tongue,  mth  the  brush,  with  the 
fingers,  and  (through  dancing  and  physical  drill)  with  the  body  and  limbs.  The 
ideal  course  of  eoucation  for  little  children  is  one  which  carefully  combines 
mousikS  and  gumnastiki.  Much  can  be  done  to  lay  a  good  foundation  for  the  rtady 
of  geometry.  Stress  may  also  be  laid  on  the  importance  of  the  intelligent  tAiM^liify 
of  arithmetic.  In  the  curriculum,  at  this  stage,  history-teaching  best  takes  a  bio- 
graphical form,  but  different  children  show  remarkably  different  aptitudes  ixxi 
historical  studies.  Emphasis  should  be  laid  on  the  need  for  good  teschiittr  of 
geo^f)hy,  and  for  the  intelli^t  study  of  living  things  (particularly  of  plant  life) ; 
on  singing  and  physical  exercises,  and  on  well-organised  and  carefully  superyissd 
school-games.  So  far  as  it  can  be  arranged,  group-work  is  to  be  recomBiaided, 
e.g,  in  connection  with  the  teaching  of  history  and  literature,  rough  models  can 
be  made  by  a  small  class  of  children.  Modelling,  drawing,  simple  carpen^, 
painting,  and  other  forms  of  expression  through  the  nand  are  particularly  yaluable. 
Care  should  be  taken  to  encourage  children  to  ask  questions  instead  of  diaooursffing 
anything  which  interrupts  a  preconceived  plan  of  lesson.  A  good  school  oombinei 
discipline  with  the  encouragement  of  individuality. 

Ejfect  of  Scholar  ship  J&aminations  on  the  Curricula  of  Preparatory  Schools,— 
The  powers  of  different  children  vary  so  greatly  in  degree  and  in  rapidity  of 
development  that  it  is  very  difficult  to  mention  a  point  up  to  which  a  common 
course  of  instruction  should  be  carried.  There  is  reason  to  regret  the  numbing 
effect  of  our  public-school  scholarship  and  entrance  examinations  on  the  education 
of  little  boys.  The  grip  of  the  classical  tradition  is  nowhere  more  mischievous 
than  in  the  control  of  the  education  of  little  boys  up  to  the  age  of  twelve.  In  our 
preparatory  schools  (admirable  as  they  are  in  tone  and  in  t&ir  individual  care  of 
the  character  of  the  boys),  we  fail  properly  to  teach  them  the  use  of  their  mother 
tongue ;  we  Mi  as  regards  the  teacning  of  history  and  the  creation  of  a  love  fer 
literature ;  we  fail  to  make  proper  use  of  ^graphy  as  a  school  subject ;  we  have 
far  too  little  manual  training  and  drawing ;  and  there  is  little  leisure  for  the 
intelligent  study  of  nature.    And  the  root  of  all  the  trouble  is  the  artificially 

ah  standard  of  attainment  in  Latin  and  Greek  which  is  required  at  the  public 
ooIb  at  their  entrance  examinations. 

Improvement  desirable  in  Classical  Teachiny.-^la  order  to  facilitate  tiie  trans- 
ference of  promising  pupils  from  the  elementary  schools  to  the  secondary  schools 
at  twelve  years  of  age,  much  is  to  be  said  for  the  '  reformed  curricula '  which  are 
now  being  adopted  in  an  increasing  number  of  German  cUasicid  sdiools. 
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2.  Curriculum  of  various  Types  of  Secondary  Schools? 

A  protest  should  be  made  against  the  assumption  that  boys  and  girls  of  secondary 
school  age  ought  to  go  throu^^h  the  same  course  of  studies.  It  may  be  doubted 
whether  it  is  at  all  wise  to  give,  in  ordinary  cases,  to  girls  between  the  age  of 
twelve  and  sixteen  as  heavy  a  burden  of  work  as  can  m  borne  by  many  boys  oi 
the  same  age,  though  even  among  boys  there  are  great  differences  of  strength  and 
in  the  rate  of  physical  and  mental  development. 

There  are  three  types  of  secondaiy  eaucation  which  seem  to  call  for  separate 
treatment.  By  separate  treatment  is  meant  the  assignment  of  a  special  curriculum. 

The  three  types  of  curricula  would  be  as  follows : — 

(a^  Engineering  and  other  professions  d^pendiny  on  Applied  Science. — A 
seconoarv  school  leading  up  to  the  engineering  professions  (mecnanical,  electrical, 
civil,  and  mining)  and  to  other  callings  connected  with  applied  science.  The  aim 
of  such  a  curriculum  should  be  to  equip  a  boy  at  sixteen  with  the  following  attain- 
ments: command  over  his  mother  tongue,  interest  in  history  and  good  literature, 
sound  knowledge  of  geography,  thorough  pounding  in  mathematics,  skill  in 
speaking  and  writing  one  modem  foreifi^n  language,  fair  acquaintance  with  the 
requirements  of  physical  science,  and  skill  in  using  the  pencil  and  brush. 

(b)  Commercial  Professions, — For  commercial  professions,  the  time  assigned  to 
mathematics  and  to  laboratory  work  in  science  might  be  somewhat  reduced  in 
order  to  make  room  for  a  second  modem  language.  As  another  form  of  this 
curriculum,  many  experienced  men  of  business  would  recommend  a  combination 
of  Latin  and  one  modem  langu^e. 

(c)  Literary  Professions, — For  the  more  literary  professions,  a  curriculum 
providing  for  instruction  in  French,  Latin,  and  then  Greek  or  Qerman  (in  the 
order  stated),  would  naturally  follow  to  some  extent  the  lines  of  the  Frankfort 
curriculum. 

3.  Desirable  Heforms, 

(a)  We  ought  to  have  in  our  English  schools  far  better  teaching  of  the  mother 
tongue  and  more  skilful  training  in  expression  and  composition  in  English.  In 
this  regard  we  have  much  to  leam  from  the  French  schools,  and  a  good  deal  from 
the  German.  But  of  the  two  the  French  methods  seem  to  me  mudi  the  mure 
artistic    The  German  methods  are  rather  prosy  for  English  children. 

(6)  In  the  early  years'  secondary  education  for  boys  we  are  suffering  from 
premature  Latin  and  Greek.  The  scholarship  system  at  the  public  schools  is  fast 
Decoming  an  educational  curse. 

(c)  Far  more  prominence  should  be  given  throuffhout  our  primary  and  secondary 
education  to  manual  and  practical  work  of  all  kinds. 

(d)  Much  of  our  education  is  sterilised  by  cramming  up  for  examinations. 

(e)  Though  history  (except  in  its  biographical  forms)  is  by  no  means  an 
appropriate  subject  for  immature  minds,  much  more  can  be  done  to  stimulate 
historical  interest  by  means  of  the  better  teaching  of  history  in  our  schools  and  by 
giving  the  pupils  a  wider  outlook  over  the  development  of  nations  upon  the  earth. 

(f)  Much  more  should  be  done  to  introduce  improved  methods  of  geographical 
teaching  into  schools. 

(ff)  We  are  sadly  behindhand  in  our  standards  and  methods  of  modem-language 
teachmg.  There  is  likely  to  be  a  shortage  of  well-educated  young  English  teachers 
competent,  by  residence  and  training  abroad,  to  teach  French  and  German  on  the 
best  new  methods,  while  at  the  same  time  able  to  link  those  subjects  to  the  other 
parts  of  the  school  curricula. 

(h)  Let  us  avoid  over-teaching  English  pupils.  We  do  not  want  to  produce  a 
passive  generation.  It  is  far  better  that  our  boys  and  ^Is  should  leam  a  little 
thoroughly  than  get  a  smatterinjg  of  a  number  of  subjects.  When  they  leave 
sdiODl,  they  ooffht  only  to  be  beginning  to  leam. 

(t)  It  is  to  be  desired  that  every  school  diiould  state  its  intellectual  aim ;  publish 
(according  to  some  approved  form)  a  statistical  summary  of  the  hours  and  work 
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gi?ea  weekly  ia  each  form  to  each  sabject  in  the  curriculum ;  and  lasue  an  oatline 
of  its  course  (or  courses)  of  study,  ahowiug  the  standard  which  it  proposes  to  reach 
at  each  staffo  in  each  class. 

(j)  Behind  all  consideration  of  curricula,  there  must  lie  an  ideal  of  character 
and  of  the  kind  of  intellectual  power  which  we  desire  the  rising  generation  of 
English  men  and  women  to  reach. 


ii.  Bt/  Professor  J.  Adams,  M.A,^  B.Sc, 
1.  Oroups  of  Eisential  SyhjecU. 

The  subjects  that  all  children  should  study  in  common  fall  naturally  into  four 
grroups.  {a)  The  three  R  >,  as  the  necessary  preliminary  to  all  formal  study  ; 
(6)  Englisn  composition  and  drawing  as  means  of  expression ;  (e)  Drill,  some  form 
01  manual  work,  singing,  and  the  rudimentary  laws  of  health ;  (d)  Nature  study, 
geography,  and  picture^ue  history  and  biography. 

2.  Literary  and  Practical  Subjects,  t 

While  all  training  should  include  both  theoretiral  and  practical  instruetioD,  the 
nature  of  the  subjects  to  be  taught  and  the  amount  of  time  to  be  devoted  to  each 
must  vary  with  the  stage  of  advancement  of  the  pupil.  In  a  well-equipped  school 
with  a  good  staff  and  small  classes,  the  greater  part  of  the  formal  teadung  of  the 
three  Bfs  could  cease  at  the  age  of  ten,  though  occasional  formal  lessons,  parti- 
cularly in  arithmetic,  should  be  provided  up  to  the  age  of  twelve.  With  regard 
to  the  other  subjects  of  common  study  there  is  no  need  that  they  should  ever  be 
dropped,  though  the  form  in  which  they  are  cirried  on  and  the  material  upon 
whu^h  the  mmd  is  exercised  may  be  changed.  Geography  and  histoiyy  for 
example,  may  alto^ther  change  th^  character  as  school  subjects,  and  yet  the 
lessons  of  the  earlier  stage  may  retain  their  value.  The  subjects  thus  do  not 
merely  change,  they  develop.  Nature  study  may  be  given  up  entirely  in  favour  of 
systematic  botany  or  physiology  or  chemistry,  but  it  leaves  behind  it  its  mass 
of  knowledge  with  the  corresponding  bias  towards  scientific  method. 

The  literary  part  of  the  curriculum  should  be  made  as  general  as  possible,  that 
is,  as  free  as  may  be  from  specific  applications  to  professional  purposes.  Engluh 
composition  need  not  by  any  means  become  tainted  in  school  with  the  peculiar 
terms  of  the  counting-house.  The  vocabulary  and  idiom  of  the  different  profeeeioBs 
can  be  very  readily  picked  up  by  an  intelligent  pupil  who  knows  good  Engfish. 
The  reading  of  what  is  known  as  literature  is  the  best  possible  preparation  for  aO 
sorts  of  professions  that  require  the  power  of  expression. 

French  and  German  should  be  treated  on  the  same  principle.  It  is  easy  to 
make  fun  of  the  boy  preparing  for  the  counting-house  b^  pusxling  his  way  throuf  h 
a  German  passage  dealing  with  goslings  and  golden  hair.  But  there  is,  lifter  all, 
only  one  German  language,  and  it  is  better  that  it  should  be  approached  on  the 
human  side  rather  than  Uie  commercial.  The  first  essential  is  that  the  pu(ul  should 
leave  school  with  the  power  of  reading  easily  and  intelligently  the  foreign 
languages  he  has  studied.  To  attain  this  end  he  must  have  read  widely  during 
his  course.  Nothing  can  make  up  for  the  lack  of  wide  reading.  Composition  in 
the  foreign  language  is  an  admiraole  culture  training,  leading  to  the  oorreefxmding 
practical  advantage  of  facility  in  writing.  The  commercial  pupil  must  acquire  the 
power  of  composing  in  the  foreign  language,  but  this  is  less  essential  in  Um  case  of 
the  scientific  pupil,  though  of  course  highly  desirable. 

The  same  thing  is  true  about  mathematics.  In  order  that  each  dass  of 
student  should  be  able  to  make  the  proper  application  to  his  own  subject,  all  the 
pupils  must  study  mathematics  in  general.  The  domestic,  scientific,  and  oommereial 
professions  all  demand  a  knowledge  of  mathematics  in  some  fbnn  or  othv .  In  tlM 
case  of  the  literary  professions  it  is  not  essential  that  mathematics  should  be 
studied  in  any  great  detaiL    Some  geometry  and  algebra  treated  in  the  brotdeet 
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waj  is  enough  to  give  the  literary  pupil  the  mathematical  point  of  vieW|  hut  heyond 
this  it  is  not  nec^dary  to  Urge  him  to  study  unless  he  has  a  h^nt  that  way. 

Of  the  practical  suhjects,  prohahly  drawing  is  of  the  most  general  application  • 
As  a  means  of  expression  it  ought  to  he  studied  hy  all  classes  of  pupils. 


Hi.   By  T.  E.  Page,  M,A. 
1.  The  Scope  of  Education, 

Education  may  deal  with  (1)  moral  and  religious ;  (2)  intellectual ;  (3)  phy- 
sical ;  and  (4)  technical  training. 

The  first  of  these  divisions  may  here  he  put  aside.  The  spirit  of  morality  and 
religion  is,  like  a  pure  and  invigorating  atmosphere^  essential  to  healthy  educa- 
tioiml  life,  but  it  evades  inclusion  in  a  curriculum.  In  so  far  as  it  can  become  a 
part  of  schoolwork;  moral  and  religious  teaching  passes  into  division  2,  being 
closelv  connected  with  'Literary  Instruction.'  Time  devoted  to  this  subject 
must  be  devoted  to  a  real  examination  of  what  the  Bible  is  and  savs,  not  to  the 
eccentricities  of  Hellenistic  Greek  or  trivial  lists  of  obscure  Israelite  kings. 

As  to  division  8  it  may  safely  be  said  that  'physical  truning'  is  not  a 
necessary  part  of  a  school  curriculum.  Whatever  its  importance  in  primary 
schools,  in  secondary  schools,  and  especially  the  higher  ones,  such  training  is  fully, 
perhaps  too  fully,  secured  bv  a  great  variety  of  games  which,  in  addition  to  their 
physical  effect,  help  to  develop  nerve,  readiness,  resource,  and  other  qualities  in  a 
way  which  no  formal  course  of  drill  or  gymnastics  can  equal. 

With  regard  to  '  manual  training,'  doubtless  the  payment  of  manual  skill  is 
steadily  increasing,  while  that  of  the  lower  forms  of  '  headwork '  is  steadily  de* 
creasing ;  a  good  mechanic  is  more  secure  of  good  pay  than  an  average  clerk  or  a 
moderate  schoolmaster. 

Technical  training  (4)  has  nothing  to  do  with  education  proper.  In  special 
cases  it  may  be  advisable  to  admit  it,  but  it  has  no  place  in  any  general  curriculum. 

2.  The  Three  Neceeeary  EUments  qf  Education, 

If  the  right  meania^  has  been  now  given  to  '  education,'  and  the  field  of  its 
exercise  been  rightly  limited,  it  follows  that  it  consists  in  such  intellectual  train- 
ing  as  will  produce  the  best  general  capacity,  and  such  training  falls  into  certain 
necessary  divisions.  Possibly  the  cultivation  of  memory  deserves  to  be  treated  as 
a  separate  division  of  education — and  the  subject  certainly  deserves  special  study — 
but,  as  its  use  and  exercise  is  developed  by  all  teaching,  we  may  perhaps 
eliminate  it  in  tracing  the  necessary  divisions  of  any  course  of  study,  and  say  that 
there  are  three,  and  three  only — Literature,  Mathematics,  and  Science. 

3.  AU  Three  Elements  must  be  Combined, 

It  is  on  the  proper  combination  of  these  three  that  the  success  of  auy  curricu- 
lum must  depend.  But  there  must  be  combination,  for  assuredly  education  at  its 
best  is  the  equal  and  harmonious  development  of  all  the  faculties,  not  an 
effort  to  force  abnormal  growth  in  any  one,  just  as  physical  training  is  a  training 
of  the  whole  body,  and  not  of  any  part,  though  oi  course  it  often  '  pays '  to 
develop  extraordinary  excellence  in  a  single  direction.  The  policy  of  tbe* great 
universities,  which  by  refusing  all  reward  to  general  excellence  in  several  pursuits, 
forces  most  boys  of  promise,  often  two  or  three  years  before  they  leave  school,  into 
one  sinffle  and  often  very  narrow  path  of  study,  is  to  be  deplored.  Nor  is  it  a  less 
deplorable  result  of  this  policy  that  the  men  they  send  out  to  become  teachers  are 
almost  always  men  of  one  pursuit. 

4.  TJie  Position  qf  Science, 

The  curriculum  in  most  secondary  schools  was  until  recently  (1)  Literary  and 
(2)  Mathematical,  such  subjects  as  history  and  geography  (the  latter  with  far  too 
large  an  addition  of  mere  map-making)  being  somehow  tacked  on  to  the  literary 
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part  of  the  work.  Lately,  however,  science,  long  treated  in  adiools  te  a  dOct  ef 
CSnd^rella,  has  shown  a  tendency  to  play  the  part  of  an  imperious  qpmm. 
About  the  value,  on  the  other  hand,  of  mathematics,  there  can  be  no  dook; 
experience  has  demonstrated  their  power  to  strengthen  and  invigorate  the  miDd; 
ftifOfU  ay€»fUTpijTot  ci<rira»  is  still  written  laige  over  the  door  of  Jmowledge.  For 
others,  too,  less  capable  of  abstract  thought,  study  of  the  laws  of  languge  and 
the  effort  fully  to  imderstaud  and  appreciate  the  great  thoughts  of  great  men,  is  i 
discipline  that  has  stood  the  test  oi  time.  But  the  value  of  the  study,  saj,  cf 
botany,  of  electricity,  or  of  geology,  as  a  means  of  training  is,  as  yet,  to  say  ^ 
least,  'not  proven.'  Primarily,  most  of  the  sciences  rest  on  the  basis  of  ib 
enormous  accumulation  of  observed  facts,  and  it  is  e^fter  the  fiact£  have  bsei 
accumulated  that  reason,  intelligence,  and  imagination  begin  to  find  in  theK  s 
field  for  exercise.  What  is  to  be  deprecated  is  that  the  teaching  of  science  ahooU 
assume  too  large  a  place  in  education,  owing  to  a  vague  opinion  that,  becaae 
science  is  of  the  highest  practical  value,  it  therefore  affords  the  beat  traiarif  ki 
practical  life. 

5.  Curriculum  affected  by  Leaving  Ages  of  PupiU, 

What  the  exact  arrangement  of  literaiy,  mathematical,  and  sdontific  inams^ 
in  a  curriculum  diould  be  it  is  impossible  to  state  precisely,  for  it  is  abeaid  ti 
suppose  that  one  curriculum  will  suit  all  varieties  of  schools,  from  small  hxsl 
grammar  schools  to  the  large  public  ones.  Obviously  the  training  suitaUa  Ib 
boys  who  stay  at  school  until  eighteen  or  nineteen,  and  then  proceed  to  tarn 
umversity  to  spend  three  or  four  years  more  in  preparation  for  some  leaised 
profession,  must  differ  fix>m  that  of  boys  who  have  to  begin  actual  wosir  at  sixtses. 
and  each  school  must  modify  its  curriculum  to  meet  its  own  special  needs. 

But  in  every  curriculum  what  is  vital  is  that  its  main  plan  and  purpose  k 
sound,  that  it  help  to  form  a  complete  man,  capable  of  udng  all  his  lacultiee  of 
speech,  reason,  and  observation  to  oest  advantage,  and,  above  all,  t^t  it  impRSi 
on  his  mind  a  deep  conviction  that  what  he  has  learned  is  as  nothing  to  imt  W 
has  yet  to  learn  and  must  go  on  learning  through  life. 

6.  Influence  of  Examinations  and  Teachers, 

Examinations  many  and  manifold,  complex  and  confusing,  are  at  prcacnt  tbe 
real  masters  of  education.  They  control  the  whole  course  of  atady,  and  it  b 
absolutely  idle  to  establish  any  systematic  curriculum  until  s^ise,  system,  aad 
simplidty  are  in  some  measure  introduced  into  examinations.  Further,  the  beet 
curriculum  is  worthless  without  good  teachers. 


iv.  By  G.  F.  Daniell,  S.Sc. 

In  the  spring  of  1902  Canon  Lyttelton  suggested  that  it  would  be  bstk 
interesting  and  valuable  to  obtain  and  collate  the  views  of  teadiers  on  tiie  sobyeett 
essential  to  an  ideal  curriculum,  and  on  the  order  in  which  they  should  he  takm 

Se,g,  shmild  Latin  be  begun  before  French,  or  vice  versa  P).  The  idea  developed,  t^ 
luring  the  autumn  of  1902  and  the  spring  of  1903  a  series  of  meetinss  was  hdi 
altogether  about  thirty  in  number,  and  reports  have  been  received  at  the  Teactev 
Guild  headquarters. 

The  following  is  a  summary  of  the  conclusions  arrived  at  as  the  result  of  t^s 
inquiry: — 

1.  Classiflcation  of  MesuUs, 

The  returns  with  reference  to  secondary  (including  preparatory)  adiook  asf 
be  classified  as  follows : — 

Part  I,  contains  the  conclusions  with  regard  to  which  there  is  practical  agrse- 
ment. 
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Pturt  IL  suggMU  topies  espeoially  Buitedfor  debate. 

2\irt  III.  contains  soggeetions,  some  of  which  may  prove  to  be  of  considerable 
yalae, 

2.  Essential  Subjects. 

Part  L — From  reports  kindly  furnished  br  officers  of  eleven  branches  and 
nx  London  sections,  there  appears  to  be  practical  unanimity  as  to  the  following: — 

The  curriculum  should  include :  (1)  Beligious  instruction  ;  (2)  English  (atten- 
tion being  given  to  oral  as  well  as  to  written  composition) ;  (8)  French ;  (4^  Latin 
(two  London  Sections  and  the  Guernsey  branch  made  this  optional) ;  (6)  History ; 
(6^  Geo^phv;  (7)  Arithmetic;  (8)  Algebra,  begun  informally  as  generalised 
arithmetic;  (v)  Geometry,  formal  study  should  be  preceded  by  lessons  in  form 
and  measurement;  (10)  Science,  which  should  begin  with  object  lessons  or  nature 
study,  and  become  formal  at  about  the  age  of  thirteen ;  (11)  Handwork,  iududing 
sewing  for  girls;  (12)  Drawing;  (13)  Physical  exercises  (some  include  swim- 
ming) ;  (14)  Class  siosing'  ^t  was  further  agreed  (1)  That  French  should  be 
begim  before  Latin ;  (2)  The  ordinary  curriculum  for  ooys  and  ^Is  leaving  school 
at  sixteen  and  seventeen  should  not  include  Greek;  (8)  Specialisation  should  not 
be  allowed  until  the  general  development  of  the  pupil  is  secured,  usually  not 
before  sixteen. 

8.  Undecided  Questions. 

Part  II. — ^There  was  a  conflict  of  opinion  as  to  the  followinfir:  (V)  Whether 
German  should  be  compulsory ;  the  majority  made  this  optional.  (2)  Whether 
English  Grammar  should  be  treated  as  a  separate  subject ;  majority  affirmative. 
(3)  Whether  liuiguage  and  literature  should  be  taught  separately  (i»e.  separated 
on  the  time-table) ;  majority  affirmative.  (4)  Whether  separate  lessons  on  civics 
should  be  given,  or  whether  this  should  be  taught  through  history ;  majority  for 
the  latter.  (6)  What  should  be  the  age  for  beginning  laooratory  work ;  thirteen 
was  the  favourite  age.  (6)  Whether  the  use  of  Euclid's  Elements  should  be 
retained ;  majority  for  retention.  (7)  Whether  instrumental  music  and  shorthand 
should  form  part  of  the  ordinary  curriculum. 

4.  Suggestive  Opinions. 

Part  III. — ^The  following  opinions  were  expressed  by  one  or  more  branches  or 
flections:  (1)  That  no  subject  should  be  included  in  the  curriculum  to  whidi  a 
definite  minimum  of  time  could  not  be  allotted ;  (2)  That  each  subject  included 
lihonld  be  carried  through  to  the  fullest  extent  possible  in  the  school ;  (8)  That 
dancing  and  hygiene  should  be  taught  in  schools;  (4)  That  domestic  science 
shouldDe  taught  in  girlA*  schools,  including  household  book-keeping ;  (5)  That 
handwork  should  not  take  the  form  of  Sloyd ;  (6)  That  boys  shouM  be  taught 
shooting ;  (7)  That  scholars  leaving  at  sixteen  or  seventeen  years  of  age  for  a 
scientific  career  may  substitute  extra  practical  science  for  Latin ;  (8)  That  history 
should  be  oorreUted  with  literature  and  geography  with  elementary  archnology ; 
(9)  That  the  history  and  apfjreciation  of  art  should  be  taught,  to  indude  styles  of 
architecture,  sculpture,  painting,  and  the  lives  of  great  artists ;  (10)  That  botany 
18  the  most  convenient  subject  for  the  study  of  natural  history ;  objects  should  lie 
compared,  drawn,  and  described;  (11)  That  laboratory  work  should  be  begun 
whenever  science  work  is  begun. 

6.  Practical  Importance  of  Exchange  of  Views  on  Curricula. 

Any  attempt  to  formulate  a  rigid  Code  is  undesirable,  and  consequently  dis- 
cussions on  curricula  should  be  periodically  promoted,  in  order  that :  (1)  Literest 
in  such  problems  may  be  maintained,  and  individual  experiences  and  methods  be 
made  common  property ;  (2)  Teachers  isolated  by  distance  or  otherwise  may  be 
kept  in  touch  with  recent  improvements ;  (3)  Teachers,  particularly  specialists, 
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maj  aoqaiie  knowledge  of^  and  sjmpadij  "wiih,  the  work  of  oollea^oefl  m  snligecti 
oCber  than  thoee  in  whieh  thejaie  specially  occupied ;  (4)  Specialiita  maj  leeeiTe 
wefol  critadAint  from  ooDeagoef  who  may  be  regarded  with  reference  to  then 
^Mcial  salject  as '  intelligent  outsiders  * ;  (6)  The  claims  of  new  subiecta  to  admi»- 
sion  to  the  curriculum  may  be  demonstrated  to  the  non-specialist ;  (o)  Soggestioos 
may  be  afforded  as  to  what  subjects  can  be  omitted  firom  an  OTerczowded  time- 
talus  in  order  to  avert  the  peril  of  *  shallowness.* 


FRIDAY,  SEPTEMBER  11. 
The  following  Papers  were  read: — 

1.  On  Curricula  of  GirW  SchoclU, 

L  By  Miss  S.  A.  Bubstall,  B.A. 

1.  Introduction^ 

Broad  cuiriculum  advocated  rather  than  a  narrow  specialised  curricnlam. 
Reasons: — 

(a)  Actual  acquidtion  of  knowledge. 

(b)  Traiidng  of  the  mind ;  different  subjects  train  different  faculties. 

(c)  Development  of  the  child ;  subjects  should  be  suited  to  the  child's  age. 

The  various  aspects  of  the  subject  may  be  considered  under  the  followi^ 
heads:  (1)  General  character  of  curriculum;  (2)  Types  of  schools ;  (3)  Comma- 
cial  professions;  (4)  Engineering  and  applied  science  professions;  (5)  Domestie 
professions;  (6)  Literary  professions  ;  (7)  Subjects  for  schools  of  different  type». 


I. 

Age  12-lS 

IL 
13-14 

IIL              !               IV. 
14-16             1              W-16 

T.             VL 
16-17.        17-18. 

HUMANITIES. 

HUtory         \ 
Geography     f- 

EiigUib,4c  j 

SameasL   .   a 

1                                    1 

Ancient  History  \     ,  GeiMcal    Enropaan 
English  Hi»tory  f  ^  ,    and  English  His- 
G^fognpYij          I     '    tory»    Qeograpby, 
Uteratare,4M>.   )         Ltteratue.      IL 

8ory,4opttomaT 

English      Liien- 
toreandmidory  4 

gebca,  and  G«e> 
aetzy  ...    .4 

One  foreign  Ian- 

(KhS>«i|»i«iyl)* 

LANGUAGES. 

French,  G«r-) 
man,      or  -8 
Latin         J 

Same  at  L    .    8 

Same  as  L  .    •    .8    Latin 4 

iGcrmaa  ....  4 
French   ....  8 

.Greek 4 

1  (Only  one  oompol-  > 
sory.) 

Specialisation       in 
Ungnngw. 

SOIENOE. 

Arithmetic    \ 
Elementaiy 

G«nneti7   r8 
Elementary 

Phyalot     J 

Arithmetic     \ 
Geometry   &    » 
Algebra        " 
NatareBtndyj 

Mathematics  .   •  8 

Physios  .    .    :    .  8 

Natore        Sto^ 

(alternate  with 

some    English 

Study)    ...» 

1 

(Oompolsory.) 

(One  oompoisoTy,   | 
rest  optional). 

SpeeiaUsatSon       in 
Science            and 

1 

The  flgares  denote  minimnm  namber  of  lessons  per  week.    Phvsieal  training  and  one  bnnob  of 
work  oompirisory  throughout.    En^ish  composition  included  in  the  Humanitios  seotion. 
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2.  Concliiiion, 


Limitation  qf  material  to  be  learnt  essential ;  masses  of  detail  not  necessaiy 
for  tlioioaghneas,  e,g,  anomalous  forms  in  Latin  gramma?!  the  leas  Important 
metals  in  chemistry,  details  of  battles  and  campaigns  in  history. 

An  outline  course,  with  typical  examples  accurately  known  and  properly 
understood,  does  not  mean  supernciality. 

Organisation, — ^Different  courses:  Classical,  scientific,  commercial,  fte.,  over- 
lapping in  some  snljects  of  general  education,  may  be  given  in  different  parts  of 
the  same  school.  This  plan  works  very  well  in  large  schools  (qf,  America).  Or  a 
particular  school  may  give  one  or  two  courses  only ;  «.^.  a  small  school  may  refuse 
to  specialise  in  classics  or  in  science,  or  any  school  may  fix  a  rigid  cumculum 
and  appeal  to  one  type  of  pupil  only,  like  the  American  manual  training  high 
school. 

Local  differences  and  local  conditions  and  needs  make  variety  essential. 
Freedom  vital  in  education. 


ii.  By  Professor  H.  B.  Armstrono,  Ph.D.,  LL,D.,  KR.S. 
1.  The  Basis  of  a  Rational  Curriculuin, 

The  education  of  the  future  must  be  practical  and  individual,  such  as  will 
directly  fit  bop  and  girls  for  their  work  in  the  world,  such  as  will  appeal  to  their 
sense  of  intelligence,  such  that  they  will  value  it  instead  of  shirking  it  whenever 
possible. 

Literary  methods  must  give  place  to  practical  methods ;  workshop  methods 
must  take  the  place  of  didactic  desk  methods.  The  schools  of  the  fbture  must  be 
in  charge  of  broad-minded,  practical  men  and  women,  triuned  scientifically  and  in 
the  world  as  well  as  in  academic  grooves.  Consequently,  the  training  of  teachers, 
examiners,  and  inspectors  must  be  conducted  on  more  rational  and  practical 
principles  than  heretofore,  in  order  that  a  race  may  arise  capable  of  coping  with  a 
rational,  practical  curriculum. 

2.  Essential  Subjects  for  all  Pupils. 

The  subjects  which  all  children  should  at  first  study  in  common  must  be  such 
as  to  dev^op  all  their  faculties. 

Every  child  should  be  taught  to  read  well  and  to  like  and  use  books — a  very 
laige  amount  of  time  should  he  devoted  to  reading — the  habit  of  reading  out  loud 
should  be  carefully  cultivated.  At  whatever  age  children  leave  school,  t£ey  should 
be  well  read  for  that  age  and  know  how  to  turn  to  books  for  information. 

The  teaching  of  our  own  language,  of  history,  and  to  some  extent  of 
geography,  should  be  largely  incidental  to  reading.  Mere  lesson-learning  should 
be  aboUsbed,  both  in  and  out  of  schooL  Children  should  be  encouraged,  indeed 
taught,  to  talk  rationally,  and  much  about  their  work  and  of  things  around  them. 

M  most  half  the  school  time  should  be  devoted  to  literary  studies— to  studies 
conducted  by  literary  methods.  At  least  half  should  be  given  to  practical  studies 
— to  experimental  and  manual  work. 

The  prime  object  in  view  in  experimental  work  should  be  the  formation  of 
character— the  cultivation  of  some  measure  of  thought  power-and  of  a  seeing  eye, 
not  the  acquisition  of  knowledge. 

.  Literary  training  might  be  given  largely  in  connection  with  such  work  to 
supplement  that;  given  through  reading ;  there  would  be  something  real  to  write 
about,  something  seen,  felt,  or  discovered,  so  that  the  habit  of  writiog  about  real 
things  would  gradually  be  accjuired. 

The  teaching  of  mathematics  and  of  drawing  should  also  be  made  incidental  to 
^he  experimental  work. 

With  regard  to  manual  training,  something  far  more  real  than  what  is  now  , 
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done  mutt  be  introduced  into  schools.  This  class  of  woric  should  be  made  m 
attractive ftt  any  game;  in  fact,  it  should  be  organised  on  a  similar  foodn;, 
diiaeily  in  oo-operatton  with  the  scholars.  It  is  of  the  utmost  coDsequMice  tfatt 
▼arions  braochet  of  manual  training  should  receive  adequate  and  seriooa  treatmeot 
in  all  schools. 

8.  Interut  and  IruKmdualtty, 

In  the  boarding  school  of  the  future  there  should  be  little  or  no  eTeniag 
lesson-learning  of  the  conventional  tjpe ;  the  time  will  be  far  more  nsefoll j  ^sbI 
and  in  a  more  healthj  manner  in  experimental  and  manual  work- 
in  the  future,  besides  manual  training,  ^neral  physical  training  most  reoeivi 
a  doe  share  of  attention.  When  the  fomudities  of  classics  no  bnger  fill  the  mind, 
the  ftxtmp^'^  set  in  dassic  times  may  meet  with  some  recognition :  some  efibft  w3I 
be  made  to  embody  Gresdc  ideals  in  our  scholastic  practice. 

The  higher  should  differ  from  the  preparatory  school  mainly  in  the  extent  to 
which  proclivities  which  become  manifest  cluring  the  preparatory  course  are  gives 
scope  for  development,  in  the  increanng  difficulty  of  the  tasks  set,  and  in  tbi 
increasing  demand  for  results. 

4.  General  and  Profeeeional  Education, 

Undue  specialisation  may  have  an  effect  the  very  opposite  to  that  wbich  it  ii 
argued  makes  specialisation  desirable.  In  all  careers  the  preliminary  qnalificatiaB 
of  most  worth  is  general  intelligence. 

Arguments  such  as  these  favour  the  conclusion  that  in  schools  generally  botk 
literary  and  practical  studies  should  at  all  times  receive  adeouate  treatment,  sad 
that  specialisation  should  as  far  as  possible  be  avoided.  The  differences  ^ 
should  be  allowed  to  arise  between  different  types  of  school  should  be  differaioei 
in  the  character  of  the  work  done  within  either  of  the  two  main  branchee— in  the 
character  of  the  reading  or  in  the  choice  of  subject-matter  for  the  experimentil 
studies. 

5.  The  Domeetie  ProfeeeUm. 

It  is  a  very  serious  outlook  for  the  country  that  the  higher  edocatioB  ot 
women  is  almost  entirely  in  the  hands  of  those  who  have  been  trained  in  sehooli 
where  a»idemic  views  prevail  almost  exclusively.  The  very  fact  that  wones 
hare  only  asked  that  they  should  be  allowed  to  do  as  men  do,  to  have  what  bkb 
have,  is  proof  that  they  liave  failed  to  understand  the  position  they  hold. 

6.  Ainu  qf  Scientific  Instruotion, 

It  is  essential  that  whatever  be  done  should  be  done  thoroughly :  Ae  6tjfd 
in  view  is  to  teach  method  ;  it  is  not  primarily  a  question  of  resulte.  The  reqmI^> 
ments  of  examining  bodies  of  the  present  irrational  type  must  be  reeolutely  f^ 
aside. 

The  various  branches  of  ttcience  are  not  of  equivalent  value  as  edncatioail 
instruments.  Physics  and  chemistry  are  the  foundations,  as  it  were,  of  aciflntiie 
belief;  they  underlie  all  natural  phenomena,  all  vital  changes.  But  althoogh  it 
is  necessary,  before  attempting  in  any  way  to  consider  the  nature  of  the  procesw 
which  attend  life,  to  understand  the  fundamental  principles  of  physics  aad 
chemistry,  there  is  no  reason  why  the  biological  sciences  should  not  leceivt 
attention  at  a  very  early  stage.  In  physics  and  chemistry  experiments  can  bs 
made  in  a  way  and  with  a  degree  of  completeness  which  is  impossible  in  the  ease 
of  the  biological  sciences ;  the  latter,  however,  afford  unrivalled  opjportnnitf  of 
cultivating  observational  power.  But  in  future  the  olject  of  schools  will  be  to 
give  their  scholars  a  broad  outlook  over  nature :  to  create  interest  in  all  timt  goei 
on  around  them. 
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2.  On  School  Ct*rricula  with  Special  Reference  to  Commercial 
Education, 

i.  By  3.  L.  Paton,  M,A, 
1.  Special  Commercial  Schools  Undeeirable. 

Whether  it  be  medicine,  law,  the  Church,  or  commerce,  or  even  schoolmaster- 
in^,  it  is  hardly  fair  to  earmark  a  boy  at  the  age  of  ten,  or  perhaps  younger,  for 
this  or  that  particular  walk  in  life.  Up  till  the  age  of  fifteen  every  school 
ouffht  to  be  what  Ruskin  calls  a  *  discovering  school,'  finding  out  for  wliat  a  boy 
u  best  fitted.  Specialised  classes  there  must  be,  every  secondary  school  must 
bifurcate  towards  the  top,  but  such  classes  should  be  put  as  late  as  posaiUe,  not  as 
early. 

2.  Xot  Manual  Dexterity  but  Mental  DieciplifM, 

Bj  *  education  for  commercial  professions  *  is  meant  an  education  not  only 
unmistakably  secondary,  but  super-secondary ;  that  is,  based  on  a  sound  general 
education  of  a  secondary  grade.  Up  to  the  age  of  fifteen  or  sixteen — ^thatis,  up  to 
the  standard  which  is  represented,  at  the  very  lowest,  by  Honours  in  the  Junior 
Oxford  and  Cambridge  Locals — the  thing  '  commercial  education  *  should  not  be 
so  much  as  named. 

8.  Character  and  Scope  qf  Foundation  Studies, 

The  mode  or  the  method  is  the  most  important  thing  in  these  earlier  stages. 
The  mother  tongue  is  not  taught  as  well  as  it  should  be.  Two  things  need  to  be 
insisted  on :  (1)  Clear  articuUtion,  with  some  differentiation  of  the  various  vowel 
sounds,  too  apt  to  be  lost  in  an  Indiscriminate  ernsound ;  (2)  The  proper  formation 
and  management  of  sentences. 

Again,  in  modern  languages  we  must  discard  the  heavy  classical  method  of 
grammar  and  exercise.  Sound  must  come  first. .  Speech  cannot  be  articulated  till 
the  vocal  organs  have  learned  to  form  the  component  sounds. 

^  We  will  suppose  now  that  our  boy  has  passed  through  this  stage,  that  he  has  a 
fair  equipment  m  English,  in  one  modem  language  at  any  rate,  in  arithmetic, 
geometry,  and  algebra,  in  the  histonr  of  his  country,  and  the  geogranhy  of  the  chief 
countries  of  the  world ;  also  some  elementary  and  practical  knowleoRe  of  drawing, 
mensuration,  physics,  and,  perhaps,  chemistry ;  if  Latin  too,  so  mudi  the  better. 
We  pass  now  to  the  commercial  aepartment,  the  specific  preparation  for  commerce. 
We  assume  that,  *  in  whatever  matters  it  is  our  duty  to  act,  those  matters  it  is 
also  our  duty  to  study.'    How  do  we  set  about  it  P 

4.  Specific  Preparation  for  Commerce. 

The  first  subject  in  which  specialisation  is  possible  is  Arithmetic.  This  must 
begin,  if  it  has  not  begun  already,  with  thorough  drill  in  the  metric  system  and 
the  monetary  systems,  the  weights  and  measures  of  other  countries  with  which 
England  trades.  The  next  thing  is  to  learn  the  decimalisation  of  English  monev, 
and  therewith  all  manner  of  rapid  and  abridged  processes  of  calculation.  Closely 
in  touch  with  arithmetic,  and  taught  by  the  same  master,  must  fO  commercial 
knowledge— questions  of  freight  and  navigation,  insurance  and  tariffs,  companies, 
shares,  computation  of  annuities,  mortgage  loans,  the  elements  of  banldng  and 
bills  of  excnange;  how  debts  incurred  in  London  may  be  extinguished  in 
Hamburg,  the  rate  of  exchange,  and  difference  between  gold  and  silver  standards 
of  currency.  Svstematic  instruction  in  these  things  will  involve  the  worldng  out 
of  practical  problems  by  arithmetic  at  everv  step,  and  care  must  be  taken  that 
there  is  plenty  of  mental  computation.  The  terms  used  must  be  made  real  as 
much  as  possiole  hj  reference  to  actual  reports  of  commerce  and  current  news- 
papers, also  by  visits  to  the  Docks,  to  the  Clearing  House,  to  the  Mint,  to  large 
commercial  and  industrial  houses.    Clearly  thi^  ig  not  a  matter  of  text-book 
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merely ;  no  text*book|  however  good,  will  suffice  in  its^.    The  teacher  most  W« 
actual  experience  of  business. 

The  Arenck  and  Oemum  must  also  begin  to  take  a  n>ecial  biaa.  The  laonige 
itself  must  be  used  as  the  Tehide  of  teaching ;  a  complete  aeries  of  letters  sMd 
from  time  to  time  be  written  completing  a  transaction  between  an  Eogfish  sad  i 
foreign  firm;  and  the  compodtaon  should  be  what  is  called  'free  compositioi 
rather  than  literary  translation. 

In  History  the  first  year  should  be  given  to  the  history  of  the  world,  and  thn 
in  the  second  year  work  over  the  same  ground  again,  studying  it  fiom  the  wpasd 
economic  point  of  view. 

Geography  must  also  now  become  a  worid-subject,  and  no  longer  an  afiir  of 
separate  countries.  It  will  begin  with  examining  the  world^-dis^batioai  d 
temperature,  pressure,  wind,  and  rainfall,  with  the  causes  that  produce  tbem;  tk 
sea  currents  as  the^  affect  climate.  Tliis  opens  up  the  question  of  eeoeoak 
vegetation  and  the  £stribution  of  animals.  Next  come  mineiala  and  ooaL  Aid 
then,  as  the  resultant  of  all  these  circumstances,  comes  the  populatioti.  For  aC 
this  work  special  maps  are  required ;  the  Geographical  AssocmtKHi  pforides  wm 
excellent  slides.  After  this  comea  regional  geography  of  tlie  geognpliieal  warn. 
The  region  is  first  defined  by  emphasising  the  relief  of  the  area  under  Uesfwit 
with  rough  accounts  of  structure,  climate,  and  v^fetation,  and  popfidatioa  ■ 
before,  with  the  special  reasons  which  have  caused  the  growth  of  certain  to«i&. 
Then  comes  the  question  of  routes  within  the  area,  ss  based  on  relief  a 
system,  and  last  of  all  trade  routes  and  trade  relationships  with  other  < 
transit,  cable  routes,  and  all  communications. 

Eccnotiuci  should  not  come  till  the  second  year,  and  they  shonld  be  co—wm- 
sense  and  practical  thinking  about  the  most  obvious  phenomena  of  our  social  fifab 

A  hi^n  mathematical  standard  should  be  insisted  upon  for  entry  to  tk 
commercial  department.  The  arithmetic  cannot  be  done  without  it.  Also,  a  bor 
should  have,  before  going  into  business,  some  knowledge  of  the  chembtrr  i 
common  life  and  merchantable  objects,  of  the  mechanics  and  the  main  zaotoc 
powers  used  in  manufacture. 

The  English  should  be  as  little  as  possible  formal  or  philologicaL  The  eoa- 
position  should  arise  out  of  the  teaching,  but  it  will  not  be  by  any  means  txxSmd. 
to  the  English  class.  The  history,  geography,  and  economics  will  all  involw 
essay  wriUnff.  The  composition  should  not  be  all  written,  every  oommefdil 
course  should  include  practice  in  speaking,  but  this  can  hardly  be  a' class  sul^eci, 
it  should  find  its  free  and  spontaneous  scope  in  the  school  debating  society. 


ii.  By  W.  C.  Fletcher,  M.A. 

It  should  not  be  forgotten  that  in  discussion  of  curricula — still  more,  <^ooaner 
in  their  enforcement — conclusions  must  not  be  sharply  defined,  and  that  bekBd 
any  curriculum  lies  a  much  more' important  matter — ^the  personalis  of  the  tetcfae& 

1,  Jinowledge  for  its  ovm  Sake, 

Utility  is  no  guide.  Not  that  utility  is  objectionable  as  extremists  have  vfid. 
but  that  it  is  unattainable.  Of  no  conceivable  subject  in  a  school  euiaieaiMi 
other  than  reading,  writing,  and  the  bare  elements  of  arithmetic,  can  it  tndyk 
asserted  that  it  will  be  '  useAil  *  to  all,  or  even  to  any  consideiaUe  firaction  d  ikt 
whole  number  of  children. 

2.  Faculties  to  be  Developed, 

After  the  bare  elements,  the  absence  of  which  distinguishes  the  legal '  iihtantB' 
firom  the  rest  of  the  community,  the  essentials  to  m  seemed,  if  posnfale^  tm: 
(1)  the  power  of  accurately  following  thought  properiy  exprsaned;  ^  tiiep 
of  thinking  accurately  oneself;  and  (3) — ^which  can  perhaps  hardly  be 
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firom  (2)— the  power  of  accurately  expressiog  one's  own  thought.  This  is  what 
we  mean  hy  mind  training.  Education  does — or  should — include  also  the  discipline 
and  development  of  the  emotions  and  judgment,  esthetic  and  moral,  as  well  as 
merely  intellectual. 

These  two  sides  of  education — disciplinary  and  SBsthetic  they  may  perhaps  be 
called  for  shortness — constantly  overlap,  but  they  must  both  be  kept  in  mind  if  a 
curriculum  at  all  tolerable  is  to  be  secured. 

3.  Untformiiy  of  Cvrricuhan  desirable  in  Lower  and  Middle  Forms. 

Whatever  differences  exist  between  school  and  school,  it  is  desirable  that  (in 
the  lower  and  middle  forms  at  least)  all  should  follow  the  same  curriculum. 

A  common  curriculum  is  a  powerful  fiictor  in  that  community  of  interest  and 
feeling  which  should  be  maintained  as  far  as  possible,  and  whose  maintenance  is 
especially  difficult  under  the  conditions  of  city  echool  life.  No  considerations  of 
utility,  which  at  best  are  uncertain  and  probably  delusive,  seem  to  me  sufficient 
to  outweigh  this  vital  consideration.  This  does  not,  of  course,  apply  to  the  top 
form  of  a  school,  where  a  considerable  amount  of  variety  and  specialisation  can, 
and  should,  be  permitted. 

4.  Place  of.  Manual  Work, 

Manual  work— 1.6.  work  in  clay,  wood,  metal,  &c.— does  sometimes  give  the 
needed  chance  of  interest  and  success  to  a  boy  who  in  ordinary  school  subjects  is 
a  '  hopeless  duffer.'  This  alone  would  justify  its  inclusion  in  one  form  or  another 
in  all  curricula,  but  it  does  not  need  this  justification.  It  gives  valuable  assistance 
in  making  arithmetic  and  drawing  more  real  and  intelligible ;  some  forms  of  it 
demonstrate  as  nothing  else  does  the  difference  between  accurate  and  inaccurate 
work,  hence  have  a  considerable  moral  value ;  it  interests  most  boys,  so  making 
them  more  favourably  disposed  to  school  work  as  a  whole,  no  small  advantage. 

6.  The  Discipline  of  Scientific  Studies. 

Natural  science  does  not  seem  to  come  under  the  head  of  practical  instruction 
in  at  all  the  same  sense  as  manual  work. 

It  is  true  that  actual  handling  and  examination  of  things,  actual  construction 
and  measurement,  is  an  essential  part  of  it,  but  it  is  not  the  whole,  nor,  as  everv 
teacher  knows,  the  most  difficult  parb.  Exact  statement  of  what  is  obs^red, 
co-ordination  of  new  experience  with  old,  the  disentanglement  of  the  essential 
from  the  accidental,  the  ouilding  up  by  reflection  and  £scu6sion  of  a  coherent 
body  of  truth,  demand  clearness  of  thought  and,  what  can  seldom  if  ever  be  divorced 
from  that,  clearness  of  exnression.  These  requirements  make  natural  science 
properly  handled  an  admirable  discipline,  but  it  is  a  discipline  which  has  quite  as 
much  in  common  with  the  discipline  of  mathematks  and  literary  subjects  as  with 
that  of  manual  work.  But  further  it  should  be  added  that  the  influence  of 
natural  science  teaching  has  reacted  most  favourably  (m  the  older  subjects.  Any- 
one with  the  scientiflc  habit  of  mind  will  approach  the  teaching  of,  say,  Latin  in 
a  way  very  different  from  the  traditional  method.  He  will  lay  much  more  stress 
on  observation  and  reason  and  inquiry  than  on  dogma. 

6.  The  General  Curriculum, 

Manual  instruction,  in  one  shape  or  other,  should  be  carried  on  in  the  lower  and 
middle  forms,  natural  science  in  the  middle  and  upper,  not  excludin{[,  of  course, 
simple  observational  science,  eyen  among  the  youngest  boys  if  conditions  permit, 
and  literary  subjects  throughout. 

As  to  the  latter,  they  will  include — besides  mathematics — history,  geography, 
and  literature  with  languages.  If  adequate  attention  is  to  be  given  to  (wier 
essentials,  not  more  than  two  languages  ^oold  be  attempted  except  by  boys  in 
the  upper  forms  spedalinng  in  this  dhrection.    Up  to  alout  the  age  of  sixteen 
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boys  •hould  be  kept  together ;  if  by  this  time  they  have  m  competent  < 
knowledge  of  the  subjects  indicatea,  they  may  with  adrantage  if  dtej  itiy  kngv 
at  sdiool  be  allowed  to  concentrate  on  subjects  which  more  especuDy  intarat 
them,  whether  for  professional  or  purely  scientific  purposes.  Eaili^  ^edaliHtki 
has  no  adyantages. 


MONDAY,  SEPTEMBER  14. 

The  following  Discussion  took  place  and  Reports  were  retd  :— 

1.  Discussion  on  the  Teaching  of  Geogrofhy, 
Opened  by  H.  J.  Magkindbb,  M,A. — See  p.  722. 


2.  Report  on  the  Teadiing  of  Botany, ^^ee  Beports,  p.  420. 


3.  Report  on  the  Conditions  of  Health  essential  to  the  carrying  on  of^ 
Work  of  Instruction  in  Schools,—  See  ReportSi  p.  455, 


TUESDAY,  SEPTEMBER  15. 
The  foUowbg  Reports  were  read : — 
1.  Report  on  the  If\fluence  of  Examinations. —  See  Reports,  p.  45i 


2.  Report  on  the  Teaching  of  Science  in  Elementary  Sckook 
See  Reports,  p.  429. 
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378. 
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Pern,  863. 

the  histiology  of  the  sieve  tubes  of 
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Somersetshire,  W.  S.  Boulton  on  some, 
660. 

Igneous  rocks  of  the  Berwyns,  T.  H. 
Cope  and  J.  Lomas  on  the,  664. 

Index  generum  et  specierum  animalium, 
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on  the  B.A,  screw  gauge,  378. 


Kblvin  (Lord)  on  the  eleotro-etheml 

theory  of  the  velocity  of  li^ht  in  gaaes, 

liquids,  and  solids,  536. 
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onthe  eitvarine  deposits  at  KirmiMf- 

ton,  LincolnshirOf  218. 

on  the  fauna  and  flora  of  the  Tries 
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qf  the  Indian  region,  305. 
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the  British  carboniferous  rochs,  185. 

Lbiohton  (Dr.  Gerald),  some  recent 
observations  on  British  reptiles,  694. 

Lb  Subub  (Dr.)  on  the  study  of  hydro- 
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position of  the  tissues  of  these  and 
allied  seaweeds,  851. 

R.  F.  Blakb,  and  J.  S.  Totton, 
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by  T.  Clarkson,  773. 
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Lustre  ptodaoed  on  mercerising  cotton 
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Boston 

California 

Cambridge 
Chicago    ... 


Kington  . 
Mamtoba  . 

Mexico 

Missouri  . 
Montreal  . 
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.Johns  Hopkins  Uni- 
versity. 

..American  Academy  of 
Arts  and  Sciences. 

..The  University. 

..Lick  Observatory. 

..Academy  of  Science. 

..Harvard    University 
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. .  American        Med  ical 
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.  .Field  Columbian  Mu- 
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..Queen's  University.      ' 

..Historical  and  Scien- 
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'  Antonio  Alzate.' 
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I  vania. 
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.The  University. 
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^—^      Smithsonian      Ixtsbfea* 

tion. 
-—      The  Naval  Obeervatey. 

United   States   Geolo- 

f*Lcal  Survey  (ji  t^ 
erritoiiea. 

Library  of  Coogress. 
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